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Summary 
This manual was written for design engineers to enable them 

to choose appropriate fasteners for their designs. Subject matter 
includes fastener material selection, platings, lubricants, 
corrosion, locking methods, washers, inserts, thread types and 
classes, fatigue loading, and fastener torque. A section on 
design criteria covers the derivation of torque formulas, loads 
on a fastener group, combining simultaneous shear and tension 
loads, pullout load for tapped holes, grip length, head styles, 
and fastener strengths. The second half of this manual presents 
general guidelines and selection criteria for rivets and 
lockbolts. 

Introduction 
To the casual observer the selection of bolts, nuts, and rivets 

for a design should be a simple task. In reality it is a difficult 
task, requiring careful consideration of temperature, corrosion, 
vibration, fatigue, initial preload, and many other factors. 

The intent of this manual is to present enough data on bolt 
and rivet materials, finishes, torques, and thread lubricants 
to enable a designer to make a sensible selection for a particular 
design. Locknuts, washers, locking methods, inserts, rivets, 
and tapped holes are also covered. 

General Design Information 

Fastener Materials 

Bolts can be made from many materials, but most bolts are 
made of carbon steel, alloy steel, or stainless steel. Stainless 
steels include both iron- and nickel-based chromium alloys. 
Titanium and aluminum bolts have limited usage, primarily 
in the aerospace industry. 

Carbon steel is the cheapest and most common bolt material. 
Most hardware stores sell carbon steel bolts, which are usually 
zinc plated to resist corrosion. The typical ultimate strength 
of this bolt material is 55 ksi. 

An alloy steel is a high-strength carbon steel that can be heat 
treated up to 300 ksi. However, it is not corrosion resistant 
and must therefore have some type of coating to protect it from 

corrosion. Aerospace alloy steel fasteners are usually cadmium 
plated for corrosion protection. 

Bolts of stainless steel (CRES) are available in a variety of 
alloys with ultimate strengths from 70 to 220 ksi. The major 
advantage of using CRES is that it normally requires no 
protective coating and has a wider service temperature range 
than plain carbon or alloy steels. 

A partial listing of bolt materials is given in table I. The 
following precautions are to be noted: 

(1) The bolt plating material is usually the limiting factor 
on maximum service temperature. 

(2) Carbon steel and alloy steel are unsatisfactory (become 
brittle) at temperatures below -65 OF. 

(3) Hydrogen embrittlement is a problem with most 
common methods of plating, unless special procedures are 
used. (This subject is covered more fully in the corrosion 
section.) 

(4) Series 400 CRES contains only 12 percent chromium and 
thus will corrode in some environments. 

(5) The contact of dissimilar materials can create galvanic 
corrosion, which can become a major problem. (Galvanic 
corrosion is covered in a subsequent section of this manual.) 

Platings and Coatings 

Most plating processes are electrolytic and generate hydro
gen. Thus, most plating processes require baking after plating 
at a temperature well below the decomposition temperature 
of the plating material to prevent hydrogen embrittlement. 
However, heating the plating to its decomposition temperature 
can generate free hydrogen again. Thus, exceeding the safe 
operating temperature of the plating can cause premature 
fastener failure due to hydrogen embrittlement as well as loss 
of corrosion protection. (A summary of platings and coatings 
is given in table II.) 

Cadmium Plating 

The most common aerospace fastener plating material is 
cadmium. Plating is done by electrodeposition and is easy to 
accomplish. However, cadmium-plated parts must be baked 
at 375 OF for 23 hours, within 2 hours after plating, to prevent 
hydrogen embrittlement. Since cadmium melts at 600 OF, its 
useful service temperature limit is 450 OF. 



TABLE I.-SUMMARY OF FASTENER MATERIALS 

Material Surface Useful design illtimate tensile Comments 
treatment temperature strength at room 

limit, temperature, 
of ksi 

Carbon steel Zinc plate -65 to 250 55 and up ----------------
Alloy steels Cadmium plate, -65 to Up to 300 Some can be 

nickel plate, limiting used at 900 of 
zinc plate, or temperature 
chromium plate of plating 

A-286 stainless Passivated per -423 to 1200 Up to 220 ----------------
MIL-S-5002 

17-4PH None -300 to 600 Up to 220 ----------------
stainless 

17-7PH Passivated -200 to 600 Up to 220 ----------------
stainless 

300 series Furnace oxidized -423 to 800 70 to 140 Oxidation reduces 
stainless galling 

410, 416, and Passivated -250 to 1200 Up to 180 47 ksi at 1200 of; 
430 stainless will corrode 

slightly 

U-212 stainless Cleaned and 1200 185 140 ksi at 1200 of 
passivated per 
MIL-S-5002 

Inconel718 Passivated per -423 to 900 Up to 220 ----------------
stainless QQ-P-35 or or cadmium 

cadmium plated plate limit 

Inconel X-750 None -320 to 1200 Up to 180 136 ksi at 1200 of 
stainless 

Waspalloy None -423 to 1600 150 ----------------
stainless 

Titanium None -350 to 500 Up to 160 ----------------

Zinc Plating 

Zinc is also a common type of plating. The hot-dip method 
of zinc plating is known commercially as galvanizing. Zinc 
can also be electrodeposited. Because zinc plating has a dull 
finish, it is less pleasing in appearance than cadmium. 
However, zinc is a sacrificial material. It will migrate to 
uncoated areas that have had their plating scratched off, thus 
continuing to provide corrosion resistance. Zinc may also be 
applied cold as a zinc-rich paint. Zinc melts at 785 OF but has 
a useful service temperature limit of 250 OF. (Its corrosion
inhibiting qualities degrade above 140 OF.) 

zinc, iron, and manganese. Phosphate-coated parts can be 
readily painted, or they can be dipped in oil or wax to improve 
their corrosion resistance. Fasteners are usually phosphated 
with either zinc or manganese. Hydrogen embrittlement 
seldom is present in phosphated parts. Phosphate coatings start 
deteriorating at 225 OF (for heavy zinc) to 400 OF (for iron 
phosphate) . 

Nickel Plating 

Nickel plating, with or without a copper strike (thin plating), 
is one of the oldest methods of preventing corrosion and 
improving the appearance of steel and brass. Nickel plating 
will tarnish unless it is followed by chromium plating. Nickel 
plating is a more expensive process than cadmium or zinc 
plating and also must be baked the same as cadmium after 
plating to prevent hydrogen embrittlement. Nickel plating is 
good to an operating temperature of 1100 OF, but is still not 
frequently used for plating fasteners because of its cost. 

Phosphate Coatings 

Steel or iron is phosphate coated by treating the material 
surface with a diluted solution of phosphoric acid, usually by 
submerging the part in a proprietary bath. The chemical 
reaction forms a mildly protective layer of crystalline 
phosphate. The three principal types of phosphate coatings are 
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TABLE H.-SUMMARY OF PLATINGS AND COATINGS 

Type of coating Useful design Remarks 
temperature limit, 

of 

Cadmium 450 Most common for aerospace 
fasteners 

Zinc 140 to 250 Self-healing and cheaper 
than cadmium 

Phosphates: 
Manganese 225 Mildly corrosion resistant 
Zinc 225 to 375 but main use is for surface 
Iron 400 treatment prior to painting. 

Another use is with oil or 
wax for deterring corrosion. 

Chromium 800 to 1200 Too expensive for most 
applications other than 
decorative 

Silver 1600 Most expensive coating 

Black oxide "300 Ineffective in corrosion 
(and oil) prevention 

Preoxidation 1200 Prevents freeze-up of CRES 

(CRES) fasteners threads due to oxidation 
only after installation 

Nickel 1100 More expensive than cadmium 
or zinc 

SermaGard and 450 to 1000 Dispersed aluminum particles 
Sermatel W with chromates in a water-

based ceramic base coat 

Stalgard 475 Proprietary organic and/or 
organic-inorganic compound 
used for corrosion resistance 
and lubrication (in some cases) 

Diffused nickel- 900 Expensive and requires close 
cadmium control to avoid hydrogen 

damage 

aoil boiling point. 

Ion-Vapor-Deposited Aluminum Plating 

Ion-vapor-deposited aluminum plating was developed by 
McDonnell-Douglas for coating aircraft parts. It has some 
advantages over cadmium plating: 

(1) It creates no hydrogen embrittlement. 
(2) It insulates against galvanic corrosion of dissimilar 

materials. 
(3) The coating is acceptable up to 925 of. 
(4) It can also be used for coating titanium and aluminums. 
(5) No toxic byproducts are formed by the process. 

It also has some disadvantages: 
(1) Because the process must be done in a specially designed 

vacuum chamber, it is quite expensive. 
(2) Cadmium will outperform ion-vapor-deposited aluminum 

in a salt-spray test. 

Chromium Plating 

Chromium plating is commonly used for automotive and 
appliance decorative applications, but it is not common for 
fasteners. Chromium-plated fasteners cost approximately as 
much as stainless steel fasteners. Good chromium plating 
requires both copper and nickel plating prior to chromium 
plating. Chromium plating also has hydrogen embrittlement 
problems. However, it is acceptable for maximum operating 
temperatures of 800 to 1200 OF. 

Sermatel Wand SermaGard 

Sermatel Wand SermaGard are proprietary coatings 1 

consisting of aluminum particles in an inorganic binder with 
chromates added to inhibit corrosion. The coating material is 
covered by AMS3126A, and the procedure for applying it by 
AMS2506. The coating is sprayed or dipped on the part and 
cured at 650 OF. (sps Technologies2 has tested Sermatel W
coated fasteners at 900 OF without degradation.) This coating 
process prevents both hydrogen embrittlement and stress 
corrosion, since the fastener is completely coated. Sermatel 
is about as effective as cadmium plating in resisting corrosion 
but costs about 15 percent more than cadmium. Fasteners are 
not presently available "off the shelf" with Sermatel W or 
SermaGard coating, but the company will do small orders for 
fasteners or mechanical parts. These coatings will take up to 
15 disassemblies in a threaded area without serious coating 
degradation. 

Stalgard 

Stalgard is a proprietary coating3 process consisting of 
organic coatings, inorganic-organic coatings, or both for 
corrosion resistance. According to Stalgard test data their 
coatings are superior to either cadmium or zinc plating in salt
spray and weathering tests. Stalgard coatings also provide 
galvanic corrosion protection. However, the maximum 
operating temperature of these organic coatings is 475 OF. 

Diffused Nickel-Cadmium Plating 

This process was developed by the aerospace companies for 
a higher temperature cadmium coating. A O.0004-in.-thick 
nickel coating is plated on the substrate, followed by a 
0.0002-in.-thick. cadmium plate (per AMS2416). The part is 
then baked for 1 hour at 645 of. The resulting coating can 
withstand 1000 of. However, the nickel plate must completely 
cover the part at all times to avoid cadmium damage to the 
part. This process is expensive and requires close control. 

iSermatech International, Inc., Limerick, Pennsylvania. 
2Jenkintown, Pennsylvania. 
3Elco Industries, Rockford, Illinois. 
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Silver Plating 

Silver plating is cost prohibitive for most fastener applica
tions. The big exception is in the aerospace industry, where 
silver-plated nuts are used on stainless steel bolts. The silver 
serves both as a corrosion deterrent and a dry lubricant. Silver 
plating can be used to 1600 °P, and thus it is a good high
temperature lubricant. Since silver tarnishes from normal 
atmospheric exposure, the silver-plated nuts are commonly 
coated with clear wax to prevent tarnishing. Wax is a good 
room-temperature lubricant. Therefore, the normal "dry 
torque" values of the torque tables should be reduced by 
50 percent to allow for this lubricant. 

Passivation and Preoxidation 

Stainless steel fasteners will create galvanic corrosion or 
oxidation in a joint unless they are passivated or preoxidized 
prior to assembly (ref. 1). Passivation is the formation of a 
protective oxide coating on the steel by treating it briefly with 
an acid. The oxide coating is almost inert. Preoxidization is 
the formation of an oxide coating by exposing the fasteners 
to approximately 1300 0p temperature in an air furnace. The 
surface formed is inert enough to prevent galling due to 
galvanic corrosion. 

Black Oxide Coating 

Black oxide coating, combined with an oil film, does little 
more than enhance the appearance of carbon steel fasteners. 
The oil film is the only part of the coating that prevents 
corrosion. 

Thread Lubricants 

Although there are many thread lubricants from which to 
choose, only a few common ones are covered here. The most 
common are oil, grease or wax, graphite, and molybdenum 
disulfide. There are also several proprietary lubricants such 
as Never-Seez and Synergistic Coatings. Some thread-locking 
compounds such as Loctite can also be used as lubricants for 
a bolted assembly, particularly the compounds that allow the 
bolts to be removed. A summary of thread lubricants is given 
in table III. 

Oil and Grease 

Although oil and grease are the most common types of thread 
lubricants, they are limited to an operating temperature not 
much greater than 250 °P. (Above this temperature the oil 
or grease will melt or boil off.) In addition, oil cannot be used 
in a vacuum environment. However, oil and grease are good 
for both lubrication and corrosion prevention as long as these 
precautions are observed. 
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TABLE I1l.-SUMMARY OF THREAD LUBRICANTS 

Type of lubricant Useful design Remarks 
temperature 

limit, 
OF 

Oil or grease 250 Most common; cannot be used in 
vacuum 

Graphite -212 to 250 Cannot be used in vacuum 

Molybdenum 750 Can be used in vacuum 
disulfide 

Synergistic 500 Can be used in vacuum 
Coatings 

Neverseez 2200 Because oil boils off, must be 
applied after each high-
temperature application 

Silver Goop 1500 Do not use on aluminum or 
magnesium parts; extremely 
expensive 

Thread-locking 275 "Removable fastener" compounds 
compounds only 

3Carrier boiloff temperarure. 

Graphite 

"Dry" graphite is really not dry. It is fine carbon powder 
that needs moisture (usually oil or water) to become a 
lubricant. Therefore, its maximum operating temperature is 
limited to the boiling point of the oil or water. It also cannot 
be used in a vacuum environment without losing its moisture. 
Because dry graphite is an abrasive, its use is detrimental to 
the bolted joint if the preceding limitations are exceeded. 

Molybdenum Disulfide 

Molybdenum disulfide is one of the most popular dry 
lubricants. It can be used in a vacuum environment but 
turns to molybdenum trisulfide at approximately 750 °P. 
Molybdenum trisulfide is an abrasive rather than a lubricant. 

Synergistic Coatings 

These proprietary coatings4 are a type of fluorocarbon 
injected and baked into a porous metal-matrix coating to give 
both corrosion prevention and lubrication. However, the 
maximum operating temperature given in their sales literature 
is 500 °P. Synergistic Coatings will also operate in a vacuum 
environment. 

Neverseez 

This proprietary compound 5 is a petroleum-base lubricant 
and anticorrodent that is satisfactory as a one-time lubricant 

"General Magnaplate Corporation, Ventura, California. 
5Bostic Emhart, Broadview, Illinois. 



up to 2200 of, according to the manufacturer. The oil boils 
off, but the compound leaves nongalling oxides of nickel, 
copper, and zinc between the threads. This allows the fastener 
to be removed, but a new application is required each time 
the fastener is installed. NASA Lewis personnel tested this 
compound and found it to be satisfactory. 

Silver Goop 

Silver Goop is a proprietary compound 6 containing 20 to 
30 percent silver. Silver Goop can be used to 1500 of, but 
it is not to be used on aluminum or magnesium. It is extremely 
expensive because of its silver content. 

Thread-Locking Compounds 

Some of the removable thread-locking compounds (such as 
Loctite) also serve as antigalling and lubricating substances. 
However, they are epoxies, which have a maximum operating 
temperature of approximately 275 of. 

Corrosion 

Galvanic Corrosion 

Galvanic corrosion is set up when two dissimilar metals are 
in the presence of an electrolyte, such as moisture. A galvanic 
cell is created and the most active (anode) of the two materials 
is eroded and deposited on the least active (cathode). Note that 
the farther apart two materials are in the following list, the 
greater the galvanic action between them. 

According to reference 2 the galvanic ranking of some 
common engineering materials is as follows: 

(1) Magnesium (most active) 
(2) Magnesium alloys 
(3) Zinc 
(4) Aluminum 5056 
(5) Aluminum 5052 
(6) Aluminum 1100 
(7) Cadmium 
(8) Aluminum 2024 
(9) Aluminum 7075 

(10) Mild steel 
(11) Cast iron 
(12) Ni-Resist 
(13) Type 410 stainless (active) 
(14) Type 304 stainless (active) 
(15) Type 316 stainless (active) 
(16) Lead 
(17) Tin 
(18) Muntz Metal 
(19) Nickel (active) 

6Swagelok Company, Solon, Ohio. 

(20) Inconel (active) 
(21 ) Yellow brass 
(22) Admiralty brass 
(23) Aluminum brass 
(24) Red brass 
(25) Copper 
(26) Silicon bronze 
(27) 70-30 Copper-nickel 
(28) Nickel (passive) 
(29) Inconel (passive) 
(30) Titanium 
(31) Monel 
(32) Type 304 stainless (passive) 
(33) Type 316 stainless (passive) 
(34) Silver 
(35) Graphite 
(36) Gold (least active) 

Note the difference between active and passive 304 and 316 
stainless steels. The difference here is that passivation of 
stainless steels is done either by oxidizing in an air furnace 
or treating the surface with an acid to cause an oxide to form. 
This oxide surface is quite inert in both cases and deters 
galvanic activity. 

Because the anode is eroded in a galvanic cell, it should be 
the larger mass in the cell. Therefore, it is poor design practice 
to use carbon steel fasteners in a stainless steel or copper 
assembly. Stainless steel fasteners can be used in carbon steel 
assemblies, since the carbon steel mass is the anode. 

Magnesium is frequently used in lightweight designs because 
of its high strength to weight ratio. However, it must be totally 
insulated from fasteners by an inert coating such as zinc 
chromate primer to prevent extreme galvanic corrosion. 
Cadmium- or zinc-plated fasteners are closest to magnesium 
in the galvanic series and would be the most compatible if the 
insulation coating were damaged. 

Stress Corrosion 

Stress corrosion occurs when a tensile-stressed part is placed 
in a corrosive environment. An otherwise ductile part will fail 
at a stress much lower than its yield strength because of surface 
imperfections (usually pits or cracks) created by the corrosive 
environment. In general, the higher the heat-treating temper
ature of the material (and the lower the ductility), the more 
susceptible it is to stress corrosion cracking. 

The fastener material manufacturers have been forced to 
develop alloys that are less sensitive to stress corrosion. Of 
the stainless steels, A286 is the best fastener material for 
aerospace usage. It is not susceptible to stress corrosion but 
usually is produced only up to 160-ksi strength (220-ksi A286 
fasteners are available on special order). The higher strength 
stainless steel fasteners (180 to 220 ksi) are usually made of 
17-7PH or 17-4PH, which are stress corrosion susceptible. 
Fasteners made of superalloys such as Inconel 718 or MP35N 
are available if cost and schedule are not restricted. 
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An alternative is to use a high-strength carbon steel (such 
as H -11 tool steel with an ultimate tensile strength of 300 ksi) 
and provide corrosion protection. However, it is preferable 
to use more fasteners of the ordinary variety and strength, if 
possible, than to use a few high-strength fasteners. High
strength fasteners (greater than 180 ksi) bring on problems 
such as brittleness, critical flaws, forged heads, cold rolling 
of threads, and the necessity for stringent quality control 
procedures. Quality control procedures such as x-ray, dye 
penetrant, magnetic particle, thread radius, and head radius 
inspections are commonly used for high-strength fasteners. 

Hydrogen Embrittlement 

Hydrogen embrittlement occurs whenever there is free 
hydrogen in close association with the metal. Since most 
plating processes are the electrolytic bath type, free hydrogen 
is present. There are three types of hydrogen-metal problems: 

(1) Hydrogen chemical reaction: Hydrogen reacts with the 
carbon in steel to form methane gas, which can lead to crack 
development and strength reduction. Hydrogen can also react 
with alloying elements such as titanium, niobium, or tantalum 
to form hydrides. Because the hydrides are not as strong as 
the parent alloy, they reduce the overall strength of the part. 

(2) Internal hydrogen embrittlement: Hydrogen can remain 
in solution interstitially (between lattices in the grain structure) 
and can cause delayed failures after proof testing. There is 
no external indication that the hydrogen is present. 

(3) Hydrogen environment embrittlement: This problem is 
only present in a high-pressure hydrogen environment such 
as a hydrogen storage tank. Unless a fastener was under stress 
inside such a pressure vessel, this condition would not be 
present. 

Most plating specifications now state that a plated carbon 
steel fastener "shall be baked for not less than 23 hours at 
375 ::I:: 25 OF within 2 hours after plating to provide hydrogen 
embrittlement relief' (per MIL-N-25027D). In the past the 
plating specifications required baking at 375 ::I:: 25 OF for only 
3 hours within 4 hours after plating. This treatment was found 
to be inadequate, and most plating specifications were revised 
in 1981-82 to reflect the longer baking time. Hydrogen 
embrittlement problems also increase as the fastener strength 
increases. 

Cadmium Embrittlement 

Although hydrogen embrittlement failure of materials is well 
documented (ref. 3), the effects of cadmium embrittlement are 
not. In general, hydrogen embrittlement failure of cadmium
plated parts can start as low as 325 of, but cadmium 
embrittlement can start around 400 of. Since both elements 
are normally present in elevated-temperature failure of 
cadmium-plated parts, the combined effect of the two can be 
disastrous. However, the individual effect of each is 
indeterminate. 
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Locking Methods 

Tapped Holes 

In a tapped hole the locking technique is normally on the 
fastener. One notable exception is the Spiralock 7 tap shown 
in figure 1. The Spiralock thread form has a 30 ° wedge ramp 
at its root. Under clamp load the crests of the male threads 
are wedged tightly against the ramp. This makes lateral 
movement, which causes loosening under vibration, nearly 
impossible. Independent tests by some of the aerospace 
companies have indicated that this type of thread is satisfactory 
for moderate resistance to vibration. The bolt can have a 
standard thread, since the tapped hole does all the locking. 

Locknuts 

There are various types of locking elements, with the 
common principle being to bind ( or wedge) the nut thread to 
the bolt threads. Some of the more common locknuts are 
covered here. 

Split beam.-The split-beam locknut (fig. 2) has slots in the 
top, and the thread diameter is undersized in the slotted 
portion. The nut spins freely until the bolt threads get to the 
slotted area. The split "beam" segments are deflected outward 
by the bolt, and a friction load results from binding of the 
mating threads. 

Wedge ramps resist 
transverse movement 

Figure l.-Spiralock thread. 

Full-height, 
heavy-duty hex 

Figure 2.-Split-beam locknut. 

7Distributed by Detroit Tap & Tool Company, Detroit, Michigan, through 
license from H.D. Holmes. 



! 
I 

(a) 

Out-of-round Barrel returns t~ 
upper barrel... elliptical shape 

... creates ... 
self-locking I 

action 
on bolt 

(b) 

(a) Before assembly. 
(b) Assembled. 

(c) After withdrawal. 

Figure 3.-Deformed-thread locknut. 
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(c) 

Deformed thread.-The deformed-thread locknut (fig. 3) 
is a common locknut, particularly in the aerospace industry. 
Its advantages are as follows: 

(1) The nut can be formed in one operation. 
(2) The temperature range is limited only by the parent 

metal, its plating, or both. 
(3) The nut can be reused approximately 10 times before 

it has to be discarded for loss of locking capability. 

Nylok pellet.-The Nylok8 pellet (of nylon) is usually 
installed in the nut threads as shown in figure 4. A pellet or 
patch projects from the threads. When mating threads engage, 
compression creates a counterforce that results in locking 
contact. The main drawback of this pellet is that its maximum 
operating temperature is approximately 250 of. The nylon 
pellet will also be damaged quickly by reassembly. 

Locking collar and seal.-A fiber or nylon washer is 
mounted in the top of the nut as shown in figure 5. The collar 
has an interference fit such that it binds on the bolt threads. 
It also provides some sealing action from gas and moisture 
leakage. Once again the limiting feature of this nut is the 
approximate 250 OF temperature limit of the locking collar. 

A cost-saving method sometimes used instead of a collar 
or nylon pellet is to bond a nylon patch on the threads of either 
the nut or the bolt to get some locking action. This method 
is also used on short thread lengths, where a drilled hole for 
a locking pellet could cause severe stress concentration. 

Castellated nut. -The castellated nut normally has six slots 
as shown in figure 6(a). The bolt has a single hole through 
its threaded end. The nut is torqued to its desired torque value. 
It is then rotated forward or backward (depending on the user's 

8Nylok Fastener Corporation, Rochester, Michigan. 

(a) 

r Nylok pellet 

(---..;~. ~ 
I 
LNut 

Figure 4.-Nylok pellet locknut. 

Collar 

Figure 5.-Locking collar. 

(b) 

(a) Slots. 

r Cotter 
_.c=:::o::::!\':/ pin 

(b) Cotter pin locking. 

Figure 6. -Castellated nut. 

preference) to the nearest slot that aligns with the drilled hole 
in the bolt. A cotter pin is then installed to lock the nut in 
place as shown in figure 6(b). This nut works extremely well 
for low-torque applications such as holding a wheel bearing 
in place. 

Jam nuts.-These nuts are normally "jammed" together 
as shown in figure 7, although the "experts" cannot agree 
on which nut should be on the bottom. However, this type 
of assembly is too unpredictable to be reliable. If the inner 
nut is torqued tighter than the outer nut, the inner nut will yield 
before the outer nut can pick up its full load. On the other 
hand, if the outer nut is tightened more than the inner nut, 
the inner nut unloads. Then the outer nut will yield before the 
inner nut can pick up its full load. It would be rare to get the 
correct amount of torque on each nut. A locknut is a much 
more practical choice than a regular nut and a jam nut. 
However, a jam nut can be used on a turnbuckle, where it 
does not carry any of the tension load. 
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Figure 7.-Jam nut. 

Figure 8.-Durlock nut. 

Serrated-face nut (or bolthead). - The serrated face of this 
nut (shown in fig. 8) digs into the bearing surface during final 
tightening. This means that it cannot be used with a washer 
or on surfaces where scratches or corrosion could be a 
problem. 

According to sps Technologies, their serrated-face bolts 
(Durlock 180) require 11 0 percent of tightening torque to 
loosen them. Their tests on these bolts have shown them to 
have excellent vibration resistance. 

Lockwiring.-Although lockwiring is a laborious method 
of preventing bolt or nut rotation, it is still used in critical 
applications, particularly in the aerospace field. The nuts 
usually have drilled corners, and the bolts either have 
throughholes in the head or drilled corners to thread the 
lockwire through. A typical bolthead lockwiring assembly is 
shown in figure 9(a), and a typical nut lockwiring assembly 
is shown in figure 9(b). 

(a) 

(b) 

(a) Multiple fastener application (double-twist method, single hole). 
(b) Castellated nuts on undrilled studs (double-twist method). 

Figure 9.-Lockwiring. 

Direct interfering thread.-A direct interfering thread has 
an oversized root diameter that gives a slight interference fit 
between the mating threads. It is commonly used on threaded 
studs for semipermanent installations, rather than on bolts and 
nuts, since the interference fit does damage the threads. 

Tapered thread. -The tapered thread is a variation of the 
direct interfering thread, but the difference is that the minor 
diameter is tapered to interfere on the last three or four threads 
of a nut or bolt as shown in figure 10. 

Nutplates.-A nutplate (fig. 11) is normally used as a blind 
nut. They can be fixed or floating. In addition, they can have 

Easy 
start 

~~e:;t Locking 

8 

action 
starts 

Figure 1O.-Tapered thread. 
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(a) (b) 

(a) Fixed. 
(b) Floating. 

Figure 11.-Nutplate. 

most of the locking and sealing features of a regular nut. 
Nutplates are usually used on materials too thin to tap. They 
are used primarily by the aerospace companies, since their 
installation is expensive. At least three drilled holes and two 
rivets are required for each nutplate installation. 

Locking Adhesives 

Many manufacturers make locking adhesives (or epoxies) 
for locking threads. Most major manufacturers make several 
grades of locking adhesive, so that the frequency of 
disassembly can be matched to the locking capability of the 
adhesive. For example, Loctite 242 is for removable fasteners, 
and Loctite 271 9 is for tamperproof fasteners. Other 
manufacturers such as Bostik, ND Industries, Nylock, 3M, and 
Permaloc make similar products. 

Most of these adhesives work in one of two ways. They are 
either a single mixture that hardens when it becomes a thin 
layer in the absence of air or an epoxy in two layers that does 
not harden until it is mixed and compressed between the mating 
threads. Note that the two-layer adhesives are usually put on 
the fastener as a "ribbon" or ring by the manufacturer. These 
ribbons or rings do have some shelf life, as long as they are 
not inadvertently mixed or damaged. 

These adhesives are usually effective as thread sealers as 
well. However, none of them will take high temperatures. The 
best adhesives will function at 450 OF; the worst ones will 
function at only 200 of. 

Washers 

Belleville Washers 

Belleville washers (fig. 12) are conical washers used more 
for maintaining a uniform tension load on a bolt than for 
locking. If they are not completely flattened out, they serve 
as a spring in the bolt joint. However, unless they have 
serrations on their surfaces, they have no significant locking 
capability. Of course, the serrations will damage the mating 
surfaces under them. These washers can be stacked in 

9Loctite Corporation, Newington, Connecticut. 

combinations as shown in figure 13 to either increase the total 
spring length (figs. 13(a) and (c» or increase the spring 
constant (fig. 13(b». 

Lockwashers 

The typical helical spring washer shown in figure 14 is made 
of slightly trapezoidal wire formed into a helix of one coil so 
that the free height is approximately twice the thickness of the 
washer cross section. They are usually made of hardened 
carbon steel, but they are also available in aluminum, silicon, 
bronze, phosphor-bronze, stainless steel, and K-Monel. 

The lockwasher serves as a spring while the bolt is being 
tightened. However, the washer is normally flat by the time 
the bolt is fully torqued. At this time it is equivalent to a solid 
flat washer, and its locking ability is nonexistent. In summary, 
a lockwasher of this type is useless for locking. 

(a) Smootb. 
(b) Serrated. 

Figure 12.-Types of Belleville washers. 
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(a) 

(a) In series. 
(b) In parallel. 

(c) In-parallel series. 

Figure l3.-Combinations of Belleville washers. 

Figure I4.-Helical spring washers. 

Tooth (or Star) Lockwashers 

Tooth lockwashers (fig. 15) are used with screws and nuts 
for some spring action but mostly for locking action. The teeth 
are formed in a twisted configuration with sharp edges. One 
edge bites into the bolthead (or nut) while the other edge bites 
into the mating surface. Although this washer does provide 
some locking action, it damages the mating surfaces. These 
scratches can cause crack formation in highly stressed 
fasteners, in mating parts, or both, as well as increased 
corrosion susceptibility. 

Self-Aligning Washers 

A self-aligning washer is used with a mating nut that has 
conical faces as shown in figure 16. Because there is both a 
weight penalty and a severe cost penalty for using this nut, 
it should be used only as a last resort. Maintaining parallel 
mating surfaces within acceptable limits (2 0 per SAE Handbook 
(ref. 4» is normally the better alternative. 

10 

(a) (b) 

(a) Flat. 
(b) Countersunk. 

Figure IS.-Tooth lockwashers. 

C So maximum misalignment of nut and 
bearing surface at assembly 

Figure l6.-Self-aligning nut. 

Inserts 

An insert is a special type of device that is threaded on its 
inside diameter and locked with threads or protrusions on its 
outside diameter in a drilled, molded, or tapped hole. It is used 
to provide a strong, wear-resistant tapped hole in a soft material 
such as plastic and nonferrous materials, as well as to repair 
stripped threads in a tapped hole. 

The aerospace industry uses inserts in tapped holes in soft 
materials in order to utilize small high-strength fasteners to 
save weight. The bigger external thread of the insert (nominally 
118 in. bigger in diameter than the internal thread) gives, for 
example, a 10-32 bolt in an equivalent 5/16-18 nut. 

In general, there are two types of inserts: those that are 
threaded externally, and those that are locked by some method 
other than threads (knurls, serrations, grooves, or interference 
fit). Within the threaded inserts there are three types: the wire 
thread, the self-tapping, and the solid bushing. 

Threaded Inserts 

Wire thread.-The wire thread type of insert (Heli-coil 1o) 

IOErnhart Fastening Systems Group, Heli-Coil Division, Danbury, 
Connecticut. 



(a) 

Figure I7.-Wire thread insert installation. 

(b) 

(a) Free running. 
(b) Locking. 

Figure IS.-Wire thread insert types. 

is a precision coil of diamond-shaped CRES wire that forms 
both external and internal threads as shown in figure 17. The 
coil is made slightly oversize so that it will have an interference 
fit in the tapped hole. In addition, this insert is available with 
a deformed coil (fig. 18) for additional locking. The tang is 
broken off at the notch after installation. 

The wire thread insert is the most popular type for repair 
of a tapped hole with stripped threads, since it requires the 
least amount of hole enlargement. However, the solid bushing 
insert is preferred if space permits. 

Self-tapping.-Most of the self-tapping inserts are the solid 
bushing type made with a tapered external thread similar to 
a self-tapping screw (fig. 19). There are several different 

(a) (b) 

(a) Slotted. 
(b) Nylok. 

Figure 19.-Self-tapping inserts. 

locking combinations, such as the Nylok plug (fig. 19(b» or 
the thread-forming Speedsertll deformed thread (fig. 20). An 
additional advantage of the thread-forming insert is that it 
generates no cutting chips, since it does not cut the threads. 
However, it can only be used in softer materials. 
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Figure 20.-Speedsert. 

llRexnord Specialty Fasteners Division, Torrance, California. 
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Solid bushing.-Solid bushing inserts have conventional 
threads both internally and externally. A popular type is the 
Keensert 11 shown in figure 21. The locking keys are driven 
in after the insert is in place. Another manufacturer uses a 
two-prong ring for locking. These inserts are also available 
with distorted external thread or Nylok plugs for locking. 

Nonthreaded Inserts 

Plastic expandable.-The most familiar of the nonthreaded 
inserts is the plastic expandable type shown in figure 22. This 
insert has barbs on the outside and longitudinal slits that allow 
it to expand outward as the threaded fastener is installed, 
pushing the barbs into the wall of the drilled hole. (See ref. 5.) 

Molded in place.-This type of insert (fig. 23) is knurled 
or serrated to resist both pullout and rotation. It is commonly 
used with ceramics, rubber, and plastics, since it can develop 
higher resistance to both pullout and rotation in these materials 
than self-tapping or conventionally threaded inserts. (See 
ref. 5.) 

Ultrasonic.-Ultrasonic inserts (fig. 24) have grooves in 
various directions to give them locking strength. They are 
installed in a prepared hole by pushing them in while they are 
being ultrasonically vibrated. The ultrasonic vibration melts 
the wall of the hole locally so that the insert grooves are 
"welded" in place. Since the area melted is small, these inserts 
do not have the holding power of those that are molded in 
place. Ultrasonic inserts are limited to use in thermoplastics. 
(See ref. 5.) 

Figure 21.-Keensert. 

Figure 22.-Plastic expandable insert. 
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Figure 23.-Molded-in-place insert. 

Figure 24. -Ultrasonic inserts. 

Threads 

Types of Threads 

Since complete information on most threads can be found 
in the ANSI standards (ref. 6), the SAE Handbook (ref. 4), and 
the National Institute of Standards and Technology (formerly 
the National Bureau of Standards) Handbook H-28 (ref. 7) 
no thread standards will be included in this handbook. The 
goal here is to explain the common thread types, along with 
their advantages and disadvantages. The common thread types 
are unified national coarse (UNC), unified national fine (UNF), 

unified national extra fine (UNEF), UNJC, UNJF, UNR, UNK, 

and constant-pitch threads. 
Unified national coarse.-UNC is the most commonly used 

thread on general-purpose fasteners. Coarse threads are deeper 
than fine threads and are easier to assemble without cross 
threading. The manufacturing tolerances can be larger than 
for finer threads, allowing for higher plating tolerances. UNC 

threads are normally easier to remove when corroded, owing 
to their sloppy fit. However, a UNC fastener can be procured 
with a class 3 (tighter) fit if needed (classes to be covered later). 

Unified national fine.-uNF thread has a larger minor 
diameter than UNC thread, which gives UNF fasteners slightly 
higher load-carrying and better torque-locking capabilities than 
UNC fasteners of the same identical material and outside 
diameter. The fine threads have tighter manufacturing 
tolerances than UNC threads, and the smaller lead angle allows 
for finer tension adjustment. UNF threads are the most widely 
used threads in the aerospace industry. 

Unified national extra fine.-uNEF is a still finer type of 
thread than UNF and is common to the aerospace field. This 
thread is particularly advantageous for tapped holes in hard 
materials and for thin threaded walls, as well as for tapped 
holes in thin materials. 



UNJC and UNJF threads.-"J" threads are made in both 
external and internal forms. The external thread has a much 
larger root radius than the corresponding UNC, UNR, UNK, or 
UNF threads. This radius is mandatory and its inspection is 
required, whereas no root radius is required on UNC, UNF, 

or UNEF threads. Since the larger root radius increases the 
minor diameter, a UNJF or UNJC fastener has a larger net tensile 
area than a corresponding UNF or UNC fastener. This root 
radius also gives a smaller stress concentration factor in the 
threaded section. Therefore, high-strength (2: 180 ksi) bolts 
usually have "J" threads. 

UNR threads.-The UNR external thread is a rolled UN 

thread in all respects except that the root radius must be 
rounded. However, the root radius and the minor diameter 
are not checked or toleranced. There is no internal UNR thread. 

UNK threads.-The UNK external threads are similar to UNR 

threads, except that the root radius and the minor diameter 
are toleranced and inspected. There is no internal UNK thread. 

According to a survey of manufacturers conducted by the 
Industrial Fasteners Institute, nearly all manufacturers of 
externally threaded fasteners make UNR rolled threads rather 
than plain UN. The only exception is for ground or cut threads. 

Constant-pitch threads.-These threads offer a selection of 
pitches that can be matched with various diameters to fit a 
particular design. This is a common practice for bolts of I-in. 
diameter and above, with the pitches of 8, 12, or 16 threads 
per inch being the most common. 

A graphical and tabular explanation of UN, UNR, UNK, and 
UNJ threads is given on page M-6 of reference 8. A copy 
(fig. 25) is enclosed here for reference. 

Classes of Threads 

Thread classes are distinguished from each other by the 
amounts of tolerance and allowance. The designations run from 
lA to 3A and 1B to 3B for external and internal threads, 
respectively. A class 1 is a looser fitting, general-purpose 
thread; a class 3 is the closer-toleranced aerospace standard 
thread. (The individual tolerances and sizes for the various 
classes are given in the SAE Handbook (ref 4).) 

Forming of Threads 

Threads may be cut, hot rolled, or cold rolled. The most 
common manufacturing method is to cold form both the head 
and the threads for bolts up to 1 in. in diameter. For bolts 
above I-in. diameter and high-strength smaller bolts, the heads 
are hot forged. The threads are still cold rolled until the bolt 
size prohibits the material displacement necessary to form the 
threads (up to a constant pitch of eight threads per inch). 
Threads are cut only at assembly with taps and dies or by lathe 
cutting. 

Cold rolling has the additional advantage of increasing the 
strength of the bolt threads through the high compressive 
surface stresses, similar to the effects of shot peening. This 
process makes the threads more resistant to fatigue cracking. 

Fatigue-Resistant Bolts 

If a bolt is cycled in tension, it will normally break near 
the end of the threaded portion because this is the area of 
maximum stress concentration. In order to lessen the stress 
concentration factor, the bolt shank can be machined down 
to the root diameter of the threads. Then it will survive tensile 
cyclic loading much longer than a standard bolt with the shank 
diameter equal to the thread outside diameter. 

Fatigue (Cyclic) Loading of Bolts 

The bolted joint in figure 26 (from ref. 9) is preloaded with 
an initial load Fi , which equals the clamping load Fe> before 
the external load Fe is applied. The equation (from ref. 11) 
for this assembly is 

where Fb is the total bolt load. In this equation Kb is the 
spring constant of the bolt and Ke is the spring constant of the 
clamped faces. To see the effects of the relative spring 
constants, let R = Ke/ Kb. Then (from ref. 10) 

Fb=F+(_I_)F 
I }+R e 

In a normal clamped joint Ke is much larger than Kb 
(R "'" 5.0 for steel bolt and flanges), so that the bolt load does 
not increase much as the initial external load Fe is applied. 
(Note that the bolt load does not increase significantly until 
Fe exceeds Fi.) 

In order to further clarify the effect of externally applied 
loads, a series of triangular diagrams (fig. 27, from ref. 11) 
can be used to illustrate loading conditions. 

Triangle OAB is identical in all four diagrams. The slope 
of OA represents the bolt stiffness; the slope of AB represents 
the joint stiffness (joint is stiffer than bolt by ratio OC/CB.) 
In figure 27(a) the externally applied load Fe(a) does not 
load the bolt to its yield point. In figure 27 (b) the bolt is loaded 
by Fe (b) to its yield point, with the corresponding decrease 
in clamping load to FCL • In figure 27(c) external load Fe(c) 
has caused the bolt to take a permanent elongation such that 
the clamping force will be less than Fi when Fe (c) is 
removed. In figure 27(d) the joint has completely separated 
on its way to bolt failure. 

Note that the flatter the slope of OA (or the larger the ratio 
OC/OB becomes), the smaller the effect Fe has on bolt load. 
Therefore, using more smaller-diameter fasteners rather than 
a few large-diameter fasteners will give a more fatigue-resistant 
joint. 

Referring to figure 27(a), note that the cyclic (alternating) 
load is that portion above Fi• This is the alternating load 
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Thi. PlOIIe i. not a .cr_ thr ..... tandard, Mould not be u .. d _ a woltling M .... and ahould only reler the r...t
_ III the Proc>- ANSI Standarda document wherein the full th ..... detail. on woltling data are contained. 

60· SCREW THREAD NOMINAL FORMS (SEE ANSI STANDARDS FOR FURTHER DETAILS) 

UN INTERNAL THREAD 

THREAD 
UN THREADS UNRTHREADS UNKTHREADS IDENnFICAnON UNJTHREADS 

Internal and External External Only External Only Internal and External 

Unilied Screw Threads 

Unilied Screw Threads 
81.1-1960 'See Page 

81.1-1960 tSee Page 
~7J Metric Translation 

ANSI) M-71 Metric Translation 
81.10-1968,Dralt! :Draltt 81.1510r Form 

STANDARDS 81.10-1968 UNR Addendum to ,Draltt 81.1410r Form and Conformance 1 No 

DOCUMENTS 81.1-1960 !See Page and Conformance Radius Required on 

Gages and Gaging lor M-191 Internal Thread, 

Unified Screw Threads 
Gages and Gaging lor 81.2-1966 
Unified Sc~w Threads 
81.2-1966 

EXTERNAL 
External Thread Root 

Externoi Th read Root 
External Th read Root External Thread Root 

may be Flat or Radius Mandatory Radius Mandatory 
ROOT 

Rounded Radius Required Check Required Check Required 

EXTERNAL External Thread Minor External Th read Minor External Thread Minor External Thread Minor 

MINOR Diameter is not Diameter is not Diameter is Diameter is 
DIAMETER foleranced Toleronced Toieronced Toleronced 

EXTERNAL UN Classes 1 A, 2A UNR Ctasses 1 A. 2A UNK Classes 2A 
UN) Class 3A Mate, 

THREADS and 3A and 3A and JA 
only with UN) Internal 
Threads 

No Internal Threads No Internal Threads UN) Classes 3B and 
INTERNAL UN Classes 1 8. 28 

De,ignated UNR DeSignated UNK JBG ,No Radius 
THREADS and 3B 

UNR Mote. with UN Mate, with UN or UNJ 
Required on Internal 

Inrernal Thread Internal Thread 
Thread: 

Individually Eq;;jvalent Individually Equivalent IndiVidually Equiyalent IndiVidually EqUivalent 
ANGLE AND to 50% 01 P.O. Tolerance to 50:~ 01 P.O. Tolerance to 40% of P.O. Tolerance to 40'.; of P.D Tolerance 

LEAD 
TOLERANCE Checked only when Checked only when Mandatory Ch eo Mandatory Check 

Specified Specified ReqUIred Required 

1 
o.~.~~ .. 

! 

NOTES: ). Refer to the appropriate Standards. as listed. for com· 
plete thread details and contormance data. The ao 
proonate current Standard IS the authontatlve document 

for complete details and data. and takes precedence 
over thiS sheet. 

2 These Standards may be obtained through ASME 

Figure 25.-Explanation of UN, UNR, UNK, and UNJ threads. (From ref. 8.) Reprinted with permission of Industrial Fasteners Institute. 
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(a) Bolted flanges with external load. 
(b) Free body with no external load. 

(c) Free body with external load. 

Figure 26.-Fatigue loading of bolts. 
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Figure 27.-Bolt external loading. 

(stress) to be used on a stress-versus-load-cycles diagram of 
the bolt material to predict the fatigue life of the bolts. Note 
that an initial preload Fi near the bolt yields minimizes cyclic 
loading. 

Thermal Cyclic Loading of Bolts 

If the bolt and joint are of different materials, an operating 
temperature higher or lower than the installation temperature 
can cause problems. Differential contraction can cause the joint 
to unload (or separate); differential expansion can cause 
overloading of the fasteners. In these cases it is common 
practice to use conical washers (see washer section of this 
manual) to give additional adjustments in fastener and joint 
loading. 

Fastener Torque 

Determining the proper torque for a fastener is the biggest 
problem in fastener installation. Some of the many variables 
causing problems are 

(1) The coefficient of friction between mating threads 
(2) The coefficient of friction between the bolthead (or nut) 

and its mating surface 
(3) The effect of bolt coatings and lubricants on the friction 

coefficients 
(4) The percentage of bolt tensile strength to be used for 

preload 
(5) Once agreement is reached on item 4, how to accurately 

determine this value 
(6) Relative spring rates of the structure and the bolts 
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::; TABLE IV.-COEFFICIENTS OF STATIC AND SLIDING FRICTION 
[From ref. 12.J 

Static Sliding 
Materials 

Dry Greasy Dry Greasy 

Hard steel on hard steel .................... 0.78(1) O.II(I,a) 0.42(2) O.029(5,k) 
O.23(1,b) O.081(5,e) 
O.15(I,c) O.080(5,i) 
O.II(I,d) O.058(5,j) 
O.OO75(l8,p) 0.084(5,d) 
O.OO52(18,h) O.105(5,k) 
... " ............ 0.096(5,1) 
................. 0.108(5,m) 

0.12(5,a) 
Mild steel on mild steel .................... 10.74(19) 1 ................. 0.57(3) O.09(3,a) 

· . . . . . . . . , . . . . . . . 0.19(3,u) 
Hard steel on graphite ...................... 10.21 (1) 10.09(I,a) .............. 
Hard steel on babbitt (ASTM No. I) .... 0.70(11) 0.23(1 ,b) 0.33(6) O.16(l,b) 

O.15(1,c) 0.06(1 ,c) 
0.08(1 ,d) O.II(I,d) 
0.085(1,e) · . . . . . . . . . . . . . 

Hard steel on babbitt (ASTM No.8) .... I 0.42(11) 10.17(1,b) 0.35(11) 0.14(I,b) 
O.II(I,c) 0.065(1 ,c) 
0.09(I,d) 0.07(1 ,d) 
0.08(1 ,e) 0.08(1I,h) 

Hard steel on babbitt (ASTM No. 10) ... 1 ........... 1 0.25(1 ,b) 0.13(1,b) 
0.12(I,c) 0.06(1 ,c) 
O.IO(I,d) 0.055(1 ,d) 
O.II(I,e) · . . . . . . . . . . . . . 

Mild steel on cadmium silver .............. · . . . . . . . . ' . . . . . . . 0.097(2,1) 
Mild steel on phosphor bronze ............ ................. 0.34(3) 0.173(2,1) 
Mild steel on copper lead .................. ................. 0.145(2,1) 
Mild steel on cast iron ...................... 0.183(15,c) 0.23(6) 0.133(2,1) 
Mild steel on lead ............................ 0.95(11) 0.5(1,1) 0.95(11) 0.3(11,1) 
Nickel on mild steel ......................... ................. 0.64(3) 0.178(3,x) 
Aluminum on mild steel .................... 0.61(8) ................. 0.47(3) .. ............ 
Magnesium on mild steel ................... ................. 0.42(3) · . . . . . . . . . . . . . 
Magnesium on magnesium ................. 0.6(22) 0.08(22,y) .............. 
Teflon on Teflon ............................. 0.04(22) ................. 0.04(22,1) 
Teflon on steel............................... 0.04(22) · . . . . . . . . . . . . . . . . 0.04(22,1) 

(I) Campbell, Trans. ASME, 1939; (2) Clarke, Lincoln, and Sterrett, Proc. API, 1935; (3) Beare 
and Bowden, Phil. Trails. Roy. Soc., 1985; (4) Dokos, Trails. ASME, 1946; (5) Boyd and Robertson, 
Trails. ASME, 1945; (6) Sachs, zeit f allgew. Math. alld Mech., 1924; (7) Honda and Yamada, 
Jour. I of M, 1925; (8) Tomlinson, Phil. Mag., 1929; (9) Morin, Acad. Roy. des Sciences, 1838; 
(10) Claypoole, TraIlS. ASME, 1943; (11) Tabor, Jour. Applied Phys., 1945; (12) Eyssen, General 
Discussion on Lubrication, ASME, 1937; (13) Brazier and Holland-Bowyer, General Discussion 
on Lubrication, ASME, 1937; (14) Burwell; Jour. SAE, 1942; (15) Stanton, "Friction", Longmans; 
(16) Ernst and Merchant, Conference on Friction and Surface Finish, M.l.T., 1940; (17) Gongwer. 
Conference on Friction and Surface Finish, M.l.T., 1940; (18) Hardy and Bircumshaw, Proc. Roy. 

Static 1 Sliding 
Materials 

Dry Greasy 
1 

Dry 
1 

Greasy 

Tungsten carbide on tungsten carbide .... 0.2(22) 0.12(22,a) I .......... · I .............. 
Tungsten carbide on steel .................. 0.5(22) 0.08 (22,a) 
Tungsten carbide on copper ................ 0.35(23) ................. .. ............ 
Tungsten carbide on iron ................... 0.8(23) ................. · . , . . . . . . . . . . . 
Bonded carbide on copper .................. 0.35(23) ................. . ............. 
Bonded carbide on iron ..................... 0.8(23) ................. .. ............ 
Cadmiulll on mild steel ..................... · . . . . . . . . . . . . . . . . 0.46(3) .............. 
Copper on mild steel ........................ 0.53(8) . ................ 0.36(3) 0.18( 17 ,a) 
Nickel on nickel .............................. 1.10(16) ................. 0.53(3) O.12(3,w) 
Brass on mild steel .......................... 0.51(8) · . . . . . . . . . . . . . . . . 0.44(6) · . . . . . . . . . . . . . 
Brass on cast iron ............................ . ................ 0.30(6) . ..... " ...... 
Zinc on cast iron ............................. 0.85(16) · . . . . . . . . . . . . . . . . 0.21(7) 
Magnesium on cast iron .................... ................. 0.25(7) . ............. 
Copper on cast iron ......................... 1.05(16) ................. 0.29(7) .. ............ 
Tin on cast iron .............................. ................. 0.32(7) 
Lead on cast iron ............................ . ....... " ....... 0.43(7) . ............. 
Aluminum on aluminum .................... 1.05(16) · . . . . . . . , . . . . . . . . 1.4(3) .............. 
Glass on glass ................................ 0.94(8) O.OI(IO,p) 0.40(3) 0.09(3,a) 

0.005(IO,q) 0.116(3,v) 
Carbon on glass .............................. ................. 0.18(3) .. ............ 
Garnet on mild steel ......................... ................. 0.39(3) .. ............ 
Glass on nickel ............................... 0.78(8) ................. 0.56(3) · . . . . . . . . . . . . . 
Copper on glass .............................. 0.68(8) ................. 0.53(3) . ............. 
Cast iron on cast iron ....................... 1.10(16) .. ............... 0.15(9) 0.070(9,d) 

· . . . . . . . . . . . . . . . . 0.064(9,n) 
Bronze on cast iron .......................... ................. 0.22(9) 0.77(9,n) 
Oak on oak (parallel to grain) ............. 0.62(9) ................. 0.48(9) 0.164(9,r) 

................. 0.067(9,s) 
Oak on oak (perpendicular) ................ 0.54(9) · . . . . . . . . . . . . . . . . 0.32(9) 0.072(9,s) 
Leather on oak (parallel) ................... 0.61(9) . ................ 0.52(9) 
Cast iron on oak ............................. . ................ 0.49(9) 0.075(9,n) 
Leather on cast iron ......................... . ................ 0.56(9) 0.36(9,t) 

. ................ 0.13(9,n) 
Laminated plastic on steel .................. · . . . . . . . . . . . . . . . . 0.35(12) 0.05(12,1) 
Fluted rubber bearing on steel ............ ................. 0.05(13,t) 

Soc., 1925; (19) Hardy and Hardy, Phil. Mag., 1919; (20) Bowden and Young, Proc. Roy. Soc., 
1951; (21) Hardy and Doubleday, Proc. Roy. Soc., 1923; (22) Bowden and Tabor, "The Friction 
and Lubrication of Solids." Oxford; (23) Shooter, Research, 4, 1951. 

(a) Oleic acid; (b) Atlantic spindle oil (light mineral); (c) castor oil; (d) lard oil; (e) Atlantic spindle 
oil plus 2 percent oleic acid; (I) medium mineral oil; (g) medium mineral oil plus '/2 percent oleic 
acid; (h) stearic acid; (i) grease (zinc oxide base); U) graphite; (k) turbine oil plus I percent graphite; 
(I) turbine oil plus I percent stearic acid; (m) turbine oil (medium mineral); (n) olive oil; (1') palmitic 
acid; (q) ricinoleic acid; (r) dry soap; (s) lard; (t) water; (u) rape oil; (v) 3-in-1 oil; (w) octyl alcohol; 
(x) triolein; (y) I percent lauric acid in paraffin oil. 

Reprinted from Baumeister, et al. "Mark's Standard Handbook for Mechanical Engineers," 8th ed., 1978, with permission of McGraw-Hill Book Co., Inc. 



(7) Interaction formulas to be used for combining simul
taneous shear and tension loads on a bolt (Should 
friction loads due to bolt clamping action be included 
in the interaction calculations?) 

(S) Whether "running torque" for a locking device should 
be added to the normal torque 

Development of Torque Tables 

The coefficient of friction can vary from 0.04 to 1.10, 
depending on the materials and the lubricants being used 
between mating materials. (Table IV from ref. 12 gives a 
variety of friction coefficients.) Since calculated torque values 
are a function of the friction coefficients between mating 
threads and between the bolthead or nut and its mating surface, 
it is vitally important that the torque table values used are 
adjusted to reflect any differences in friction coefficients 
between those used to calculate the table and the user's values. 
Running torque should be included in the values listed in the 
tables because any torque puts shear load on the bolt. 

The torque values in table V have been calculated as noted 
in the footnotes, by using formulas from reference 13. (A 
similar table was published in Product Engineering by Arthur 
Korn around 1944.) 

Higher torques (up to theoretical yield) are sometimes used 
for bolts that cannot be locked to resist vibration. The higher 
load will increase the vibration resistance of the bolt, but the 
bolt will yield and unload if its yield point is inadvertently 
exceeded. Since the exact yield torque cannot be determined 
without extensive instrumentation, it is not advisable to torque 
close to the bolt yield point. 

Fastener proof load is sometimes listed in the literature. This 
value is usually 75 percent of theoretical yield, to prevent 
inadvertent yielding of the fastener through torque 
measurement inaccuracies. 

Alternative Torque Formula 

A popular formula for quick bolt torque calculations is 
T = KFd, where T denotes torque, F denotes axial load, d 
denotes bolt diameter, and K(torque coefficient) is a calculated 
value from the formula: 

K ( dm) tan 1/;+1-' sec a 6 = - + O. 251-'c 
2d 1-1-' tan I/; sec a 

as given in reference 14 (p. 37S) where 

dm thread mean diameter 

I-'c 

thread helix angle 

friction coefficient between threads 

thread angle 

friction coefficient between bolthead (or nut) and 
clamping surface 

The commonly assumed value for K is 0.2, but this value 
should not be used blindly. Table VI gives some calculated 
values of K for various friction coefficients. A more realistic 
"typical" value for K would be 0.15 for steel on steel. Note 
that I-' and I-'c are not necessarily equal, although equal values 
were used for the calculated values in table VI. 

Torque-Measuring Methods 

A number of torque-measuring methods exist, starting with 
the mechanic's "feel" and ending with installing strain gages 
on the bolt. The accuracy in determining the applied torque 
values is cost dependent. Tables VII and VIII are by two 
different' 'experts," and their numbers vary. However, they 
both show the same trends of cost versus torque accuracy. 

Design Criteria 

Finding Shear Loads on Fastener Group 

When the load on a fastener group is eccentric, the first task 
is to find the centroid of the group. In many cases the pattern 
will be symmetrical, as shown in figure 2S. The next step is 
to divide the load R by the number of fasteners n to get the 
direct shear load Pc (fig. 29(a)). Next, find Er~ for the group 
of fasteners, where rn is the radial distance of each fastener 
from the centroid of the group. Now calculate the moment 
about the centroid (M = Re from fig. 2S). The contributing 
shear load for a particular fastener due to the moment can be 
found by the formula 

where r is the distance (in inches) from the centroid to the 
fastener in question (usually the outermost one). Note that this 
is analogous to the torsion formula, f = Tr/J, except that Pe 

is in pounds instead of stress. The two loads (Pc and Pe) can 
now be added vectorally as shown in figure 29( c) to get the 
resultant shear load P (in pounds) on each fastener. Note that 
the fastener areas are all the same here. If they are unequal, 
the areas must be weighted for determining the centroid of 
the pattern. 

Further information on this subject may be found in 
references 16 and 17. 

Finding Tension Loads on Fastener Group 

This procedure is similar to the shear load determination, 
except that the centroid of the fastener group may not be the 
geometric centroid. This method is illustrated by the bolted 
bracket shown in figure 30. 

The pattern of eight fasteners is symmetrical, so that the 
tension load per fastener from P1 will be P1/S. The additional 
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TABLE V.-BOLT TORQUE 

[No lubrication on threads. Torque values are 
based on friction coefficients of 0.12 between 
threads and 0.14 between nut and washer or 
head and washer, as manufactured (no special 
cleaning) .] 

Size Root area, Torque range 
in.2 (class 8, 150 ksi, 

bolts a) 

10-24 0.0145 23 to 34 in. -Ib 
10-32 .0175 29 to 43 in.-Ib 
1,4-20 .0269 54 to 81 in.-Ib 
1,4-4-28 .0326 68 to 102 in.-Ib 
5/16-18 .0454 117 to 176 in.-Ib 
5/16-24 .0524 139 to 208 in.-Ib 
%-16 . 0678 205 to 308 in.-Ib 
%-24 .0809 230 to 345 in.-Ib 
7/16-14 .0903 28 to 42 ft-Ib 
7/16-20 .1090 33 to 50 ft-Ib 
1,2-13 .1257 42 to 64 ft-Ib 
1,2-20 .1486 52 to 77 ft-Ib 
9/16-12 .1620 61 to 91 ft-Ib 
9/16-18 .1888 73 to 109 ft-Ib 
%-11 .2018 84 to 126 ft-Ib 
%-18 .2400 104 to 156 ft-Ib 
*-10 .3020 b117 to 176 ft-Ib 
*-16 .3513 b139 to 208 ft-Ib 
'i's-9 .4193 b184 to 276 ft-Ib 
'i's-14 .4805 b213 to 320 ft-Ib 
1-8 .5510 b276 to 414 ft-Ib 
1-14 .6464 b323 to 485 ft-Ib 
11/8-7 .6931 b390 to 585 ft-Ib 
1 \4-12 .8118 b465 to 698 ft-Ib 
11,4-7 .8898 b559 to 838 ft-Ib 
11,4-12 1.0238 b655 to 982 ft-Ib 

aThe values given are 50 and 75 percent of theoretical yield 
strength of a bolt material with a yield of 120 ksi. Corre
sponding values for materials with different yield strengths 
can be obtained by multiplying these table values by the ratio 
of the respective material yield strengths. 

bBolts of O.75-in. diameter and larger have reduced allow
abIes (75 percent of normal strength) owing to inability 
to heat treat this large a cross section to an even hardness. 

Reprinted from Machine Design. Nov. 19, 1987. Copyrigbt, 1987 by Penton Publishing, Inc., 
Cleveland, OH. 

TABLE Vl.-TORQUE COEFFICIENTS 

Friction coefficient Torque 
coefficient, 

Between Between K 
threads, bolthead 

P- (or nut) 
and clamping 

surface, 

P-c 

0.05 0.05 0.074 
.10 .10 .133 
.15 .15 .189 
.20 .20 .250 
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TABLE Vll.-INDUSTRIAL FASTENERS 
INSTITUTE'S TORQUE-MEASURING METHOD 

[From ref. 8.] 

Preload measuring method Accuracy, Relative cost 
percent 

Feel (operator's judgment) ±35 1 
Torque wrench ±25 1.5 
Tum of the nut ±15 3 
Load-indicating washers ±10 7 
Fastener elongation ±3 to 5 15 
Strain gages ±1 20 

moment P2h will also produce a tensile load on some 
fasteners, but the problem is to determine the "neutral axis" 
line where the bracket will go from tension to compression . 
If the plate is thick enough to take the entire moment P2h in 
bending at the edge AB, that line could be used as the heeling 
point, or neutral axis. However, in this case, I have taken the 
conservative approach that the plate will not take the bending 
and will heel at the line CD. Now the ET~ will only include 
bolts 3 to 8, and the Tn'S (in inches) will be measured from 
line CD. Bolts 7 and 8 will have the highest tensile loads (in 
pounds), which will be P = PT + PM, where PT = Pl /8 and 

An alternative way of stating this relationship is that the bolt 
load is proportional to its distance from the pivot axis and the 
moment reacted is proportional to the sum of the squares of 
the respective fastener distances from the pivot axis. 

At this point the applied total tensile load should be compared 
with the total tensile load due to fastener torque. The torque 
should be high enough to exceed the maximum applied tensile 
load in order to avoid joint loosening or leaking. If the bracket 
geometry is such that its bending capability cannot be readily 
determined, a finite element analysis of the bracket itself may 
be required. 

Combining Shear and Tensile Fastener Loads 

When a fastener is subjected to both tensile and shear loading 
simultaneously, the combined load must be compared with the 
total strength of the fastener. Load ratios and interaction curves 
are used to make this comparison. The load ratios are 

Actual shear load 
Rs(or R1) = ------

Allowable shear load 

Actual tensile load 
RT(or R2) = -------

Allowable tensile load 



TABLE VIlI.-MACHINE DESIGN'S TORQUE-MEASURING METHOD 

[From ref. 15.] 

(a) Typical tool accuracies 

Type of Element Typical 
tool controlled accuracy range, 

percent of 
full scale 

Slug wrench Turn I Flat 
Bar torque wrench Torque ±3 to 15 

Turn 114 Flat 
Impact wrench Torque ±1O to 30 

Turn ±1O to 20° 
Hydraulic wrench Torque ±3to±1O 

Turn ±5 to 10' 
Gearhead air- Torque ±lOto ±20 
powered wrench Turn ±5 to 10° 

Mechanical Torque ±5 to 20 
multiplier Turn ±2 to 10' 

Worm-gear torque Torque ±0.25 to 5 
wrench Turn ±lt05' 

Digital torque Torque ± 114 to I 
wrench Turn 114 Flat 

Ultrasonically Bolt elongation ± I to 10 
controlled wrench 

Hydraulic tensioner Initial bolt ±I to 5 
stretch 

Computer-controlled Simultaneous ±0.5 to 2 
tensioning torque and turn 

(b) Control accuracies 

Element Preload accuracy, To maximize accuracy 
controlled percent 

Torque ±15 to ±30 Control bolt, nut, and washer hardness, 
dimensions, and finish. Have consistent 
lubricant conditions, quantities, applica-
tion, and types. 

Turn ±15to±30 Use consistent snug torque. Control part 
geometry and finish. Use new sockets 
and fresh lubes. 

Torque and turn ±lOto±25 Plot torque vs turn and compare to pre-
viously derived set of curves. Control 
bolt hardness, finish, and geometry. 

Torque past yield ±3to±1O Use "soft" bolts and tighten well past 
yield point. Use consistent snugging 
torque. Control bolt hardness and 
dimensons. 

Bolt stretch ± I to ±8 Use bolts with flat, parallel ends. Leave 
transducer engaged during tightening 
operation. Mount transducer on bolt 
centerline. 
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The interaction curves of figure 31 are a series of curves with 
their corresponding empirical equations. The most 
conservative is Rl + R2 = 1 and the least conservative is 
Rr + Ri = 1. This series of curves is from an old edition of 
MIL-HDBK-S. It has been replaced by a single formula, 
R~ + Rf = 1, in the latest edition (ref. 18). However, it is 
better to use RT + Rs = 1 if the design can be conservative 
with respect to weight and stress. 

Note that the interaction curves do not take into consideration 
the friction loads from the clamped surfaces in arriving at bolt 
shear loads. In some cases the friction load could reduce the 
bolt shear load substantially. 

Shear, Rs (or R1) 

Figure 29.-Combining of shear and moment loading. Figure 31.-Interaction curves. 
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Figure 30.-Bolted bracket. 



The margin of safety 12 for a fastener from figure 31 is 

1 
MS= -1 

R~ + R~ 

depending on which curve is used. However, note that 
R~ + R~ < 1 is a requirement for a positive margin of safety. 
This formula also illustrates why high torque should not be 
applied to a bolt when the dominant load is shear. 

The margin of safety is calculated for both yield and ultimate 
material allowables, with the most critical value controlling 
the design. A material with a low yield will be critical for yield 
stress, and a material with a high yield will normally be critical 
for ultimate stress. 

Calculating Pullout Load for Threaded Hole 

In many cases a bolt of one material may be installed in a 
tapped hole in a different (and frequently lower strength) 
material. If the full strength of the bolt is required, the depth 
of the tapped hole must be determined for the weaker material 
by using the formula 

where 

P pullout load, lb 

dm mean diameter of threaded hole, in. ("'" pitch diameter 
of threads) 

Fs material ultimate or yield shear stress 

L length of thread engagement, in. 

The % factor is empirical. If the threads were perfectly 
mated, this factor would be Yz, since the total cylindrical shell 
area of the hole would be split equally between the bolt threads 
and the tapped hole threads. The % is used to allow for 
mismatch between threads. 

Further information on required tapped hole lengths is given 
in reference 19. 

Calculating Shank Diameter for "Number" Fastener 

The shank diameter for a "number" fastener is calculated 
from 

Diameter = 0.060 + 0.013 N 

12Margin of safety is defined as 

Allowable load (Stress) 
---------- - 1 
Actual load (Stress) X Safety factor 

where N is the number (4, 6, 8, 10, 12) of the fastener. For 
example, the shank diameter of a no. 8 fastener is 

Diameter = 0.060 + 0.013(8) = 0.164 in. 

Fastener Groups in Bearing (Shear Loading) 

Whenever possible, bolts in shear should have a higher shear 
strength than the bearing yield strength of the materials they 
go through. Since the bolts have some clearance and position 
tolerances in their respective holes, the sheet material must 
yield in bearing to allow the bolt pattern to load all of the bolts 
equally at a given location in the pattern. Note that the sloppier 
the hole locations, the more an individual bolt must carry 
before the load is distributed over the pattern. 

Bolts and rivets should not be used together to carry a load, 
since the rivets are usually installed with an interference fit. 
Thus, the rivets will carry all of the load until the sheet or 
the rivets yield enough for the bolts to pick up some load. This 
policy also applies to bolts and dowel pins (or roll pins) in 
a pattern, since these pins also have interference fits. 

Fastener Edge Distance and Spacing 

Common design practice is to use a nominal edge distance 
of 2D from the fastener hole centerline, where D is the fastener 
diameter. The minimum edge distance should not be less than 
l.5D. The nominal distance between fasteners is 4D, but the 
thickness of the materials being joined can be a significant 
factor. For thin materials, buckling between fasteners can be 
a problem. A wider spacing can be used on thicker sheets, 
as long as sealing of surfaces between fasteners is not a 
problem. 

Approximate Bearing and Shear Allowables 

In the absence of specific shear and bearing allow abIes for 
materials, the following approximations may be used: 

Alloy and carbon steels: Fsu = 0.6 Ftu 

Stainless steels: Fsu = 0.55 Ftu 

where Fsu is ultimate shear stress and Ftu is ultimate tensile 
stress. Since bearing stress allowables are empirical to begin 
with, the bearing allowable for any given metallic alloy may 
be approximated as follows: 

where Fbu is ultimate bearing stress, Fby is yield bearing 
stress, and Fty is tensile yield stress. 
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Proper Fastener Geometry 

Most military standard (MS) and national aerospace standard 
(NAS) fasteners have coded callouts that tell the diameter, grip 
length, drilling of the head or shank, and the material (where 
the fastener is available in more than one material). Rather 
than listing a group of definitions, it is easier to use the 
NAS 1003 to NAS 1020 (fig. 32) as an example to point out 
the following: 

(1) The last two digits give the fastener diameter in 
sixteenths of an inch. 

(2) The first dash number is the grip length in sixteenths 
of an inch. 

(3) The letters given with the dash number indicate the head 
and/or shank drilling. 
In addition, an identifying letter or dash number is added to 
indicate the fastener material. However, this systematic 
practice is not rigidly followed in all MS and NAS fastener 
standards. 

Shear Heads and Nuts 

In the aerospace industry the general ground rule is to design 
such that fasteners are primarily in shear rather than tension. 
As a result, many boltheads and nuts are made about one-half 
as thick as normal to save weight. These bolts and nuts are 
referred to as shear bolts and shear nuts, and care must be 
used in never specifying them for tension applications. The 
torque table values must also be reduced to one-half for these 
bolts and nuts. 

Use of Proper Grip Length 

Standard design practice is to choose a grip length such that 
the threads are never in bearing (shear). Where an exact grip 
length is not available, the thickness of the washers used under 
the nut or bolthead can be varied enough to allow proper grip. 

Bolthead and Screwhead Styles 

Although the difference between bolts and screws is not 
clearly defined by industry, at least the head styles are fairly 
well defined. The only discrepancy found in figure 33 is that 
the plain head, with a square shoulder, is more commonly 
called a carriage bolthead. The angle of countersunk heads 
(flat) can vary from 60° to 120°, but the common values are 
82 0 and 100°. 
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Counterfeit Fasteners 

In the past two years a great deal of concern and publicity 
about counterfeit fasteners has surfaced. The counterfeit case 
with the most documentation is the deliberate marking of 
grade 8.2 boron bolts as grade 8 bolts. 

Grade 8.2 bolts are a low-carbon (0.22 percent C) boron 
alloy steel that can be heat treated to the same room
temperature hardness as grade 8 medium-carbon (0.37 per
cent C) steel. However, the room- and elevated-temperature 
strengths of the grade 8.2 bolts drop drastically if they are 
exposed to temperatures above 500 OF. Grade 8 bolts can be 
used to 800 OF with little loss of room-temperature strength. 

Other fasteners marked as MS and NAS but not up to the 
respective MS or NAS specification have shown up; however, 
documentation is not readily available. Since these fasteners 
are imported and have no manufacturer's identification mark 
on them, it is not possible to trace them back to the gUilty 
manufacturer. U.S. Customs inspections have not been 
effective in intercepting counterfeit fasteners. 

Another problem with fasteners has been the substitution 
of zinc coating for cadmium coating. If a dye is used with the 
zinc, the only way to detect the difference in coatings is by 
chemical testing. 

Federal legislation to establish control of fastener materials 
from the material producer to the consumer is being 
formulated. 

Bolthead Identification 

Identifying an existing non-MS, non-NAS, or non-Air Force
Navy bolt is usually a problem. Each manufacturer seems to 
have a different system. Frank Akstens of Fastener Technology 
International magazine (ref. 20) has compiled a good listing 
of several hundred "common" bolts. His entire compilation 
is enclosed as appendix A of this report. An international guide 
to bolt manufacturer's identification symbols has also been 
published by Fastener Technology International magazine. 

Fastener Strength 

Allowable strengths for many types of fasteners are given 
in MIL-HDBK-5 (ref. 18). Ultimate shear and tensile 
strengths of various threaded fasteners are given in 
appendix B of this report. 
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Figure 33.-Bolthead and screwhead styles. 

Rivets and Lockbolts 

Rivets 

Rivets are relatively low-cost, permanently installed 
fasteners that are lighter weight than bolts. As a result, they 
are the most widely used fasteners in the aircraft manufacturing 
industry. They are faster to install than bolts and nuts, since 
they adapt well· to automatic, high-speed installation tools. 
However, rivets should not be used in thick materials or in 
tensile applications, as their tensile strengths are quite low 
relative to their shear strengths. The longer the total grip length 
(the total thickness of sheets being joined), the more difficult 
it becomes to lock the rivet. 

Riveted joints are neither airtight nor watertight unless 
special seals or coatings are used. Since rivets are permanently 
installed, they have to be removed by drilling them out, a 
laborious task. 

General Rivet Types 

The general types of rivets are solid, blind, tubular, and 
metal piercing (including split rivets). From a structural design 
aspect the most important rivets are the solid and blind rivets. 

Solid rivets.-Most solid rivets are made of aluminum so 
that the shop head can be cold formed by bucking it with a 
pneumatic hammer. Thus, solid rivets must have cold-forming 
capability without cracking. A representative listing of solid 
rivets is given in table IX (ref. 21). Some other solid rivet 
materials are brass, SAE 1006 to SAE 1035, 1108 and 1109 
steels, A286 stainless steel, and titanium. 

Note that the rivets in table IX are covered by military 
standard specifications, which are readily available. Although 
most of the solid rivets listed in table IX have universal heads, 
there are other common head types, as shown in figure 34. 
However, because the "experts" do not necessarily agree on 
the names, other names have been added to the figure. Note 
also that the countersunk head angle can vary from 600 to 1200 

although 82 0 and 1000 are the common angles. 
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TABLE IX.-ALUMINUM AND OTHER RIVET MATERIALS 

[From ref. 21.] 

Material Rivet Rivet heads Applications 
designation available 

2117-T4 AD Universal (MS20470) General use for 
100· Flush (MS20426) most applications 

2024-T4 DD Universal (MS20470) Use only as an 
100· Flush (MS20426) alternative to 

7050-T73 where 
higher strength 
is required 

1100 A Universal (MS20470) Nonstructural 
100· Flush (MS20426) 

5056-H32 B Universal (MS20470) Joints containing 
100· Flush (MS20426) magnesium 

Monel M Universal (MS20615) Joining stainless 
(annealed) 100· Flush (MS20427) steels, titanium, 

and Inoonel 

Copper --- 100· Flush (MS20427) Nonstructural 
(annealed) 

7050-T73 E Universal (MS20470) Use only where 
100· Flush (MS20426) higher strength 

is required 

The sharp edge of the countersunk head is also removed in 
some cases, as in the Briles 13 BRFZ "fast" rivet (fig. 35), to 
increase the shear and fatigue strength while still maintaining 
a flush fit. 

Blind rivets.-Blind rivets get their name from the fact that 
they can be completely installed from one side. They have the 
following significant advantages over solid rivets: 

(1) Only one operator is required for installation. 
(2) The installation tool is portable (comparable to an 

electric drill in size). 

13Briles Rivet Corporation, Oceanside, California. 
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Figure 34.-United States standard rivet heads. 

Shear-bearing area 

Figure 35.-BRFz 'fast' rivet. 

(3) They can be used where only one side of the workpiece 
is accessible. 

(4) A given-length rivet can be used for a range of material 
thicknesses. 

(5) Installation time is faster than with solid rivets. 
(6) Clamping force is more uniform than with solid rivets. 
(7) Less training is required for the operator. 

Blind rivets are classified according to the methods used to 
install them: 

(1) Pull mandrel 
(2) Threaded stem 
(3) Drive pin 

Specific types (brands) of blind rivets are covered in 
subsequent sections of this manual. 

Pull-mandrel rivets: This rivet is installed with a tool that 
applies force to the rivet head while pulling a prenotched 
serrated mandrel through to expand the far side of the tubular 
rivet. When the proper load is reached, the mandrel breaks 
at the notch. A generic pull-mandrel rivet is shown in 
figure 36. 

Threaded-stem rivets: The threaded-stem rivet (fig. 37(a» 
has a threaded internal mandrel (stem) with the external portion 
machined flat on two sides for the tool to grip and rotate. The 
head is normally hexagonal to prevent rotation of the tubular 
body while the mandrel in being torqued and broken off. 

Drive-pin rivets: This rivet has a drive pin that spreads the 
far side of the rivet to form a head, as shown in figure 38. 
Although drive-pin rivets can be installed quickly, they are 

Rivet inserted 

Start setting 

Figure 36.-Pull-mandrel rivet. (From ref. 5.) 

usually not used in aerospace applications. They are used 
primarily for commercial sheet metal applications. 

Tubular rivets.-Tubular rivets are partially hollow and 
come in a variety of configurations. The generic form has a 
manufactured head on one side and a hollow end that sticks 
through the pieces being joined. The hollow end is cold formed 
to a field head. 

Since extensive cold forming is required on these rivets, they 
must be extremely ductile and are consequently made of low
strength materials. They are normally used for commercial 
applications rather than in the aerospace industry. 

Some specific types of tubular rivets are 
(1) Compression 
(2) Semitubular 
(3) Full tubular 
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Inserted Installed 

Inserted Installed 

(a) (b) 

(a) One-piece body. (From ref. 5.) 
(b) Two-piece body. (From ref. 22.) 

Figure 37.-Threaded-stem rivets. 

n-\ 
I I 

I I 

Figure 38.-Drive-pin rivet. (From ref. 5.) g 
Figure 39. -Compression tubular rivet. (From ref. 5.) 

Compression tubular rivets: A compression tubular rivet 
(fig. 39) consists of two parts that have an interference fit when 
driven together. These rivets are used commercially in soft 
materials and where a good appearance is required on both 
sides of the part. 

Semitubular rivets: The semitubular rivet (fig. 40) has a hole 
in the field end (hole depth to 1.12 of shank diameter) such 
that the rivet approaches a solid rivet when the field head is 
formed. 

Full tubular rivets: The full tubular rivet (fig. 41) has a 
deeper hole than the semitubular rivet. It is a weaker rivet than 
the semitubular rivet, but it can pierce softer materials such 
as plastic or fabric. 

Metal-piercing rivets.-Metal piercing rivets (fig. 42) are 
similar to semitubular rivets, except that they have greater 
column strength. Part of the sandwich material is not drilled, 
and the rivet pierces all the way or most of the way through 
while mushrooming out to a locked position. 
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Figure 40.-Semitubular rivet. (From ref. 5.) 

Figure 41.-Full tubular rivet. (From ref. 5.) 
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Figure 42.-Metal-piercing rivet. (From ref. 5.) 

Figure 43. -Split (bifurcated) rivet. (From ref. 5.) 

Split rivets.-Split (bifurcated) rivets (fig. 43) are the 
standard "home repair" rivets. They have sawed or split 
bodies with sharp ends to make their own holes through 
leather, fiber, plastic, or soft metals. They are not used in 
critical applications. 

Specific Rivet Types 

AD & DD solid rivets.-The most common solid rivets are 
the AD and DD aluminum rivets, as listed in table IX. These 
are the preferred rivets for joining aluminums and combina
tions of aluminum and steel. The "icebox" (DD) rivets can 
be used in higher-strength applications, but they must be kept 
around 0 of until they are installed. The 7050-T73 aluminum 
rivets are an alternative to "icebox" rivets. 

Since solid rivets are expanded to an interference fit, they 
should not be used in composites or fiber materials. They can 
cause delamination of the hole surfaces, leading to material 
failure. 

Cherry Buck rivets.-The Cherry Buck rivet 14 is a hybrid 
consisting of a factory head and shank of 95-ksi-shear-strength 
titanium, with a shop end shank of ductile titanium/niobium 
joined together by inertia welding (fig. 44). This combinatio~ 
allows a shop head to be formed by bucking, but the overall 
shear strength of the rivet approaches 95 ksi. The Cherry Buck 
rivet can be used to 600 of. 

Monel rivets.-Monel (67 percent nickel and 30 percent 

14Townsend Company, Cherry River Division, Santa Ana, California. 

(a) Minimum grip. 
(b) Maximum grip. 

Figure 44.-Cherry Buck rivet. 

copper) rivets are used for joining stainless steels, titanium, 
and Inconel. Monel is ductile enough to form a head without 
cracking but has higher strength (Fsu = 49 ksi) and 
temperature capabilities than aluminum. 

Titanium/niobium rivets.-These titanium alloy rivets (per 
MIL-R-5674 and AMS4982) have a shear strength of 50 ksi 
but are still formable at room temperature. They generally do 
not need a coating for corrosion protection. The Cherry E-Z 
Buck is a titanium/niobium rivet. 

Cherry rivets. -The generic Cherry rivet is a blind structural 
rivet with a locking collar for the stem installed as shown in 
figure 45. (Different head types are available.) Cherry rivets 
are available in both nominal and oversize diameters in the 
common (Ys through 1,4 in.) sizes. The oversize rivets are used 
for repairs where a nominal-size rivet (solid or blind) has been 
drilled out or where the initial drilled hole is oversize. These 
rivets have shear strengths comparable to AD solid aluminum 
rivets. However, their usage is restricted in aircraft manufac
turing by the guidelines of MS33522, which is included as 
appendix C. A typical list of available Cherry rivet materials 
is shown in table X. 

Huck blind rivets.-Huck blind rivets 15 are similar to 
Cherry rivets, except that they are available in higher strength 
material. These rivets are made with and without locking 
collars and with countersunk or protruding heads. Note also 
(in fig. 46) that the sleeve on the blind side is deformed 
differently on the Huck rivet than on the Cherry rivet. 

15Huck Manufacturing Company, Long Beach, California. 
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(a) Insert CherryMAx rivet into prepared hole. Place pulling head over rivet stem and apply firm, steady pressure to seat head. Actuate tool. 
(b) Stem pulls into rivet sleeve and forms large bulbed blind head; seats rivet head and clamps sheets tightly together. Shank expansion 

begins. 
(c) "Safe-lock" locking collar moves into rivet sleeve recess. Formation of blind head is completed. Shear-ring has sheared from 

cone, thereby accommodating a minimum of X6 in. in structure thickness variation. 
(d) Driving anvil forms "safe-lock" collar into head recess, locking stem and sleeve securely together. Continued pulling fractures 

stem, providing flush, burr-free, inspectable installation. 

Figure 45.-Cherry rivet installation. 

TABLE X.-CHERRY RIVET MATERIALS Lockbolts 
Materials Ultimate Maximum 

shear strength, temperature, 
Sleeve Stem psi OF 

In general, a lockbolt is a nonexpanding, high-strength 
fastener that has either a swaged collar or a type of threaded 
collar to lock it in place. It is installed in a standard drilled 
hole with a snug fit but normally not an interference fit. A 
lockbolt is similar to an ordinary rivet in that the locking collar 
or nut is weak in tension loading and is difficult to remove 
once installed. 

5055 Aluminum Alloy steel 50000 250 
5056 Aluminum CRES 50000 250 
Monel CRES 55000 900 
Inco 600 Inco X750 75000 1400 

Pop rivets. -Pop rivets 16 are familiar to most of the public 
for home repairs. However, they are not recommended for 
critical structural applications. The stem sometimes falls out 
of the sleeve after the rivet is installed, and the symmetry of 
the blind (formed) head leaves much to be desired. Although 
the pop rivet shown in figure 47 is the most common type, 
USM makes a closed-end rivet and three different head styles. 

Some of the lockbolts are similar to blind rivets and can 
be completely installed from one side. Others are fed into the 
workpiece with the manufactured head on the far side. The 
installation is then completed from the near side with a gun 
similar to blind rivet guns. Lockbolts are available with either 
countersunk or protruding heads. 

Since it is difficult to determine whether a lockbolt is 
installed properly, they should be used only where it is not 
possible to install a bolt and nut of comparable strength. 
However, they are much faster to install than standard bolts 
and nuts. 16USM Corporation, Pop Rivet Division, Shelton, Connecticut. 
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(a) (b) 

(a) Protruding head, BP-T (MS90354) or BP-EU (MS21141). 
(b) Installed fastener. 

Figure 46.-Huck blind rivets. 

Figure 47.-Pop rivet installation. 

Jo-Bolts 

Jo-bolts are similar to blind rivets in appearance and 
installation. The locking collar (sleeve) is expanded to form 
a shop head by rotating the threaded stem with a gun. The 
threaded stem is notched and breaks off when the proper torque 
is reached. A typical Jo-bolt installation is shown in figure 48. 

Hi-Lok 

The Hi-Lok17 lockbolt has a countersunk or protruding 
manufactured head and threads like a bolt. It is fed through 
the hole from the far side. The installation gun prevents shank 
rotation with a hexagonal key while the nut is installed (as 
shown in fig. 49). The nut (collar) hexagonal end is notched 
to break off at the desired torque. Hi-Lok lockbolts are 
available in high-strength carbon steel (to 156-ksi shear), 
stainless steel (to 132-ksi shear), and titanium (to 95-ksi shear). 

Huckbolts 

Huckbolts 15 are similar to Hi-Loks except that the stem is 
usually serrated rather than threaded. The collar is swaged 
on the stem. Then the stem is broken at the notch as shown 
in figure 50. Huckbolts and their collars are available in carbon 
steel, aluminum, and stainless steel with various strengths, as 
listed in the Huck catalog. 

Taper-Lok 

Taper-Lok18 is a high-strength threaded fastener that is 

17Hi-Shear Corporation, Torrance, California. 
18SPS Technologies, Jenkintown, Pennsylvania. 

Typical installation 

Figure 48.-Jo-bolt. (From ref. 21.) 
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(a) 

~ 
-~-

Remaining portion of 
Hi-Lok collar after assembly 

Collar wrenching 
device automatically 
shears off 

(a) Hi-Lok pin. 
(b) Hi-Lok pin and collar after assembly. 

Figure 49.-Hi-Lok installation. 

1 C ~G"P + D. M.,dmum length, 

rn ~ rnnnrtm . .. 1m 
1-.U Brazier head 

Figure 50. -Installed Huckbolt fastener. 

Thread 

®OO p 
30 0 

R 

Nominal grip 
length in 16ths 

Forged head 

Typical installation 

Figure 51.-Taper-Lok installation. 

installed with an interference fit. Most of the shank is tapered 
on a 1.19 0 angle. The lubricated lockbolt is driven into a 
drilled and reamed hole. The interference fit allows the nut 
(tension or shear nut) to be installed and torqued to the required 
value without holding the lockbolt to prevent rotation (see 
fig. 51). The nuts are locknuts with captive washers. W~en 
a tension nut is installed, this fastener can take as much tenSIOn 
load as a bolt of the same size and material. Consequently, 
Taper-Loks are used in critical applications wher~ cycl~c 
loading is a problem. Taper-Lok lockbolts are aVaIlable m 
high-strength alloy steel, H-ll tool steel, and several stainless 
steels, as well as titanium. 
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Rivnuts 

A Rivnut 19 is a tubular rivet with internal threads that is 
deformed in place to become a blind nutplate (fig. 52). Rivnuts 
are available with protruding, countersunk, and fillister heads. 
They are also available with closed ends, sealed heads, ribbed 
shanks, hexagonal shanks, and ribbed heads. Since the 
unthreaded tubular portion of the rivet must deform, the 
material must be ductile. Consequently, the Rivnut materials 
are fairly low strength, as shown in table XI. 

19B.F. Goodrich, Engineered Systems Division, Akron, Ohio. 



(a) (b) (c) (d) (e) 

(a) Step l-Rivnut fastener is threaded onto mandrel of installation tool. 
(b) Step 2-Rivnut fastener, on tool mandrel, is inserted into hole drilled for installation. 

(c) Step 3-Mandrel retracts and pulls threaded portion of Rivnut fastener shank toward blind side of work, forming bulge in unthreaded 
shank area. 

(d) Step 4-Rivnut fastener is clinched securely in place; mandrel is unthreaded, leaving internal Rivnut threads intact. 
(e) Blind nutplate-Properly installed Rivnut fastener makes excellent blind nutplate for simple screw attachments; countersunk Rivnut 

fasteners can be used for smooth surface installation. 

Figure 52.-Rivnut installation. 

TABLE XI.-STANDARD RlVNUT FASTENER 
MATERIALS AND FINISHES 

Material Type Standard finish 

Aluminum 6053-T4 Anodize-Alumilite 205 
will meet specifications: 
MIL-A-8625 (ASG) 

Steel C-ll08a Cadmium plate-0.0002 in. 
C-lllOa minimum thickness per 

QQ-P-416b, class 3, 
type I 

4037 Cadmium plate-0.0002 in. 
minimum thickness per 
QQ-P-416b, class 2, 
type II 

Stainless 430 Pickled and passivated per 
steel QQ-P-35, type II 

305d None-bright as machined 
Carpenter lOd 

Brass Alloy 260 None-bright as machined 

"<:-11 08 and C-11l0 steel may be used interchangeably. 
bNo. 4 and No.6 thread sizes. 
eNo. 8-1I2-in. thread size. 
d305 and Carpenter No. 10 stainless steel may be used interchangeably. 

Hi-Shear Rivet 

Minimum 
ultimate 
tensile 

strength, 
psi 

28000 

45000 

b55000 
c85000 

67000 

80000 

50000 

Hi-Shear 17 rivets consist of a high-strength carbon steel, 
stainless steel, aluminum, or titanium rivet (pin) with a necked
down shop head, as shown in figure 53. The collar (2024 
aluminum or Monel) is swaged on to give a finished head that 

Pin 

Collar 

Pin groove edge 
must show 

Pin trimming edge 

Figure 53.-Hi-Shear installation. 

can be visually inspected for proper form. This rivet should 
be used for shear applications only, as the collar has negligible 
tensile strength. 

Although this rivet has been partially superseded by various 
lockbolts, it is still being used in aircraft and aerospace 
applications. 

Lightweight Grooved Proportioned Lockbolt 

The lightweight grooved proportioned lockbolt (LGPL)20 is 
made especially for composite materials. It has both an 
oversize head and an oversize collar to lessen contact stresses 

20Monogram Aerospace Fasteners, Los Angeles, California. 
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(a) (b) (c) (d) 

(a) Flanged collar is placed over lightweight pin. 
(b) Installation tool grips and pulls pin, drawing sheets tightly together and removing sheet gap. 

(c) As pull on pin increases, tool anvil swages flanged collar into locking grooves and forms permanent vibration-resistant lock. 
(d) Pull on pin continues until pin fractures at breakneck groove and is then ejected. Tool anvil disengages swaged collar. 

Figure 54.-LGPL installation. 

on the composite material during both installation and service 
life. The shank is high-strength (95-ksi shear) titanium and 
the collar is 2024 aluminum. It is installed with a lockbolt tool 
as shown in figure 54. 

General Guidelines for Selecting Rivets 
and Lockbolts 

A number of standard documents are available for the 
selection, installation, and drawing callout of rivets and 
lockbolts as follows: 

(1) Rivet installations are covered by MIL-STD-403. This 
specification covers pilot holes, deburring, countersinking, 
dimpling, and the application of zinc chromate paint between 
dissimilar materials. Other specifications for corrosion 
prevention of drilled or countersunk surfaces are covered in 
MIL-P-116 and MIL-STD-171. 

(2) Design and selection requirements for blind structural 
rivets are given in MS33522 (appendix C). 
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(3) Design and selection requirements for blind 
nonstructural rivets are given in MS33557. 

(4) A wealth of information on allowable rivet strengths in 
various materials and thicknesses is given in chapter 8 of 
MIL-HDBK-5 (ref. 18). 

(5) Testing of fasteners is covered by MIL-STD-1312. 
(6) Lockwiring is done per MS33540. 
Note that the nominal rivet spacing for a rivet pattern is an 

edge distance of 2D and a linear spacing of 4D, where D is 
the rivet diameter. However, the 4D spacing can be increased 
if sealing between rivets or interrivet buckling is not a problem. 

Solid rivets (expanded during installation) should not be used 
in composite materials, as they can overstress the hole and 
cause delamination of the material. 

Lewis Research Center 
National Aeronautics and Space Administration 
Cleveland, Ohio, June 30, 1989 
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Appendix A 
Bolthead Marking and Design Data 

[From ref. 20] 
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ASTM markings 
The American Society for Testing and Materials, 1916 Race St, Philadelphia, PA 19103, sponsors development of specifications for fasteners used in general and special engineering applications. 
These specifications detail chemical and mechanical properties of material strength levels for fasteners and are generally specific in referencing the actual product covered. A full range of 
types of products of various styles, thread series, lengths, etc, can be produced to meet ASTM requirements and would be marked for grade and material identification as required. 

ASTM Grade and material identification markings required by ASTM specifications 

Mechanical properties 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM ID size Proof Yield Tensile Proof 
ID spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) (psi) Brinell Rockwell or footnotes 

None A31, Boiler rivets Carbon steel No Thru lY, - 23.000 45,000 - - - -
req'd Grade A 

None A31, Boiler rivets Carbon steel No Thru lY, - 29,000 58,000 - -
req'd Grade B 

None A65, Track spikes Carbon steel, copper Yes - - 0.5X 55,000 - - - Marking on top of.head. 
req'd Grade 1 not specified tensile 

strength 

CU A65, Track spikes Carbon steel, Yes - - O.5X 55,000 - - - Marking on top of head. 
Grade 1 copper specified tensile 

strength 

HC A65, Track spikes Carbon steel, copper Yes - - 0.5X 70,000 - - - Marking on top of head. 
Grade 2 not specified tensile 

strength 

HC and A65, Track spikes Carbon steel, Yes - - 0.5X 70,000 -. - - Marking on top of head. 
CU Grade 2 copper specified tensile 

strength 

None A66 Screw spikes Carbon steel Yes - - 0.5X 60,000 - - - Marking on spike head. 
req'd tensile 

strength 

None A183, Track bolts Low carbon steel, Yes Y,-IYe - - 55,000 - - - Marking on top of head, 
req'd Grade 1 untreated raised or depressed. 

See A183, Track bolts Carbon steel, Yes Y,-IYe - 80,000 110,000 - - - Marking on top of head, 
"Remarks" Grade 2 heat-treated raised or depressed. A 

symbol is required to 
indicate bait is heat-
treated. 

None A183, Track nuts Low carbon steel No Y. -lYe - - - - - - -
req'd Grade 1 

None A183, Track nuts Medium carbon steel No y. - 1 Ye - - - - - - -
req'd Grade 2 

85 A193 Bolts, screws, and studs AISI501 Yes %-4 - 80,000 100,000 - - - A 
for high temperature 
service 

B6 A193 Bolts, screws, and studs AISI410 Yes ~~ - 4 - 85,000 110,000 - - - A 
for high temperature 
service 

Footnotes are grouped on the last page of this Part 1 series. 
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Footnotes are grouped on the last page of this Part 1 series. 
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Grade ASTM 
10 spec Fastener 

mark number description Material 

B6X A193 Bolts. screws. and studs AISI4tO 
for high temperature 
.service 

B7 A193 Bolts. screws. and studs AISI 4140. 4142. 
for high temperature 4145. 4140H. 4142H. 
service 4145H 

B7M A193 Bolts. screws. and studs AISI 4140. 4142. 
for high temperature 4145. 4140H. 4142H. 
service 4145H 

B16 A193 Bolts. screws. and studs Chromium. 
lor high temperature molybdenum. and 
service vanadium alloy steel 

B8 A193. Bolts. screws. and studs AISI 304. carbide 
A320 for high or low solution treated 

temperature service. 
respectively-Class 1 (C) 

B8C A193. Bolts. screws. and studs AISI 347. carbide 
A320 for high or low solution treated 

temperature service. 
respectively-Class 1 (C) 

B8M A193. Bolts. screws. and studs AISI 316. carbide 
A320 for high or low solution treated 

temperature service. 
respectively-Class I (C) 

B8P A193. Bolts. screws. and studs AISI 305 (with 
A320 for high or low restricted carbon). 

temperature service. carbide solution 
respectively-Class I (C) treated 

B8T A193. Bolts. screws. and studs AISI 321. carbide 
A320 for high or low solution treated 

temperature service. 
respectively-Class I (C) 

B8LN A193. Bolts. screws. and studs AISI 304N (with 
A320 for high or low restricted carbon). 

temperature service. carbide solution 
respectively-Class I (C) treated 

B8MLN A193. Bolts. screws. and studs AISI 316N (with 
A320 for high or low restricted carbon). 

temperature service. carbide solution 
respectively-Class I (C) treated 

Is mlgr's Nominal 
ID size 

symbol range 
req'd? (Inch) 

Yes Yo-4 

Yes Yo - 2Y, 
Over 
2Y,-4 
Over 
4 - 7 

Yes Yo - 2Y, 

Yes Yo - 21,. 
Over 
21,-4 
Over 
4 - 7 

Yes Yo and 
larger 

Yes Yo and 
larger 

Yes Yo and 
larger 

Yes Yo and 
larger 

Yes Yo and 
larger 

Yes Yo and 
larger 

Yes }~ and 
larger 

Mechanical properties 

Boils, screws, studs Nuts Hardness 

Prool Yield Tensile Prool 
load strength strength load Remarks 
(psi) (min psI) (min psi) (psi) Brinell Rockwell or loot notes 

- 70.000 90.000 - - C26 max A 

- 105.000 125.000 - - - A 
- 95.000 115.000 - - - A 

- 75.000 100.000 - - - A 

- 80.000 100.000 - 235 B99 A 
max max 
(B) (B) 

- 105.000 125.000 - - - A 
- 95.000 110.000 - - - A 

- 85.000 100.000 - - - A 

- 30.000 75.000 - 2230 B96° max A 
max 

- 30.000 75.000 - 2230 B96D max A 
max 

- 30.000 75.000 - 2230 B96° max A 
max 

- 30.000 75.000 - 223D B96° max A 
max 

- 30.000 75.000 - 2230 B96° max A 
max 

- 30.000 75.000 - 2230 B96° max A 
max 

- 30.000 75.000 - 2230 B96° max A 
max 
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Grade 
10 

mark 

BBA 

BBeA 

BBMA 

BBPA 

BBTA 

BBLNA 

BBMLNA 

BBNA 

BBMNA 

BBN 

ASTM 
spec 

number 

A193. 
A320 

A193, 
A320 

A193, 
A320 

A193, 
A320 

A193, 
A320 

A193, 
A320 

A193, 
A320 

A193 

A193 

A193 

Fastener 
description 

Bolts. screws. and studs 
for Iligh or low 
temperature service. 
respectively--Class 1A 
(C) 

Bolts, screws, and studs 
for high or low 
temperature service, 
respectively-Class 1 A 
(C) 

Bolls, screws, and studs 
for high or low 
temperature service. 
respeclively--Class 1 A 
(C) 

Bolls, screws, and studs 
for high or low 
temperature service, 
respectively-Class 1 A 
(C) 

Bolls, screws, and studs 
for high or low 
temperature service, 
respectively-Ctass 1A 
(C) 

Bolls, screws, and studs 
for high or low 
temperature service. 
respectively-Class IA 
(C) 

Bolts, screws, and studs 
for high or low 
temperature service, 
respectively-Class 1 A 
(C) 
Bolls, screws, and studs 
for higll temperature 
service, Class 1A 

Bolls, screws, and studs 
for high temperature 
service. Class 1A 

Bolls. screws. and studs 
for higl) temperature 
service, Class 1 B 

Is mfgr's 
ID 

symbol 
Material req'd? 

AtSI 304. carbide Yes 
solution treated in 
flllisiled condllion 

AISI 347, carbide Yes 
solution treated in 
tinished condition 

AISI 316. carbide Yes 
solution treated in 
finished condilion 

AISI 305 (wilh Yes 
restricted carbon), 
carbide solution 
treated in finished 
condition 

AISI 321, carbide Yes 
solution Ireated in 
finished condition 

AISI 304N (willl Yes 
restricted carbon). 
carbide solution 
treated in finished 
condition 

AISI 316N (with Yes 
restricted carbon), 
carbide solution 
treated In finished 
condition 

AISI 304N. carbide Yes 
solution treated in 
finished condition 

AISI 316N, carbide Yes 
solution treated in 
finished condition 

AISI 304N, carbide Yes 
solution treated 

Mechanical properties 

Nominal Bolls, screws, studs Nuts Hardness 

size Proof Yield Tensile Proof 
range load strength strength load Remarks 
(inch) (psi) (min psi) (min psi) (psi) Brinell Rockwell or footnotes 

~'~ and - 30.000 75.000 - 192 690 max A 
larger max 

Yo and - 30,000 75,000 - 192 B90 max A 
larger max 

Yo and - 30,000 75,000 - 192 B90 max A 
larger max 

Yo and - 30,000 75,000 - 192 B90 max A 
larger max 

Yo and - 30,000 75.000 - 192 B90 max A 
larger max 

Yo and - 30,000 75,000 - 192 690 max A 
larger max 

Yo and - 30,000 75,000 - 192 B90 max A 
larger max 

I~ and - 30,000 75,000 - 192 B90 max A 
larger max 

}~ and - 30,000 75,000 - 192 B90 max A 
larger max 

% and - 35.0()0 80,000 -- 223 696 max A 
larger max (D) 

!Dl 
Footnotes are grouped on the last page of this Part 1 sertes 
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Mechanical properties 

Is mfgr's Nominal Bolis, screws, studs Nuts Hardness 

Grade ASTM 10 size Proof Yield Tensile Proof 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) (psi) Brinell Rockwell or footnotes 

B8MN AI93 Bolts, screws, and studs AISI 316"l, carbide Yes X and - 35,000 80,000 - 223 B96 max A 
for high temperature solution treated larger max (0) 
service, Class I B (0) 

B8R A'I93 Bolts, screws, and studs UNS 20910 (XMI9), Yes X and - 55,000 100,000 - 271 C28 max A 
for high temperature carbide solulion larger max 
service, Class lC treated 

B8RA A193 Bolts, screws, and studs UNS 20910 (XMI9), Yes X and - 55,000 100,000 - 271 C28 max A 
for high temperature carbide solution larger max 
service, Class lC treated in finished 

condition 

tsll::> Al::;j tjOltS, screws, and studs ::;21800, carbide Yes ;. ana ~u,uuu ::;~,uuu z ( 1 GZtl max A 
for high temperature solution treated larger max 
service, Class IC 

B8SA A193 Bolts, screws, and studs S21800, carbide Yes X and - 50,000 95,000 - 271 C28 max A 
for high temperature solution treated in larger max 
service, Class lC finished condition 

!!.8 A193, Bolts, screws, and studs AIS1304, carbide Yes X-% - 100,000 125,000 - 321 C3t> max A 

A320 for high or low solulion treated & max 
temperature service, strain hardened Over - 80,000 115,000 - 321 C35 max A 
respectively-Class 2 (C) X-I max 

Over - 65,000 105,000 - 321 C35 max A 
I -IX max 
Over - 50,000 100,000 - 321 C35 max A 

IX -11, max 

~ A193, Bolts, screws, and studs AISI 347 carbide Yes X-X - 100,000 125,000 - 321 C35 max A 
A320 for high or low solution treated & max 

temperature service, strain hardened Over - 80,000 115,000 - 321 C35 max A 
respectively-Class 2 (C) X-I max 

Over - 65,000 105,000 - 321 C35 max A 
1 -IX max 
Over - 50,000 100,000 - 321 C35 max A 

IX - 11, max 

!!§.P A193, Bolts, screws, and studs AISI 305 (with Yes X-X - 100,000 125,000 - 321 C35 max A 
A320 for high or low restricted carbon), max 

temperature service, carbide solution Over - 80,000 115,000 - 321 C35 max A 
respectively-Class 2 (C) treated & strain X-I max 

hardened Over - 65,000 105,000 - 321 C35 max A 
I-IX max 
Over - 50,000 100,000 - 321 C35 max A 

IX -11, max 

m A193, Bolts, screws, and studs AISI 321, carbide Yes X-X - 100,000 125,000 - 321 C35 max A 
A320 for high or low solulion treated & max 

temperature service, strain hardened Over - 80,000 115,000 - 321 C35 max A 
respectively-Class 2 (C) X-I max 

Over - 65,000 105,000 - 321 C35 max A 
1 -IX max 
Over - 50,000 100,000 - 321 C35 max A 

1 X - 1}~ max 



Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Proof 
Is mfgr's Nominal load 

Grade ASTM 10 size Proof Yield Tensile (psi) 
10 spec Fastener symbol range load strength strength hvy hex Remarks 

mark number description Material req'd? (Inch) (psi) (min psi) (min psi) hex Brlnell Rockwell or footnotes 

nti A193 Bolts, screws, and studs AISI 304N, carbide Yes Y.-¥. - 100,000 125,000 - 321 C35 max A 
for high temperature solution treated & max 
service, Class 2 strain hardened Over - 80,000 115,000 - 321 C35 max A 

¥. - 1 max 
Over - 65,000 105,000 - 321 C35 max A 
1 -1y' max 
Over - 50,000 100,000 - 321 C35 max A 

1 Y. - 1 Y, max 

!!!M A193, Bolts, screws, and studs AISI 316, carbide Yes Y.-¥. - 95,000 110,000 - 321 C35 max A 
A320 for high or low solution treated & max 

temperature service, strain hardened Over - 80,000 100,000 - 321 C35 max A 
respectively-Class 2 (C) ¥. - 1 max 

Over - 65,000 95,000 - 321 C35 max A 
1 -1Y. max 
Over - 50,000 90,000 - 321 C35 max A 

1 Y. - 1 Y, max 

B8MN A193 Bolts, screws, and studs AISI 316N, carbide Yes Y.-¥. - 95,000 110,000 - 321 C35 max A 
for high temperature solution treated & max 
service, Class 2 strain hardened Over - 80,000 100,000 - 321 C35 max A 

¥. - 1 max 
Over - 65,000 95,000 - 321 C35 max A 
1 -1Y. max 
Over - 50,000 90,000 - 321 C35 max A 

1 Y. - 1 Y, max 

1 A194 Hot or cold forged nuts Carbon steel Yes Y. and - - - 130,000 121 B70 min -
for high pressure & high larger 120,000 min 
temperature service 

1B A194 Nuts machined from bars Carbon steel Yes y. and - - - 130,000 121 B70 min -
for high pressure & high larger rnr.mm min 
temperature service 

2 A194 Hot or cold forged nuts Carbon steel Yes y. and - - - 150,000 159/352 B84 min -
for high pressure & high larger 135,000 
temperature service 

2B A194 Nuts machined from bars Carbon steel Yes y. and - - - 150,000 159/352 B84 min -
for high pressure & high larger 135,000 
temperature service 

2H A194 Hot or cold forged nuts Carbon steel, heat Yes y. and - - - 175,000 248/352 C24/C38 -
for high pressure & high treated larger 150,000 

- temperature service 

2HB A194 Nuts machined from bars Carbon steel, heat Yes y. and - - - 175,000 248/352 C24/C38 E 
for high pressure & high treated larger 150,000 
temperature service 

2HM. A194 Hot or cold forged nuts Carbon steel, heat Yes y. and - - - 150,000 159/237 C22 max -
for high pressure & high treated larger 135,000 
temperature service 

t 
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Mechanical properties 

Boils, screws, studs Nuts Hardness 

Proof 
Is mlgr's Nominal load 

Grade ASTM ID size Prool Yield Tensile (psi) 
1[;) spec Fastener symbol range load strength strength hV~ hex Remarks 

mark number description Material req'd? (Inch) (psi) (min psi) (min psi) ex Brinell Rockwell or lootnoles 

2HMB A194 Nuts machined from bars Carbon steel. heat Yes Yo and - - - 150.000 1591237 C22 max E 
for high pressure & high treated larger 135.000 
temperature service 

3 A1,94 Hot or cold forged nuts AISI 501, heat treated Yes y. and 175,000 2481352 C241C38 
for high pressure & high larger 150,000 
temperature service 

3B A194 Nuts machined from bars AISI 501. heat treated Yes y. and - -- - 175.000 2481352 C241C38 E 
for high pressure & high larger 150.000 
temperature service 

4 A194 Hot or cold forged nuts Carbon. molybdenum. Yes y. and - - - 175,000 248/352 C241C38 -
for high pressure & high hea t t rea ted larger 150.000 
temperature service 

4B A194 Nuts machined from bars Carbon. molybdenum. Yes Yo and -- - - 175.000 248/352 C241C38 E 
for high pressure & high heat treated larger 150.000 
temperature service 

6 A194 Hot or cold forged nuts AISI 410. heat treated Yes Yo and - - -- 150.000 2281271 C20/C28 -

for high pressure & high larger 135.000 
temperature service 

6B A194 Nuts machined from bars AISI 410. heat treated Yes Yo and - - - 150.000 2281271 C20lC28 E 
for high pressure & high larger 135.000 
temperature service 

6F A194 Hot or cold forged nuts AISI 416 with sulfur or Yes y. and - - - 150.000 2281271 C20/C28 -
for high pressure & high 416Se with selenium. larger 135.000 
temperature service hea t t rea ted 

6FB A194 Nuts machined from bars AISI 416 with sulfur or Yes Yo and - .- - 150.000 228/271 C20lC28 E 
for high pressure & high 416Se with selenium. larger 135,000 
temperature service heat treated 

7 A194 Hot or cold forged nuts AISI 4140/414214145. Yes y. and - - - 175.000 2481352 C241C38 -
for high pressure & 11igh 4140H.4142H. larger 150.000 
temperature service 4145H. heat treated 

7B A194 Nuts machined from bars AISI 41401414214145. Yes j~ and - - - 175.000 2481352 C24/C38 E 
for high pressure & high 4140H.4142H, larger 150,000 
temperature service 4145H. heat lreated 

7M A194 Hot or cold forged nuts AISI 4140/4142/4145. Yes y. and - - - 150.000 159/237 C22 max -
for high pressure & high 4140H.4142H. larger 135.000 
temperature service 4145H. heat treated 

7MB A194 Nuts machined from bars AISI 4140/4142/4145. Yes y. and - - - 150.000 159/237 C22 max E 
for high pressure & high 4140H.4142H. larger 135.000 
temperature service 4145H. heat treated 

8 A194 Hot or cold forged nuts AISI304 Yes Yo and - -- - 80,000 126/300 860/8105 -
for high pressure & high larger 75.000 
temperature service Footnotes are grouped on the last page of this Part 1 series, 
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Grade, 
10 

mark 

8B 

8A 

8C 

8CB 

8CA 

8M 

8MB 

8MA 

8T 

8TB 

8TA 

8F 

8FB 

ASTM 
spec 

number 

A194 

A1!l4 

A194 

A194 

A194 

A194 

A194 

A194 

A194 

A194 

A194 

A194 

A194 

Fastener 
description 

Nuts machined from bars 
for high pressure & high 
temperature service 

Hot or cold forged or 
machined from bars for 
high pressure & high 
temperature service 

Hoi or cold forged nuls 
for high pressure & high 
temperature service 

Nuts machined from bars 
for high pressure & high 
temperature service 

Hoi or cold forged or 
machined from bars for 
high pressure & high 
temperature service 

Hoi or cold forged nuls 
for high pressure & high 
temperature service 

Nuls machined from bars 
for high pressure & high 
temperature service 

Hot or cold forged or 
machined from bars for 
high pressure & high 
tempera lure service 

Hot or cold forged nuts 
for high pressure & high 
temperature service 

Nuts machined from bars 
for high pressure & high 
temperature service 

Hot or cold forged or 
machined from bars for 
high pressure & high 
temperature service 

Hot or cold forged nuts 
for high pressure & high 
temperature service 

Nuts machined from bars 
for high pressure & high 
temperature service 

Is mlgr's Nominal 
10 size 

symbol range 
Material req'd? (inch) 

AISI304 Yes y. and 
larger 

AISI 304, carbide Yes ~; and 
solution treated larger 

AISI 347 Yes y. and 
larger 

AISI347 Yes y. and 
larger 

AISI 347, carbide Yes y. and 
solulion Irealed larger 

AISI316 Yes y. and 
larger 

AISI316 Yes y. and 
larger 

AISI 316, carbide Yes y. and 
solution lreated larger 

AISI321 Yes y. and 
larger 

AISI321 Yes y. and 
larger 

AISI 321. carbide Yes ;~ and 
solution treated larger 

AISI 303 with sulfur or Yes y. and 
303Se with selenium larger 

AISI 303 with sulfur Yes y. and 
or 303Se with larger 
selenium 

Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Prool 
load 

Prool Yield Tensile (psi) 
load strength strength hV~ hex Remarks 
(psi) (min psi) (min psi) ex Brinell Rockwell or loot notes 

- - - 80,000 126/300 860/8105 -

75,000 

- - - 80,000 126/192 860/890 -
75,000 

- - - 80,000 126/300 860/8105 -
75,000 

- - - 80,000 126/300 860/8105 -
75.000 

- 80,000 126/192 860/890 --

75.000 

- - - 80.000 126/300 860/8105 -
75.000 

- - - 80,000 126/300 860/8105 -
75]00 

- - - 80,000 126/192 860/890 -
75,000 

- - - 80,000 126/300 860/8105 -
75,000 

- - - 80.000 126/300 860/8105 -
75,000 

- - - 80.000 126/192 860/890 -
75,000 

- - - 80,000 126/300 860/8105 -
75,000 

- - - 80,000 126/300 860/8105 -

75:000 

Foolnotes are grouped on the last page of this Part 1 sertes. 
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Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Proof 
Is mfgr's Nominal load 

Grade ASTM 10 size Proof Yield Tensile (psi) 
10 spec Fastener symbol range load strength strength hvy hex Remarks 

mark number description Material req'd? (Inch) (psi) (min psi) (min psi) hex Brinell Rockwell or footnotes 

BFA A194 Hot or cold forged or AISI 303 with sulfur or Yes y. and - - - 80,000 126/192 860/890 -
machined from bars for 303Se with selenium, larger 75,000 
high pressure & high carbide solution 
temperature service treated 

8P A194 Hot or cold forged nuts AISI 305 (with Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high restricted carbon) larger 75,000 
temperature service 

BPB A194 Nuts machined from bars AISI 305 (with Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high restricted carbon) larger 75,000 
temperature service 

BPA A194 Hot or cold forged or AISI 305 (with Yes y. aAd - - - 80,000 126/192 860/890 -
machined from bars for restricted carbon), larger 75,000 
high pressure & high carbide solution 
temperature service treated 

BN A194 Hot or cold forged nuts AISI304N Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high larger 75,000 
temperature service 

BNB A194 Nuts machined from bars AISI304N Yes y. and - - - 80,000 126/300 860/8105 -
for high' pressure & high larger 75.000 
temperature service 

8NA A194 Hot or cold forged or AISI 304N, carbide Yes y. and - - - 80,000 126/192 860/890 -
machined from bars for solution treated larger 75,000 
high pressure & high 
temperature service 

8MN A194 Hot or cold forged nuts AISI316N Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high larger 75,000 
temperature service 

8MNB A194 Nuts machined from bars AISI316N Yes y. and - - - 80,000 126/300 860/Bl05 -
for high pressure & high larger 75,000 
temperature service 

8MNA A194 Hot or cold forged or AISI 316N, carbide Yes y. and - - - 80,000 126/192 B60/890 -
machined from bars for sblution treated larger 75,000 -
high pressure & high 
temperature service 

8R A194 Hot or cold forged nuts XM19 Yes y. and - - - 80,000 183/271 B88/C25 -
for high pressure & high larger 75,000 
temperature service 

8RB A194 Nuts machined from bars XM19 Yes y. and - - - 80,000 183/271 BB8/C25 -
for high pressure & high larger 75,000 
temperature service 

Footnotes are grouped on the last page of this Part 1 series. 



Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Proof 
Is mfgr's Nominal load 

Grade ASTM 10 size Proof Yield Tensile (psi) 
10 spec Fastener symbol range load strength strength hvy hex Remarks 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) hex Brinell Rockwell or footnotes 

8RA A19~ Hot or cold forged or XMI9, carbide Yes y. and - - - 80,000 183/271 B88/C25 -
machined from bars for solution treated larger 75,000 
high pressure & high 
temperature service 

BS A194 Hoi or cold forged nuts S21800 (restricted Yes y. and - - - 80,000 183/271 B88/C25 -
for high pressure & high phosphorus) larger 75,000 
temperature service 

BSB A194 Nuts machined from bars S21800 (restricted Yes y. and - - - 80,000 183/271 B88/C25 -
for high pressure & high . phosphorus) larger 75,000 
temperature service 

BSA A194 Hot or cold forged or S21800 (restricted Yes Yo and - - - 80,000 183/271 888/C25 -
machined from bars for phosphorus), carbide larger 75,000 
high pressure & high solution treated 
temperature service 

BLN A194 Hot or cold forged nuts AISI 304N (with Yes y. and - - - 80,000 126/300 860/Bl05 -
for high pressure & high restricted carbon) larger 75,000 
temperature service 

BLNB A194 Nuts machined from bars AISI 304N (with Yes Yo and - - - 80,000 126/300 B60/Bl05 -
for high pressure & high restricted carbon) larger 75,000 
temperature service 

BLNA A194 Hot or cold forged or AISI 304N (with Yes y. and - - - 80,000 126/192 860/890 -
machined from bars for restricted carbon), larger 75]5'5 
high pressure & high carbide solution 
temperature service treated 

BMLN A194 Hot or cold forged nuts AISI 316N (with Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high restricted carbon) larger 75,000 
temperature service 

BMLNB A194 Nuts machined from bars AISI 316N (with Yes y. and - - - 80,000 126/300 860/8105 -
for high pressure & high restricted carbon larger 75,000 
temperature service 

BMLNA A194 Hot or cold forged or AISI 3 t 6N (with Yes y. and - - - 80,000 126/192 860/890 -
machined from bars for restricted carbon), larger 75,000 
high pressure & high carbide solution 
temperature service treated 

..!! At94 Nuts machined from bars AISI 304, strain Yes y.-Yo - - - 125,000 - - -
for high pressure & high hardened 110,000 
temperature service % -1 - - - 115,000 - - -

100,000 
1 ~, - 1 Y. -- - - 105,000 - - -

95,000 
1 Yo - 1 Y, - - - 100,000 - - -

90,000 
Footnotes are grouped on the last page of this Part 1 series. 
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Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Prool 
Is mlgr's Nominal load 

Grade ASTM 10 size' Prool Yield Tensile (psi) 
ID spe¢ Fastener symbol range load strength strength hvy hex Remarks 

mark number description Material req'd1 (inch) (psi) (min psi) (min psi) hex Brinell Rockwell or loot notes 

~ A194 Nuls machined Irom bars AISI 347, slrain Yes X-Y. - - - 125,000 - - -
lor high pressure & high hardened 110,000 
tempera lure service :t, - 1 - - - 115,000 - - -

100,000 
1 Yo - 1 Y. - - - 105,000 - - -

95,000 
1 Yo - 1 Y, - - - 100,000 - - -

mr.ooo 
II A194 Nuts machined from bars AtSi 321, slrain Yes Y.-Y. 125,000 

lor high pressure & high hardened 110,000 
lemperalure service Yo - 1 - - - 115,000 - - -

100,000 
1 Yo - 1 Y. - - - 105,000 - - -

95,000 
1 Yo - 1 Y, - - - 100,000 - - -

90]00 

AM. A194 Nuls machined from bars AISI 316, slrain Yes Y.-Y. - - - 110,000 - - -
lor high pressure & high hardened 100,000' 
lemperalure service :t, - 1 - - - 100,000 - - -

90,000 
lYo - lY. - - - 95,000 - - -

85,000 
lYo-1Y, - - - 90,000 - -

80,000 

.DE A194 Nuls machlfled Irom bars AISlJ03 wilh sullur Yes Y.-Y. 125l!90 
lor high pressure & high or 303Se wilh 110,000 
lemperalure service selenium, slrain Yo - 1 - - - 115,000 - - -

hardened 100,000 
1 Yo - 1 Y. - - - 105,000 - - -

95,000 
1 Yo - 1 Yo - - - 100,000 - - -

90,000 

.If A194 Nuls machined Irom bars AISI 305 (wilh Yes Y.-Y. - - - -

for high pressure & high reslricled carbon), 
temperature service strain hardened Yo - 1 - - -

1 Yo - 1 Yo - - -

1 Yo - 1 Y, - - -
90,000 

Foolnoles are grouped on Ihe lasl page 01 Ihis Pari 1 series, 



Mechanical properties 

Bolls, screws, sluds Nuls Hardness 

Prool 
Is mlgr's Nominal load 

Grade ASTM ID size Prool Yield Tensile (psi) 
10 spec Faslener symbol range load slrength slrength hV~ hu Remarks 

mark number description Material req'd? (Inch) (psi) (min psi) (min psi) ex Brlnall Rockwell or loolnotes 

aN A194 Nuls machined lrom bars AISI 304N. slraln Yes X-Yo - - - 125.000 - - -
lor high piessure & high hardened 110.000 
lemperalure service ~ - I - - - 115.000 - - -

100.000 
1 Y. - 1 X - - - 105.000 - - -

95.000 
1% - 1 ~ - - - 100.000 - - -

mr.ooo 
.lM.ti A194 Nuls machined from bars AISI 316N. slrain Yes X-Yo - - - 125.000 - - -

lor high pressure & high hardened 110.000 
lemperalure service ~-1 - - - 115.000 - - -

100.000 
1 Y. - 11. - - - '105.000 - - -

95.000 
1 % - 1 ~ - - - 100.000 - - -w.ooo 

None A307. Common bolls Carbon sleel Yes 1.-4 - - 6U.000 - 1211 B691 Marking on head. raised 
req'd Grade A 241F BlOOF or depressed. 

None A307. Bolls lor lIanged 1010Is Carbon sleel Yes X-4 - - 60.000 - 1211212 B69/B95 Marking on head. raised 
req'd Grade B min or depressed. 

100.000 
max 

L7 A320 Bolls. screws. and sluds AISI414U. 4142. or Yes X - 2~ - 105.000 125.000 - - - A 
lor low lemperalure 4145 quenched & 
service lempered 

L7A A320 Boits. screws. and sluds AISI 4037 quenched Yes Yo - 2~ - 105.000 125.000 - - - A 
lor low lemperalure & lempered 
service 

L7B A320 Bolls. screws. and sluds AISI 4137 quenched Ye!! Yo-2~ - 105.000 125.000 - - - A 
lor low lemperalure & lempered 
service 

L7C A320 Bolls. screws. and sluds AISI 8740 quenched Yes Yo - 2:;' - 105.000 125.000 - - - A 
lor low lemperalure & lempered 
service 

L70 A320 Bolls. screws. and sluds AIS14140. 4142. or Yes Yo - 2:;' - 105.000 125.000 - - - A 
lor low lemperalure 4145 quenched & 
service lempered 

L71 A320 Bolls. screws. and sluds AISI 4037 quenched Yes Yo - 2Y, - 105.000 125.000 - - - A 
lor low lemperalure & lempered 
service 

L72 A320 Bolls. screws. and sluds AISI 4137 quenched & Yes l. - 2Y, - 105.000 125.000 - - - A 
tor low lemperalure lempered - .. .... -service p g 

~ 
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00 

Grede 
10 

mark 

L73 

L43 

L7M 

L1 

B8F 

B8FA 

ill 

A325 or 
option 

I 

"" A325 

,I .... 
A325 

A325 

A325M 
8S 

A325M 
~ 

ASTM 
apec 

number 

A320 

A320 

A320 

A320 

A320 

A320 

A320 

A325, 
Type 1 

A325, 
Type 2 

A325, 
Type 3 

A325M, 
Type I 

A325M, 
Type 2 

Faatener 
de scrip lion 

Bolls, screws, and studs 
lor low temperature 
service 

Bolls, screws, and studs 
lor low temperature 
service 

Bolls, screws, and studs 
lor low temperature 
service 

Bolls, screws, and studs 
lor low temperature 
service 

Bolls, screws, and studs 
lor low temperature 
service, Class I 

Bolis, screws, and studs 
for low temperature 
service, Class IA 

Bolis, screws, and studs 
lor low tempera lure 
service, Class 2 

High strength structural 
bolis 

High strength slruclural 
bolis 

High strength structural 
bolis 

High strenglh structural 
bolis-metrlc 

High strength structurat 
bolts-melrlc 

Is mlgr's Nominal 
10 size 

aymbol range 
Material req'd1 (Inch) 

AISI 8740 quenched & Yes Y. - 2Yo 
tempered 

AISI 4340 quenched & Yes Y.-4 
tempered 

AISI 4140, 4142, or Yes y. - 2Y, 
4145 quenched & 
tempered 

Low carbon Yes y. - 1 
martensite steel, 
quenched & tempered 

AISI 303 with sullur or Yes }; and 
3038e with selenium, larger 
carbide solution 
treated 

AISI 303 or 303Se Yes y. and 
carbide solulion larger 
Ireated in finished 
condition 

AISI 303 or 303Se Yes y.-Yo 
carbide solution 
treated and shain Over 
hardened Yo - 1 

Over 
1 - 1 Y. 
Over 

I Y. - 1 Yo 

Medium carbon steel, Yes ~~ - I 
quenched & tempered t Yo - t Yo 

Low carbon Yes Yo - 1 
martensite steel, lYo - lYo 
quenched & tempered 

Weathering steel, Yes y, - 1 
quenched & lempered 1 Yo - 1 Y, 

Medium carbon steel, Ves M16-
quenched & tempered M36 

Low carbon martensite Ves M16 -
sleet, quenched & M36 
tempered 

Mechanical properties 

Bolts, screws, sluds Nuts Hardness 

Proof Yield Tensile Prool 
load strength atrength load Remarks 
(psi) (min psi) (min psi) (psi) Brlnell Rockwell or loolnoles 

- 105,000 125,000 - - - A 

- 105,000 125,000 - - - A 

- 80,000 100,000 - 235u 899u max A 
max 

- 105,000 125,000 - - - A 

- 30,000 75,000 - 223u 896u max A 
max 

- 30,000 75,000 - 192 890 max A 
max 

- 100,000 125,000 - 321 C35 max A 
max 

- 80,000 t 15,000 - 32t C35 max A 
max 

- 65,000 105,000 - 321 C35 max A 
max 

- 50,000 100,000 - 321 C35 max A 
max 

85,000 92,000 120,000 - 248/331 C24/C35 H,I 
74,000 81,000 105,000 - 223/293 C19/C31 H,I 

85,000 92,000 120,000 - 248/331 C24/C35 H,I 
74,000 61,000 105,000 - 223/293 C19/C31 H,t 

65,000 92,000 120,000 ...,. 246/331 C24/C35 H,I, J 
74,000 61,000 105,000 - 223/293 C19/C31 H, I, J 

600 660 830 - Vickers C23/C34 K, L 
MPa MPa MPa 255/336 

600 660 630 - Vickers C23/C34 K, L 
MPa MPa MPa 255/336 

Foolnoles are grouped on Ihe lasl page 01 Ihis Pari 1 series. 
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Grada 
10 

mark 

A325M 
853 

Be 

BO or 

,I .... 
..... ' 
(M) 

Non. 
r.q'd (P) 

B4B 

B4C 

B4D 

I 
" .... 

660A 
(R) 

660B 
(R) 

A5TM 
spec Fastener 

number description 

A325M, High slrenglh slruclural 
Type 3 bolls-melric 

A354, Bolls & studs 
Grade BC 

A354, Bolls & studs 
Grade BO 

A394 Transmission tower bolls 

A437, Turbine-Iype bolls, 
Grade screws, sluds, nuts, and 
B4B washers lor high 

temperature service 

A437, Turbine-Iype bolls, 
Grade screws, studs, nuls, and 
B4C washers lor high 

temperature service 

A437, Turbine-type,bolls, 
Grade screws, studs, nuts, and 
B40 washers lor high 

temperature service 

A449 Bolls and studs 

A453, Bolls, screws, studs, nuts, 
Grade and washers lor high 

660 temperature service 
Class A 

A453, Bolls, screws, studs, nuts, 
Grade and washers lor high 

660 lemperature Bervlce 
Class B 

1& mlgr's Nominal 
10 size 

symbol range 
Material req'd? (Inch) 

Wealheril1g sleel. Yes M16-
quenched & lempered M36 

AllOY sleel, quenched Yes Yo - 2~ 
& lempered Over 

2Y,-4 

Alloy" sleel, quenChed Yes Yo - 2:1, 
& tempered Over 

2:1, - 4 

Galvanized sleet Yes y" Yo, r., 
%, 1 

Alloy sleel, specially Yes All dia 
heat Irealed 

Alloy sleel, specially Yes All dia 
heat Irealed 

Alloy steel, specially Yes Thru 2Y. 
heat treated Over 

2y' • 4 
OVer 
4·7 

Medium carbon steel, Yes Yo • 1 
quenChed & tempered Over 

1 -1y' 
Over 
ly' - 3 

Speciat alloy steel, Yes Yo and 
specially heal Irealed larger 

Special alloy steel, Yes Yo and 
sp'ecially heat treated larger 

Mechanlca properties 

Bolls, screws, studs Nuts Hardness. 

Prool Yield Tensile Prool 
load strength strength load Remarks 
(psi) (min psi) (min psi) (psi) Brlnell Rockwell or lootnotes 

600 660 830 - Vickers C23/C34 J. K. l 
MPa MPa MPa 255/336 

105,000 109,000 125,000 - 255/331 C26/36 H,N 
95,000 99,000 115,000 - 235/311 C22/C33 H,N 

120,000 130,000 150,000 - 311/363 C33/C39 H,N,O 
105,000 115,000 140,000 - 293/363 C311C39 H,N,O 

(Single shear al 60,000 - 1211235 B691899 Marking on head, raised 
threads based on or depressed. (H) 
45,000 psI.) 

- 105,000 145,000 - See C311C37 331 max lor bolls & 
remarks lor nuls & studs; 293/341 lor nuls 

waShers & washers. (A) 

- 85,000 115,000 - See C21/C29 277 max 101 bolls & 
remarks lor nuls & studs; 229/277 lor nuls 

washers & washers. (A) 

- 105,000 125,000 - See C27JC33 302 max lor bolls and 
- 95,000 110,000 - remarks lor nuts studs; 263/311 lor nuls 

and and washers. (A) 
washers 

- 85,000 100,000 - See 
remarks 

85,000 92,000 120,000 - 255/321 C25/C34 Marking on head, raised 
74,000 81,000 105,000 - 223/285 C19/C30 or depressed. (H,O) 

55,000 58,000 90,000 - 183/235 -

- 85,000 130,000 - 248/341 - A,R 

- 85,000 130,000 - 248/341 - A,R 

Footnotes are groupe~ on the last page 01 this Part 1 senes, 
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Is mlgr's 
Grade ASTM 10 

10 spec Faslener symbol 
mark "umber descrlpllon Malerlal req'd? 

851A A453, Bolls, screws, studs, nuts, Special alloy steel, Yes 
(A) Grade and washers for high specially heat treated 

651 temperature service 
Ctass A 

6518 A453, Bolls, screws, sluds, nuls, Special alloy steel, Yes 
(A) Grade and washers for high specially heat treated 

651 temperature service 
Class B 

8~: A453, Bolls, screws, studs, nuts, Speciat alloy steel, Yes 
Grade and washers for high specially heat treated 

662 temperature service 
Class A 

111126 A453, Bolls, screws, sluds, nuts, Special alloy steel, Yes 
(A) Grade and washers for high specially heat treated 

662 temperature service 
Class B 

665A A453, Bolls, screws, studs, nuts, Special alloy steel, Yes 
(A) Grade and washers lor high specially heat treated 

665 lemperature service 
Class A 

665B A453, Bolls, screws, studs, nuts, Special alloy steel, Yes 
(A) Grade and washers lor high 

665 lemperalure service 
Class B 

None A489 Eyebolls 
req'd 

ASTM footnotes 

A. Glade and manulaCIUlel'1 Idenlillcilion symbol •• hall 
be applied 10 on8 end 01 Iluds X' In dlamelel and lalgOl, 
Ind 10 Ihl head. or boll. and IClew' X' In dlamalal and 
lalgOl.11I a.allible .,al I. Inadequala. glade symbol may 
be malk.d on on. end and manulaclulII'1 ldenlilicalion 
lymboI malked 011 the olher end.' 

•• To moellenslla I.quillmanil. Bllnell hlldnas. Ihall ba 
oyal 201 HB'~ HRB,. 

C. AI93 ploduclS all 101 high lampelalura .81,'ce; A320 
ploducll III 101 low lempelilule .el.Ic,. 

D. FOI slzel Yo' In di,malOl ,nd smaller, ma.lmum hald
ne .. 01 241 HB (100 HRB, II pelmUled. 

E. NulS maChined r,om hill lraaled bill nlld nol ba la· 
hall Uliled. 

F, E.cepl wli8n lasled by wedga I.nslon 1 •• 1. 

specially heat treated 

Carbon steel, Yes 
quenched and 
tempered 

:!}~ ,:!~~II~~~S~~~,&,I~~'~;'~~IIBlln.1I haldn"", .hall 

H. BoUslscl.ws, less Ihan Ihr •• diamelels In lenolh (and 
sluds less Ihan lour diamete.s In length) shall have hard
neSI values nolless Ihan the n"",mum nor mOl' Ihan the 
maximum hardness limits ,equlred, .a hardness Is (heir 
only mechanical requtremenl. 

I. Excludlno Siuds. all marking. localed on lop 01 h.ad. 
raised or d.pressed. 

J, Manu'aclurer may add olher dislinguishing fII;fl~S Indio 
clllng Ihe laSlen8r Is almospheric cOllosion ,esl~lIml and 
01 ..... Ih .. lng Iype. 

K. All markings shall be localed on lOp ollhe ',,· .• ·1 r.lsed 
Of depressed. Ba58 01 propolly class symlx'I'~ '.'tull be 
posilloned loward Ihe close.1 p.rlphery 011100 , I 

Mecnanlcal properl es 

Nominal Bolls. screws. sluds 

size Proal 'Yleld Tensile 
range load slrength strenglh 
(Inch) (psi) (min psi) (min psi) 

y'-3 - 70,000 100,000 
Over - 60,000 100,000 
3 and 
larger 

y'-3 - 60,000 95,000 
Over - 50,000 95,000 
3 and 
larger 

Y. and - 85,000 130,000 
larger 

Yo and - 80,000 125,000 
larger 

Yo and - 120,000 170,000 
larger 

y. and - 120,000 155,000 
larger 

Yo - 2Ya (S) 30,000 65,000 
min, 

85,000 
max 

L. Shorl I.nolh boUa need only moal hBrdnoss hmrls. as 
hardn.ss Is Ihelr OIIly m.chanlcal requlrem.nl ,n.ler 10 
Table 4 01 ASTM F568 101 d.llnilion 01 minimum longlh 01 
ploduci sublecl 10 lenlila lOlling.) 

M. Grade BO boilS r.- Ihrough 'X- dlamalsf shall be ma,ked 
willi 01. radialhn.o 60 d.g .... lparl on lOP 01 boll he.d. 
Inol.ad 01 Ihe grade lymboI. 

~~a~.I~rs .:.~: :~ r~'!,:.O!n~er~~:~~.~n Ihe lop 01 Ih. 

O. Grad. BO In slle. X' Ihrough IX' Is equi.alenllo SAE 
Glad. 8. (Nol.: AISI 1541 doel nol .allsly chomical 
laqulrlm.nlS '01 Grade BO.) 

~.;.~~\~.'::~rYi~ 0;;.::1 ~nl~~rC~~:~~CI~r!~':!~r~, ~;~ 
processing r.qulramanl. wh.n applicable. 

Nuls Hardness 

Proal 
load Remarks 
(psi) Brlnell Rockwell or loolnoles 

-
-

-
-

-

-

-

-

-

220/260 - A,R 
220/280 - A,A 

210/270 - A,A 
210/270 - A,A 

255/321 - A,A 

248/321 - A 

3111386 - A 

3111388 - A 

- - T 

O. A449 In 0118. X' Ihrough IX' I. equl:"al.nl 10 SAE 
Grad. 5. 

R. In addllion 10 idenlihcalton symbols {g,ade and classl. 
Ihe Iype designalion 2 shall also appear on all roll· 
threaded boUino "'81e,Ial so processed. Absence 01 Ihe 
Iype designalion numbar indiclln Typa I proceSS.d mi' 
l.rtll or machinH:UI Ih".ds. 

S. R.I .. 10 ASTM Siandard A4B9 lor lpecllic I".nglh 
requiremenlS. . 

T. ManulaClu18r'S name Of tdenlihcalion malk shall be 
lorged In rlised charlclers 011 eyeboll lurlace. 



v. 

Grade and material markings-Part II 

ASTM markings 
The American Sociely for Tesllng and Malerials. 1916 Race SI Philadelphia.' PA 19103. sponsors developmenl of speclflcallons for fasleners used In gpneral and special engineering applicallons 
These specifications delarl chemical and mechanical proper lies of malerlal slrenglh fevels for fasleners and are generally specific In relerenclng Ihe aclual produCI covered A full range of 
types of producls of various slyles. Ihread selles. lenglhs. ele. can be produced 10 meel ASTM requiremenfs and would be marked lor grade and rnalerlalldenllf'callon as reqUired 

ASTM Grade and material Identification markings required by ASTM specifications 

Mechanical properties 

Is mlgr's Nominal Bolls, screws, studs Nuts Hardness 

Grada ASTM 10 size Prool Yield Tensile Prool 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (Inch) (psi) (inln psi) (min psi) (psi) Brlnall Rockwell or lootnot .. 

AUO A490, High strenglh structural Alloy sleel, quenched Yes % ·1% 120,000 130,000 150,000 - 3111352 C331C38 MOfklng on lOp of head, 
Type 1 bolts & lempered min, raised or depressed. (H) 

170,000 
max 

~\/? A490, High strength slructural Low carbon Yes y, - no; 120,000 130,000 150,000 - 311/352 C331C38 Marking on lap of head, 
Type 2 bolls marlensite sleel, min raised or depressed. (H) 

A480 quenched & lempered 170,000 
max 

M!9 A490, High slrength slruclural Wealhering sleel, Yes Y,-IY, 120,000 130,000 150,000 - 3111352 C33/C38 Marking on lOp of head, 
Type 3 bolts quenched & lempered min raised or depressed. 

170,000 (H,J) 
max 

A490M A490M, High strenglh slructural Alloy steel, quenched Yes 1.116- 830 940 1040 - Vickers C33/C39 K 
105 Type 1 bolts-melric & lempered M36mm MPa MPa MPa 3271382 

A480M A490M, Hfgh strength slructuraf Low carbon Yes 1.116- 830 940 1040 - Vickers C331C39 K 

~ Type 2 boils-metric marlensile steel, 1.136 mm MPa MPa MPa 3271382 
quenched & lempered 

A490M A490M, High strenglh structural Wealhering sleel, Yes 1.116- 830 940 1040 - Vickers C331C39 J,K 
1053 Type 3 bolls-metric quenched & lempered M36mm MPa MPa MPa 3271382 

None "502, Struclural rivets Carbon sleel Yes Y,-IY, - - - - 103/126 855/872 Markings on lap of rivet 
req'd (U) Grade 1 head, raised or 

depressed. 

2 M02, Structural rivets Carbon manganese Yes Y,-IY, - - - - 137/163 8761885 Markings on lop of rivet 
Grade 2 steef head. raised or 

depressed. 

3 A502, Structural riv~ts Wealhering sleef Yes 
Grade 3 

p 

Footnotes are grouped on the last pageollhis PartU-series. 



Ut 
tv 

Grade 
10 

mark 

B21 
(VI 

B21 
(VI 

B21 
(VI 

B21 
(VI 

821 
(VI 

822 
(VI 

822 
(V) 

822 
(V) 

822 
(V) 

B22 
(V) 

823 
(VI 

ASTM 
Ipec 

number 

A540. 
Grade 
821. 

Class 5 

A540. 
Grade 
821. 

Class 4 

A540. 
Grade 
821. 

Class 3 

A540. 
Grade 
B21. 

Class 2 

A540, 
Grade 
821 

Class 1 

A540. 
Grade 
822. 

Class 5 

A540, 
Grada 

822 
Class 4 

A540. 
Grade 

822 
Class 3 

A540. 
Grade 
822 

Class 2 

A540. 
Grade 
822. 

Class 1 

A540. 
Grade 
823. 

Class 5 

Faslener 
description 

Bolls. sluds. washers. and 
nuts IQr nuctear and other 
special applications 

Bolls. studs. washers. and 
nuts lor nuclear and other 
special applications 

Bolls. studs. washers. and 
nuts lor nuclear and other 
special applications 

Bolls. studs. washers. and 
nuls lor nuclear and olher 
special applications 

Bolls. studs. washers. and 
nuts lor nuclear and olher 
special applications 

Bolts. sluds. washers. and 
nuts lor nuclear and other 
speCial applications 

Bolls. studs. washers. and 
nuls 'or nuclear and other 
special applications 

Bolls. studs. washers. and 
nuts lor nuclear and olher 
special applications 

Bolls. sluds. washers. and 
nuts lor nuclear and olher 
epeclal applications 

Bolts. sluds. washers. and 
nuls lor nuclear and olher 
special applications 

Bolls. studs. washers. and 
nuls lor nuclear and olher 
special applications 

II m'gr'l Nominal 
ID Ilze 

Iymbol range 
Malerial req'd? (Inch) 

Alloy steel (Cr-Mo-V). Yes Thru 2 
quenched & tempered Over 

2-6 
Over 
6-8 

Alloy steel (Cr-Mo-V). Yes Thru 3 
quenched & tempered Over 

3-6 

Alloy steel (Cr-Mo-V). Yes Thru 3 
quenched & lempered Over 

3-6 

Alloy steel (Or-Mo-V). Yes Thru 4 
quenched & tampered 

Alloy steel (Cr-Mo-V). Yes Thru 4 
quenched & lempered 

AISI 4142-H. Yes Thru 2 
quenched & tempered Over 

2-4 

AISI4142-H. Yes Thru 1 
quenched & tempered Over 

1 - 4 

AISI 4142-H. Yes Thru 2 
quenched & tempered Over 

2-4 

AISI 4142-H. Yes Thru 3 
quenched & lempered 

AISI4142-H. Yes Thru 1~ 
quenched & lempered 

AISI E-4340-H. Yes Thru 6 
quenched & lempered Over 

6-8 
Over 
8 - 9~ 

Mechanical properties 

Bolls, screws, sluds Nuls Hardness 

Proo' Yield Tensile Proo' 
load Ilrengih slrenglh load Remarks 
(pII) (mlnpII) (min psi) (psi) Brlnell Rockwell or loolnoles 

- 105.000 120.000 - 2411285 - W 
- 100.000 115.000 - 248/302 - W 

- 100.000 115.000 - 255/311 - W 

- 120.000 135.000 - 269/331 - W 
- 120.000 135.000 - 2771352 - W 

- 130.000 145.000 - 293/352 - W 
- 130.000 145.000 - 302/375 - W 

- 140.000 155.000 - 3111401 - W 

- 150.000 165.000 - 3211429 - W 

- 105.000 120.000 - 248/293 - W 
- 100.000 115.000 - 255/302 - W 

- 120.000 135.000 - 269/341 - W 
- 120.000 135.000 - 277/363 - W 

- 130.000 145.000 - 293/363 - W 
- 130.000 145.000 - 302/375 - W 

- 140.000 155.000 - 3111401 - W 

- 150.000 165.000 - 3211401 - W 

- 105.000 120.000 - 248/311 - W 
- 100.000 115.000 - 255/321 - W 

- 100.000 115.000 - 262/321 - W 

Foolnotes are grouped on the last page 01 Ihis Pari II series 



VI 
W 

Orade 
10 

mark 

823 
(V) 

823 
(V) 

823 
(V) 

823 
(V) 

824 
(V) 

824 
(V) 

824 
(V) 

824 
(V) 

824 
IV) 

ASTM 
spec 

number 

A540, 
Grade 
823, 

Class 4 

A540, 
Grade 

823 
Class 3 

A540, 
Grade 
823 

Class 2 

A540, 
Grade 
823 

Class 1 

A540, 
Grada 
824 

Class 5 

A540, 
Grade 
824 

Class 4 

A540, 
Grade 
824, 

Class 3 

A540, 
Grade 
824 

Class 2 

A540, 
Grade 
824 

Class 1 

Faslener 
de scrip lion 

aolls, sluds, washers, and 
o nuls lor nuclear and olher 

special applications 

80lls, sluds, washers, and 
nuts lor nuclear and olher 
special applications 

Bolls, studs, washers, and 
nuts lor nuclear and other 
special applications 

Bolls, studs, washers, and 
nuls lor nuclear and olher 
special applications 

Bolls, studs, washers, and 
nuts lor nuclear and olher 
special applications 

Bolls, studs, washers, and 
nuts lor nuclear and olher 
special applications 

Bolls, sluds, washers, and 
nuls lor nuclear and olher 
special applications 

Bolls, sluds, washers, and 
nuts lor nuclear and other 
speCial applications 

Bolls, sluds, washers, and 
nuls lor nuclear and olher 
special applications 

I. mlgr'. Nominal 
10 .Ize 

symbol range 
Malerlal req'd? (Inch) 

AISI E·4340·H, Yes Thru 3 
quenched & tempared Over 

3-6 
Over 
6-9~ 

AISI E·4340-H, Yes Thru 3 
quenched & lempered Over 

3-6 
Over 
6 -9~ 

AISI E·4340·H, Yes Thru 3 
quenched & tempered Over 

3-6 
Over 
6- 9~ 

AISI E-4340-H, Yes Thru 3 
quenched & tempered Over 

3-6 
Over 
6-8 

AISI 4340 Mod, Yes Thru 6 
quenched & tempered Over 

6-8 
Over 
8- 9:{ 

AISI 4340 Mod, Yes Thru 3 
quenched & lempered Over 

3-6 
Over 
6-8 
Over 
8-9:{ 

AISI 4340 Mod, Yes Thru 3 
quenched & lempered Over 

3·8 
Over 
8·9Y, 

AISI 4340 Mod, Yes Thru 7 
quenched & tempered Over 

7- 9~ 

--.~ 

AISI 4340 Mod, Yes Thru 6 
quenched & lempered Over 

6·8 

Mechanical properlles 

Bolls, .crews, .Iuds Nuls Hardness 

Proal Yield Tensile Prool 
load .Irenglh .Irenglh load Remarks 
(psi) (min psi) (min psi) (psi) Brlnell Rockwell or loolnol .. 

- 120,000 135,000 - 2691341 - W 
- 120,000 135,000 - 2771352 - W 

- 120,000 135,000 - 2851363 - W 

- 130,000 145,000 - 2931363 - W 
- 130,000 145,000 - 3021375 - W 

- 130,000 145,000 - 3111388 - W 

- 140,000 155,000 - 3111388 - W 
- 140,000 155,000 - 3111401 - W 

- 140,000 155,000 - 3211415 - W 

- 150,000 165,000 - 3211415 - W 
- 150,000 165,000 - 3311429 - W 

- 150,000 165,000 - 3411444 - W 

- 105,000 120,000 - 2481311 - W 
- 100,000 115,000 - 2551321 - W 

- 100,000 115,000 - 2621321 - W 

- 120,000 135,000 - 269/341 - W 
- 120,000 135,000 - 2771352 - W 

- 120,000 135,000 - 285/363 - W 

- 120,000 135,000 - 2931363 - W 

- 130,000 145,000 - 293/363 - W 
- 130,000 145,000 - 302/388 - W 

- 130,000 145,000 - 3111388 - W 

- 140,000 155,000 - 3111401 - W 
- 140,000 155,000 - 3211415 - W 

- 150,000 165,000 - 3211415 - W 
- 150,000 165,000 - 3311429 - W 

Footnotes are grouped on the last page 01 this Part 1\ series, 



~ 

Mechanical properlles 

Is mlgr's Nominal Bolls, screws, studs Nuls Hardness 

Grada ASTM ID slza Prool Ylald Tanslle Prool 
ID spac Faslener symbol range load slrenglh slrenglh load Ramarks 

mark number descrlpllon Malerlal req'd? (lnchl (psll (min psll (min psll (psll Brlnell Rockwell or loolnolel 

B24V A540, Bqlls, sluds, washers, and AISI 4340V Mod, Yes Thru 4 - 130,000 145,000 - 293/363 - W 
(VI Grade ·nuls lor nU,Jear and olher quenched & lempered Over - 130,000 145,000 - 302/375 - W 

B24V special applications 4-8 
Class 3 Over - 130,000 145,000 - 3111388 - W 

8 - 11 

B24V A540, Bolls, sluds, washers, and AISI 4340V Mod, Yes Thru 4 - 140,000 155,000 - 3111388 - W 
(V) Grade nuls lor nuclear and olher quenched & lempered Over - 140,000 155,000 - 3111401 - W 

B24V special applications 4 - 8 
Class 2 Over - 140,000 155,000 - 3211415 - W 

8 - II 

B24V A540, Bolls, Sluds, washers, and AISI 4340V Mod, Yes Thru 4 - 150,000 165,000 - 321/415 - W 
(V) Grade nuls lor nuclear and olher quenched & lempered Over - 150,000 165,000 - 3311429 - W 

B24V special applications 4-8 
Class 1 Over - 150,000 165,000 - 3311444 - W 

8 - 11 

Nona A563, Nuls lor general Cllrbon sleel No :.: -1~ - - - Y 103/302 B55/C32 -
rlq'd Grade 0 slruclural and mechanical 

(XI use 

Nona A563, Nuls lor general Carbon sleel No X-4 - - - Y 116/302 B68/C32' -
rlq'd Grade A slruclural and mechanical 

(XI use 

Nona A563, Nuls lor general Carbon sleel No X-I - - - Y 1211302 B69/C3~ -
raq'd Grade B slructural and mechanical 1~; -1~ - - - Y 1211302 B69/C32 -

(X) use - A563, Heavy hex nuls lor Carbon steel Yes Y,-4 - - - 144,000 '143/352 B78/C38 Grade mark shall be 
\.) Grade C general structural and applied to one nul lace. 

mechanical use (Z,AA) 

~J A563, Heavy hex nuts lor ·Wealherlng steel Yes Y,-4 - - - 144,000 143/352 B78/C38 Grade mark shall be 
Grade general slructural and applied 10 one nut lace, 

C3 mechanical use (Z,J) 

D A563, Nuts lor general slruclural Alloy sleel Yes Y,-4 - - - Y 159/352 B84/C38 Grade mark shall be 
Grade D and mechanical use applied 10 one nut lace, 

(Z,AA) 

DH A563, Nuls lor general struclural Alloy steel, Yes Y,-4 - - - Y 248/352 C24/C38 Grade mark shall be 
Grade and mechanical use quenched & tempered applied 10 one nul lace. 

DH (Z,BB) 

DH3 A563, Heavy hex nuls lor Wealherlng sleel, Yes Y,-4 - - - 175,000 248/352 C24JC38 Grade mark shall be 
Grade general slruclural and quenched & lempered applied 10 one nul lace, 
DH3 mechanical use (J,Z) 

Footnotes are grouped on the lasl page 01 this Part II series. 



VI 
VI 

Grade 
10 

mark 

& 

• 

10 

12 

as 

883 

101 

1OS3 

ASTM 
.pec 

number 

A563.M. 
Class 5 

A563M. 
Class 9 

A563M. 
Class 10 

A563M 
Class 12 

A563M, 
Class 85 

A563M, 
Class 
853 

A563M, 
Class 
IDS 

A563M. 
Class 
1083 

Fastener 
descrlpllon 

Nuts lor general structural 
and mechanical use-
metric 

Nuls lor general structural 
and mechanical use-
metric 

Nuls lor general slructural 
and mechanical use-
metric 

Nuts lor general struclural 
and mechanical use-
melrlc 

Nuls lor general struclural 
and mechanical use-
metric 

Nuls lor general structural 
and mechanical use-
metric 

Nuls lor general structural 
and mechanical use-
melrlc 

Nuls lor general struclural 
and mechanical use-
metric 

Is mlgr's Nominal 
10 size 

.ymbol range 
Material req'd? (mm) 

Carbon steel No Ml.6-
M4 

M5& 
M6 

M8& 
Ml0 

M12-
M16 

M20· 
M36 

M42-
Ml00 

Carbon sleel No M3· 
M4 

M5& 
M6 

M8& 
Ml0 

M12-
M16 

M20· 
MIOO 

Alloy sleel. Yes Ml.6-
quenched & lempered MID 

M12-
M16 

M20· 
M36 

Alloy sleel. Yes M3-
quenched & lempered M6 

M8& 
MID 

M12-
M16 

M20-
Ml00 

Carbon sleel Yes M12-
M36 

Wealhering sleel Yes M12-
M36 

Alloy steel. Yes M12-
quenched & tempered M36 

Weathering steel. Yes M12-
quenched & lempered M36 

Mechanical proper lies 

Bolls, screws, studs Nuls Hardness 

Prool Yield Tensile Prool Remarkl 
load strength strength load Brlnell Rockwell or lootnot •• 

- - - 520 Vickers B701C30 Z,DD 
MPa 130/302 

- - - 580CC Vickers B70/C30 I.DD 
MPa 130/302 

- - - 590cc Vickers B70/C30 I,DD 
MPa 130/302 

- - - 610ce Vickers B701C30 Z.DD 
MPa 130/302 

- - - 630ce Vickers B781C30 I. DO 
MPa 146/302 

- - - 630ce Vickers B10/C30 I.DO 
MPa 128/302 

- - - 900 Vickers B85/C30 I,DD 
MPa 170/302 

- - - 9t5 Vickers B89/C30 I,DD 
MPa 188/302 

- - - 940 Vickers B89/C30 I.DD 
MPa 188/302 

- - - 950 Vickers B89/C30 Z.DD 
MPa 188/302 

- - - 920 Vickers 889/C30 Z,DD 
MPa 188/302 

- - - 1040 Vickers C26/C36 I,DO 
MPa 272/353 

- - - 1050 Vickers C26/C36 I. 00 
MPa 272/353 

- - - 1060 Vickers C26/C36 Z.DD 
MPa 272/353 

- - - 1150"" Vickers C26/C36 I,OO 
MPa 272/353 

- - - 1160CC Vickers C26/C36 I,DD 
MPa 212/353 

- - - 119rfX Vickers C26/C36 Z,DO 
MPa 272/353 

- - - 1200CC Vickers C261C36 Z,DD 
MPa 272/353 

- - - 1075 Vickers B89/C38 1.0D 
MPa 188/372 

- - - 1075 Vickers B89/C38 J.Z,DD 
MPa 1881372 

- - - 12451,,\; Vickers C26/C38 Z.DO 
MPa 2721372 

- - - 1245 Vickers C26/C38 J.Z.DD 
MPa 2721372 

Footnotes are grouped on the last page 01 this Part II series. 



VI 
0-

Orada 
10 

mark 

None 
req'd 

See EE 

12.8 

A117 

Sea 
"Remarkl" 

None 
req'd 

None 
req'd 

None 
req'd 

OR30 

OR66 

OR7S 

OR40 

OR60 

ASTM 
Ipec 

number 

A574 

A574M 

A667 

A761 

C646 

C893 

C894 

F432, 
Grade 

30 

F432, 
Grade 

55 

F432, 
Grade 

75 

F432, 
Grade 

40 

F432, 
Grade 

60 

II mlgr'l 
ID 

Faslener Iymbol 
descrlpllon Malerlal req'd? 

Sockel head cap screws Alloy sleel, quenched No 
& lempered (EE) 

Sockel head cap screws, Alloy sleel, quenched Yes 
melrlc & lempered 

Bolls & sluds Alloy sleel, quenched No 
& lempered 

Fasleners for pipe, pipe Galvanized sleel Yes 
anchors and arches 

Drill screws for gypsum Grade 1013 fo 1022 No 
board on IIghl-gage sleel carbon steel wire In 
shanks accordance with 

ASTM A546. 

Type G scr_s for Grade 1013 to 1022 No 
gypsum board 10 gypsum carbon sleel wire In 
board accordance with 

ASTM A548 

Type W screws for Grade 101310 1022 No 
gypsum board 10 wood carbon sleel wire In 
framing accordance with 

ASTM A546 

Roof & rock bolts and Carbon sleel Yes 
accessories 

Roof & rock bolls and Carbon sleel Yes 
accessories 

Roof & rock bolts and Carbon sfeel Yes 
accessories 

Roof & rock bolts- Carbon sleel Yes 
headed deformed bars 

.. 

Roof & rock bolls- Carbon sleel Yes 
headed deformed bars 

Mechanical properties 

Nominal Bolls, IcraWI, sluds Nuls HardnalS 

Ilza Prool Ylald Tanslle Prool 
ranga load slrenglh .Irenglh load Rem.rk! 
(Inch) (psi) (min psi) (min psi) (psi, Brlnell Rockwell or loolnol •• 

:{ and 140,000 - 160,000 - - G39/C45 H 
smaller FF 

%-4 135,000 153,000 170,000 - - C371C45 

M1.6 - 970 1100 1220 - Vickers C36/C44 GG 
M46mm MPa MPa MPa 372/434 

DPH 

%-3 - 105,000 150,000 - - - Marking appears on Ihe 
max end of product. HH 

Yo only f See Footnote II • 

- - - - - - C45 min 
case 

hardness 

- - - - - - C45 min -
case 

hardness 

- - - - - - C45 min -
case 

hardness 

Yo - 1 - 30,000 60,000 - See ASTM F432 -- JJ 

% -1:{ - 55,000 65,000 1- See ASTM F432 _ JJ 

%-1 - 75,000 100,000 1- See ASTM F432 __ JJ 

All sizes - 4 See ASTM A615 __ JJ 

All sizes - 4 See ASTM A615 __ JJ 

Foolnoles are grouped on Ihe lasl page 01 Ihis Pari II series. 



U\ 
-.J 

Orade 
10 

mark 

See 
"Remarkl" 

M 

3M 

None 
req'd 

None 
req'd 

None 
req'd 

None 
Jeq'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

ASTM 
spec Fastener 

number descrlpllon 

F436 Hardened washers 

F436M Hardened washers-
Melric Type 1 

F436M Hardened washers-
Melric Type 3 

F467 Nuls lor general use 

F"67 Nuls lor general use 

F467 Nuls lor general use 

F467 Nuls lor general use 

F467 Nuls lor general use 

F467 Nuls lor general use 

F461 Nuls lor general use 

F461 Nuls lor general use 

F467 Nuls lor general use 

F467 Nuls lor general use 

F467 Nuls lor general use 

F461 Nuls lor general use 

F467 Nuls lor general use 

Is mlgr's Nominal 
10 Ilze 

symbol range 
Malerlal req'd? (Inch) 

Carbon or wealhering Yes l~ . 4 
sleel 

Carbon sleel Yes M12· 
MIOOmm 

Wealhering sleel Yes M12· 
MlOOmm 

ETP copper UNS No Yo. 1 ~ 
CllOOO 

8rass No Yo ·I~ 
UNS 27000 

Naval brass No Yo ·I~ 
UNS C46200 

Naval brass No Yo. I~ 
UNS C46400 

Phosphor bronze No Yo. I~ 
UNS C51000 

Aluminum bronze No Yo • 1!~ 
UNS C61300 

Aluminum bronze No Yo. I~ 
UNS C61400 

Aluminum bronze No' Yo. 1 ~ 
UNS C63000 

Aluminum silicon No Yo. 1 ~ 
bronze UNS C64200 

Silicon bronze No Yo. 1 ~ 
UNS C65100 

Silicon bronze No Yo. 1 ~ 
UNS C65500 

Silicon bronze No Yo .,~ 
UNS C66100 

Manganese bronze No Yo • 1 Yo 
UNS C67500 

Mechanical properU .. 

Bolli, IcrewI, Itudl Null Hardnels 

Prool Yield Tensile Prool 
load strength atrenglh load Remarks 
(psi) (min psi) (min pII) (psi, Brlnell Rockwell or loolnolel 

- - - - - See Type 3 (wealhering 
ASTM sleel) washers shall be 
F436 marked wilh Ihe symbol 

"3" KK 

- - - - - TT KK 

- - - - - TT KK 

- - - 30,000 - F65 -
min min 

- - - 60,000 - F55 -
min min 

- - - 50,000 - 865 -
min min 

- - - 50,000 - 855 -
min min 

- - - 60,000 - 860 -
min min 

- - - 80,000 - 870 -
min min 

- - - 75,000 - 870 -
min min 

- - - 100,000 - 885 -
min min 

- - - 75,000 - 875 -
min min 

- - - 70,000 - 815 -
min min 

- - - 50,000 - 860 -
min min 

- - - 70,000 - 815 -
min min 

- - - 55,000 - 860 -
min min 

9 



Ul 
00 

Orade ASTM 
ID IpeC Faslener 

mark number delcrlpUon 

None F461 Nuts lor general use 
req'd 

None F467 Nuts lor gendral use 
req'd 

None F467 Nuts lor general use 
req'd 

None F467 Nuts for general use 
req'd 

None F467 Nuls lor general use 
req'd 

None F467 Nuts lor general use 
req'd 

Neme F467 Nuts lor general use 
req'd 

None F467 Nuts lor general use 
req'd 

None F467 Nuts lor general use 
raq'd 

None F467 Nuls for general use 
req'd 

ASTM lootnot •• 

H. Bolls (scraws) Ie .. Ihan Ihlee d,lmele .. in lenglh (and 
Iluds less than tour diameters In length) shall have hard· 
ness values nOlless than (he minimum nOf mot. Ihan the 
ma •• mum hardness limits required. II hardness is than 
only mechanical requirement. 

I. E<cluding Slws. all mllklngs loc.led on lop 01 head. 
lalsed 01 depressed. 

J. Manufactura, may add othel dlstlnouishlng marks Indl· 
ciling the laSlene, IS atmospheric CO"Of~n resistant and 
01 a wealheling Iype 

K. All m3''''"95 shall be tocaled on lop 01 the head, ,alsed 
01 depllSsed Base 01 Plopelly cia .. symbols Shall be 
POSItIOned lowald Ihe clOsesl peliphelY 01 Ihe head 

U. The numelal I may be used 81 manulacIUle,'s oplion 

V. Ua,kmg 01 class idenllhcallon is nol mandalory. 

W. Grade and manufaclu,e,'s idenlilicaflon symbols shall 
be apphed 10 one end 01 lIuds and '0 heads 01 bolls 01 an 
sizes ur available area is rnadeQuale, 9rade symbol may 
be marked on one end and lhe manuraClure,'S ideolrhea-
11011 symbol milked on Ihe olhel end) FOI bolls and .Iuds 

Is mlgr's 
10 

Iymbol 
Malerlal req'd? 

Cupro-nickel No 
UNS C71000 

Cupro-nickel No 
UNS C71500 

Ni-Mo based No 
UNS Nloool 

Ni·Mo-Cr based No 
UNS N1DOO2 

Ni.cu Ctass A No 
UNS N04400 

Ni.cu Class B No 
UNS N04405 

Ni:Cu-AI based No 
UNS N05500 

Aluminum 2024 No 
UNS A92024 

Aluminum 6061 No 
UNS A96061 

Aluminum 6262 No 
UNS A96262 

smaller than y.. diameter and lor y.. 'Iuds ,eQUI,lno more 
than a lotal ollhree svmbols. the marking shall be. mill" 
01 agreemenl belween purchaser and manu'aClure,. 

X. When individual glade malklng Is specilled In Ihe In
gUlly and oldel. Ihe malk shall be Ihe glada lonal IYlTlbol 
on on8 nul lace. 

Y. Plool load siresses vary depending on nul slyle. slle. 
thread series. and In soma cases on whelher Of nol nuls 
.,e galvanized Relello ASTM Sianda,d A563101 lpecillc 
values 

Z. Marks may be raised or depressed II. however, marks 
a,e Iocaled on Ihe bearing sur lace lor on one ollhe Wf8nc~ 
Ing lIa" 101 A563M Iuslene,,) Ihey shall be dep .. lled. 

AA. Nuls made in accoldance wilh ASTM A194. G,ade 2 

~~j~il~~1s";~~kG~ad~~ ~:~3~~u~:.mbol8'p' acceplable 

BS. Nuts made In accordance with ASTM ,. 11'4. Grade 
2H. and marked wilh liS grade symbol are all ,Icceptable 
equlyalenl(or Grade Oti nuls. 

CC. Ploot load sUesses are ,educed lor 0""'" : 'ood nu's 

Mechanical proper lies 

Nominal Bolls, screws, sluds Nuls Hardness 

size Proal Yield Tensile Proal 
range load Ilrengih Ilrengih load Remarka 
(Inch) (pll) (min pll) (min pilI (pilI Brlnell Rockwell or loolnolll 

Yo ·1~ - - - 45.000 - B50 -
min min 

Yo. l~ - - - 55.000 - B60 -
min min 

Yo. 1~ - - - 115.000 - C20 -
min min 

Yo ·1~ - - - 110.000 - C20 -
min min 

Yo ·1~ - - - 80.000 - B75 -
min min 

Yo. 1~ - - - 70.000 - B60 -
min min 

Yo. 1~ - - - 130.000 - C24 -
min 

Yo. 1~ - - - 55.000 
min 

Yo. l~ - - - 40.000 
min 

Yo . . 1~ - - - 52.000 

Rei., 10 ASTM A~63M 101 specrlic vllue. 

DO. NulS In nominal thread diameters M4 and smaller 
naed nol be marked Prope,ly class deSignations shall be 
localed on Ihe lop 0' bealing lu,lace. on Ihelop oiliange. 
or on ooe d' the wrenching tlats 01 Ihe nUl. Mart\ings 10-
caled on Ihe top or bearing surface or on Ihe lop 01 the 
lIanga shall be POsilioned wllh Ihe base ollhe numela~s) 
Olionled toward Ihe nul periphery. ~Class 9 nuts marked on 
on. wlenchlng lIal shall have Ihe numelal9 undellined) 

EE. In Ihe USA Ihelels only one glade 01 sockel·head cap 
screw commercially ayailable and mosl manu'aclu,e,s 
apply their own source ma,ks by knurling palle.n around 
Ihe ouiside 01 Ihe head 

FF. When equipment 01 sulfjcienl capaclly Is nol feadlly 
.vailable. machined specimens shall meel '53 kSI. min 
y,eld sllenglh. 

00. All sc,ews wilh nominal diameters 0' 5 mm and larger 
require marking Marking may be. on Side or lop 01 head 

HH. Marking small siles Icustomarily less Ihan \.} may 
nol be praclteal. Consull producer lor minimum SIZe Ihal 
can be marked 

min 

min 

- B70 -
min 

- B40 -
min 

- B60 -
min 

II. A.sembly bollS conlolm 10 ASIM AU9 I_"emenll; 
nuls conlorm 10 Grade C 01 A563 H •• dwall anchor.o. 
boiling male"al conlolms 10 A307 Ind nulS confolm 10 
Glade B 01 A563 

JJ. Boll heads shall be marked wllh either fllSed or de
pressed marks al manu'aclu,el's oplion. Marks shall .n
clude grade and diameter idenlilicalton when applicable. 
manulaclurer's symbol and boll length 

threaded biIS. Ihreaded slolled bals. ealftnStons. bev· 
eled washers. threaded lapered plugS. wedges. spherical 
washers. threaded couplings. and Ual beaflng plales are 
nol required 10 be malked Oelormed beaflng and header 
plales ptus hardened washers shall be ma,kP.d Wllh manu· 

~i~~Ulr~!1;1~~~c~~:It:.a:~ ':hl~~~~:: :.~:~~~~~cc~ 
lured Eapanslon shells shall bn malked wllh manufac· 
lurer's symbol and hole Sill lor whtCh lhey a" Intended 

KK. All marking symbols shall be deptfsSP.d on one 
washer face. 

TT. Rockwell haldness IS CJ8/C45 "H(lug" hardi'rell If'm· 
pered. C26A;"~ hop·dlp galvan1lt". A691A1J C.ubutrzr-d 
0&1 
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Grade and material markings -Part III 

ASTM markings 
The American SOciety for Testing and Materiats, 1916 Race St, Phitadelphia, PA 19103, sponsors devetopment of speCifications for fasteners used in general and special engineering applications. 
These specifications detail chemical and mechanical properties of material strength levels for fasteners and are generally specifiC in referencing the actual product covered. A full range of 
types of products of various styles, thread series, lengths, etc, can be produced to meet ASTM requirements and would be marked for grade and material identification as required. 

ASTM Grade and material identification markings required by ASTM specifications 

Mechanical properties 

Is mlgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM 10 size Prool Yield Tensile Prool 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) (psi) Brlnell Rockwell or lootnotes 

None F467 Nuts lor general use Titanium Gr 1 No Yo - 11'. - - - 40,000 - Vickers -
req'd min 140 min 

None F467 Nuts lor general use Titanium Gr 2 No Yo -11'. - - - 55,000 - Vickers -
req'd min 150 min 

None F467 Nuts lor general use Titanium Gr 4 No Yo -111, - - - 85,000 - Vickers -
req'd min 200 min 

None F467 Nuts lor general use Titanium Gr 5 No Yo - 1 Y. - - - 135,000 - C30 -
req'd min min 

None F467 Nuts lor general use Titanium Gr 7 No Yo - 1 Y. - - - 55,000 - Vickers -
req'd min 160 min 

None F467M Nuts lor general use- ETP copper No M6- - - - 205 - F65 -
req'd metric UNS Cl1000 M36mm MPa min 

None F467M Nuts lor general use- 8rass No M6- - - - 415 - F55 -
req'd metric UNS C27000 M36mm MPa min 

None F467M Nuts lor general use- Naval brass No M6- - - - 345 - 865 -
req'd metric UNS C46200 M36mm MPa min 

None F467M Nuts lor general use- Naval brass No M6- - - - 345 - 855 -
req'd metric UNS C46400 M36mm MPa min 

None F467M Nuts lor general use- Phosphor bronze No M6- - - - 415 - 860 -
req'd metric UNS C51000 M36mm MPa min 

None F467M Nuts lor general use- Aluminum bronze No M6- - - - 520 - 870 -
req'd metric UNS C61400 M36mm MPa min 

M6- - - - 690 - 885 -
q M36mm MPa min 
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Mechanical properties 

Is mfgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM 10 size Proof Yield Tensile Proof 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (min) (min) Brinell Rockwell or footnotes 

None F467M Nuts for general use- Aluminum silicon No M6- - - - 520 - B75 -
req'd metric bronze UNS C64200 M36 mm MPa min , 

None F467M . Nuts for general use- Silicon bronze No M6- - - - 485 - B75 -
req'd metric UNS C65100 M36mm MPa min 

None F467M Nuts for general use- Silicon bronze No M6- - - - 345 - B60 -
req'd metric UNS C65500 M36 mm MPa min 

None F467M Nuts for general use- Silicon bronze No M6- - - - 485 - B75 -
req'd metric UNS C66100 M36mm MPa min 

None F467M Nuts for general use- Manganese bronze No M6- - - - 380 - B60 -
req'd metric UNS C67500 M36mm MPa min 

None F467M NulS for general use- Cupro-nickel No M6- - - - 310 - B50 -
req'd metric UNS C71000 M36mm MPa min 

None F467M Nuts for general use- Cupro-nickel No M6- - - - 380 - B60 -
req'd metric UNS C71500 M36 mm MPa min 

None F467M Nuts for general use- Ni-Mo based No M6- - - - 790 - C20 -
req'd metric UNS NIOOOI M36 mm MPa min 

None F467M Nuts for general use- Ni-Mo-Cr based No M6- - - -- 760 - C20 -
req'd metric UNS NIOO02 M36 mm MPa min 

None F467M Nuts for general use- Ni-Cu Class A No M6- - - - 550 - B75 -
req'd metric UNS N04400 36 mm MPa min 

None F467M Nuts for general use- Ni-Cu Class B No M6- - - - 485 - B60 -
req'd metric UNS N04405 M36mm MPa min 

None F467M Nuts for general use- Ni-Cu-AI based No M6- - - - 900 -- C24 -
req'd metric UNS N05500 M36mm MPa min 

None F467M Nuts for general use- Aluminum 2024 No M6- - - - 380 - B70 -
req'd metric UNS A92024 M36 mm MPa min 

None F467M Nuts for general use- Aluminum 6061 No M6- - - ---- 275 - B40 -
req'd metric UNS A96061 M36 nHn MPa min 

None F467M Nuts for general use- Aluminum 6262 No M6- - - --- 360 - B60 -
req'd metric UNS A96262 M36 mill MPa min 

-
None F467M Nuts for generat use- Titanium Gr I No M6- -- - 275 -- Vickers -
req'd metric M36 mm MPa 140 min 

None F467M Nuts for general use- Titanium Gr 2 No M6- -- ._"- -- 3BO --- Vickers --
req'd rnetrlc M36 mill MPa 150 tnlll 



Mechanical properties 

Is mlgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM 10 size Prool Yield Tensile Prool 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) (psi) Brinell Rockwell or footnotes 

None F467M Nuts for general use- Titanium Gr 4 No M6- - - - 590 - Vickers -
req'd metric M36mm MPa 200 min 

None F467M Nuts for general use- Titanium Gr 5 No M6- - - - 930 - C30 -
req'd metric M3timm MPa min 

None F467M Nuts for general use- Titanium Gr 7 No M6- - - - 380 - Vickers -
req'd mel ric M36mm MPa 160 min 

None F468 Bolts, hex cap screws, ETP copper No Yo - 1}~ - 10,000 30,000 - - ~ -
req'd and studs for general use UNS Cll000 min F90 

50,000 
max 

None F468 Bolls, hex cap ~crews, Brass No Yo-ly' - 50,000 60,000 - - ~ -
req'd and studs for general use UNS C27000 min 80 

90,000 
max 

None F468 Bolls, hex cap screws, Naval brass No Yo-ly' - 25,000 50,000 - - ~ -
req'd and studs for general use UNS C46200 min B90 

80,000 
max 

None F468 Bolts, hex cap screws, Naval brass No Yo -1y' - 15,000 50,000 - - ~ -
req'd and studs for general use UNS C46400 min 75 

80,000 
max 

None F468 Bolls, hex cap screws, Phosphor bronze No Y.. -1y' - 35,000 60,000 -- - B60 -
req'd and studs for general use UNS C51000 min 1395 

90,000 
max 

None F468 Bolls, hex cap screws, Aluminum bronze No Yo - 'i - 50,000 80,000 - - ~ -. " 
req'd and studs for general use UNS C61300 min 95 

110,000 
max 

% - 1}~ - 45,000 75,000 -- - ~ -
min B95 

105,000 
max 

None F468 Bolls, hex cap screws, Aluminum bronze No !,~ - n~ - 35,000 75,000 - - B70 -
req'd and studs for general use UNS C61400 min 1395 

110,000 
max 

~ 
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Mechanical properties 

Is mfgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM 10 size Proof Yield Tensile Proof 
10 spec Fastener symbol range load strength strength load Remarks 

mark number descrlpllon Material req'd? (Inch) (psi) (min psi) (min psi) (psi) Brlnell Rockwell or footnotes 

None F468 Bolts, hex cap screws, Aluminum bronze No X - 1 Y, - 50,000 100,000 - - ~ -
req'd and studs for general use UNS C63000 min 8100 

130,000 
max 

None F468 80lts, hex cap screws, Aluminum silicon No X - 11, - 35,000 75,000 - - 8l5- -
req'd and studs for general use bronze UNS C64200 min 895 

110,000 
max 

None F468 80lts, hex cap screws, Silicon bronze No X-Y. - 55,000 70,000 - - 8..D- -
req'd and sluds for general use UNS C65100 min 895 

100,000 
max 

% -1Y, - 40,000 55,000 - - 8Z!J- -
min 895 

90,000 
max 

None F468 80lts, hex cap screws, Silicon bronze No x-nr, - 20,000 50,000 - - B.§.Q... -
req'd and studs for general use UNS C65500 min 880 

80,000 
max 

None F468 Bolts, hex cap screws, Silicon bronze No X - 1 Y, - 35,000 70,000 - - B..B- -
req'd and studs for general use UNS C661 00 min B95 

100,000 
max 

None F468 Bolts, hex cap screws, Manganese bronze No X - 1 Y, - 25,000 55,000 - - 8.§Q.. -
req'd and studs for general use UNS C67500 min B90 

85,000 
max 

None F468 80lts, hex cap screws, Cupro-nickel No X - 11, - 15,000 45,000 - -
8i& 

-
req'd Bnd studs for general use uNS C71000 min 85 

75,000 
max 

None F468 Bolts, hex cap screws, Cupro-nickel No X -1Y, - 20,000 55,000 -- -
~ -

req'd and studs for general use UNS C71500 min 95 
85,000 

max 

None F468 801ts, hex cap screws, Ni-Mo based No X - 11, - 45,000 115,000 --- - C20 -
req'd and studs for general use UNS N10001 min ""'62 

145,000 
max 
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Grade 
10 

mark 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

ASTM 
spec 

number 

F468 

F468 

F468 

F468 

F468 

F468 

F468 

Fastener 
description 

Bolts, hex cap screws, 
and studs for general use 

Bolts, hex cap screws, 
and studs for general use 

Bolts, hex cap screws, 
and studs for general use 

Bolts, hex cap screws, 
and studs for general use 

Bolts, hex cap screws, 
and studs for general use 

Baits, hex cap screws, 
and studs for general use 

Bolts, hex cap screws, 
and studs for general use 

Is mlgr's Nominal 
10 size 

symbol range 
Material req'd? (Inch) 

Ni-Mo-Cr based No X - 1 Y, 
UNS Nl0002 

Ni-Cu Class A No X-X 
UNS N04400 

% - 1 Y, 

Ni-Cu Class A No X - 1 Y, 
UNS N04400 
Hot formed product 

Ni-Cu Class B No X - 1 Y, 
UNS N04405 

Ni-Cu-AI based No 1.-% 
UNS N05500 

1 - 1 Y, 

Aluminum 2024 No X - 1 Y, 
UNS A92024 

Aluminum 6061 No X-I Y, 
UNS A96061 

Mechanical properties 

Bolls, screws, studs Nuts Hardness 

Proof Yield Tensile Proof 
load strength strength load Remarks 
(psi) (min psi) (min psi) (psi) Brlnell Rockwell or footnotes 

- 45,000 110,000 - - C3,Q.- -
min C32 

140,000 
max 

- 40,000 80,000 - - Br§- -
min C25 

130,000 
max 

- 30,000 70,000 - - B§9.- -
min C25 

130,000 
max 

- 30,000 70,000 - - B.§O.- -
min B95 

120,000 
max 

- 30,000 70,000 - - B§Q- -
min C20 

125,000 
max 

- 90,000 130,000 - - C?1- -
min C37 

180,000 
max 

- 85,000 130,000 - - C?1- -
min C37 

180,000 
max 

- 36,000 55,000 - - BDl- -
min B85 

70,000 
max 

- 31,000 37,000 - - BjQ- -
mill B50 

52,000 
max 
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Grade and material markings-Part IV 

ASTM markings 
The American Society for Testing and Materials, 1916 Race S1. Philadelphia, PA 19103, sponsors development of specifications for fasteners used in general and special engineering applications. 
These specifications detail chemical and mechanical properties of material strength levels for fasteners and are generally specific in referencing the actual product covered. A full range 01 
type's 01 products of various styles, Ihread series, lengths, etc, can be produced to meet ASTM requirements and would be marked lor grade and material identilication as required. 

ASTM Grade and material identification markings required by ASTM specifications 

Mechanical properties 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM 10 size Proof Yield Tensile Proof 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (Inch) (psi) (inln psi) psi (psi) Brlnell Rockwell or footnot.s 

None F468 Bolls, hex cap screws, Aluminum 7075 No X -1% - 50,000 61,000 - - ~ -
req'd and studs for general use UNS A97075 min B90 

76,000 
max 

None F468 Bolls, hex cap screws, Titanium Gr 1 No X -1% - 30,000 40,000 - - Vickers -
req'd and studs lor general use min 140/160 

70,000 
max 

None F468 Bolts, hex cap screws, Titanium Gr 2 No X -1% - 45,000 55,000 - - Vickers -
req'd and sluds lor general use min 160/180 

85,000 
max 

None F468 Bolls, hex cap screws, Titanium Gr 4 No X- nt, - 75,000 85,000 - - Vickers -
req'd and studs lor general use min 200/220 

115,000 
max 

None F468 Bolls, hex cap screws, Titanium Gr 5 No X - 1}~ - 125,000 135,000 - - 9.9- -
req'd and studs for general use min C36 

165,000 
max 

None F468 Bolls, hex cap screws, Titanium Gr 7 No X -1% - 45,000 55,000 - - Vickers -
req'd and sluds for general use min 160/180 

85,000 
max 

1II0ne F468M Bolls, hex cap screws, ETP copper No M6- - 70 205 min - - ~ -
req'd and studs for general use UNS C11DOD M36mm MPa 345 max F90 

- .. rnetric MPa 
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Grade 
10 

mark 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

ASTM 
spec 

number 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

F468M 

Fastener 
description 

Bolts, hex cap screws, 
and studs for general use 
-metric 

Bolts, hex cap screws, 
and studs for general use 
-metric 

Bolts, hex cap screws, 
and studs for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-metric 

Bolts, hex cap screws, 
and studs for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-metriC 

Baits, hex cap screws, 
and studs for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-metric 

Bolls, ~lex cap screws, 
and sluds for general use 
-metric 

Baits, hex cap screws, 
and studs for general use 
-mp.trir. 

Is mlgr's Nominal 
10 size 

symbol range 
Malerlal req'd? (mm) 

Brass No M6-
UNS C27000 M36 

Naval brass No M6-
UNS C46200 M36 

Naval brass No M6-
UNS C46400 M36 

Phosphor bronze No M6-
UNS C51000 M36 

Aluminum bronze No M6-
UNS C61400 M36 

Aluminum bronze No M6-
UNS C63000 M36 

Aluminum silicon No M6-
bronze UNS C64200 M36 

Silicon bronze No M6-
UNS C65100 M20 

M24 -
M36 

Silicon bronze No M6-
UNS C65500 M36 

Silicon bronze No M6-
UNS C66100 M36 

Manganese bronze No M6-
UNS C67500 M36 

Cupro-nickel No M6-
UNS C71000 M36 

Mechanical properties 

Bolls, screws, studs Nuts Hardness 

Prool Yield Tensile Prool 
load strength strength load Remarks 

lMPa) (min MPa) MPa (MPa) Brlnell Rockwell or lootnotes 

- 345 410 min - - ~ -
620 max F80 

- 170 345 min - - ~ -
550 max B90 

- 105 345 min - - Bj5.-- -
550 max B75 

- 240 410 min - - ~ -

620 max B95 

- 240 520 min - - !Wl--- -
760 max B95 

- 345 690 min - - ~ -
900 max BtOO 

- 240 520 min - - B~ 
-

760 max B95 

- 380 480 min - - ~ -
690 max B95 

- 275 380 min ~~ - % -
620 lTIax 95 

- 140 345 lTIin - - ~ 
-

550 max 80 

- 240 480 min - - ~ 
-

690 lTIax B95 

- 170 380 min -,,- - ~ -
590 max B90 

- 105 310 min - - ~ -
520 max B85 
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Mechanical properties 

Is mlgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM ID size Proof. Yield Tensile Proof 
ID spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (mm) (MPa) (min MPa) MPa Brlnell ~ockwell or IQotnotes 

None F468M Bolts, hex cap screws, Cupro-nickel No M6- - 140 380 min - - ~ -
req'd and studs for general use UNS C71500 M36 590 max B95 

-metric 

None F468M Bolts, hex cap screws, Ni-Mo based No M6- - 310 790 min - - ~ -
req'd and studs for general use UNS Nl000l M36 1000 max C32 

-metric 

None F468M Bolts, hex cap screws, Ni·Mo·Cr based No M6- - 310 760 min - - SQ.- -
req'd and studs for general use UNS Nl0002 M36 970 max C32 

-metric 

None F468M Bolts, hex cap screws, Ni-Cu Class A No M6- - 215 550 min - - ~ -
req'd and studs for general use UNS N04400 M20 900 max C25 

-metric M24- - 205 480 min - - ~ -
M36 900 max C25 

None F468M Bolts, hex cap screws, Ni·Cu Class A No M6- - 205 480 min - - ~ -
req'd and studs for general use UNS N04400 M36 830 max B95 

-metric Hot formed product 

None F468M Bolts, hex cap screws, Ni-Cu Class B No M6- - 205 480 min - - ~ -
req'd and studs for general use UNS N04405 M36 860 max C20 

-metric 

None F468M Bolts, hex cap screws, Ni-Cu·AI based No M6- - 620 900 min - - % -
req'd and studs for general use UNS N05500 M20 1240 max 37 

-metric M24- - 590 900 min - - ~ -
M36 1240 max C37 

None F468M Bolts, hex cap screws, Aluminum 2024 No M6- - 250 380 min - - ~ -
req'd and studs for general use UNS A92024 M36 480 max B85 

-melic 

None F468M Bolts, hex cap screws, Aluminum 6061 No M6- - 215 260 min - - ~ -
req'd and studs for general use UNS A96061 M36 360 max B50 

-metric 

None F468M Bolts, hex cap screws, Aluminum 7075 No M6- - 345 420 min - - ~ -
req'd and studs for general use UNS A97075 M36 520 max B90 

-metric 

None F468M Bolts, hex head screws, Titanium Gr 1 No M6- - 205 280 min - - Vickers -

req'd and studs for general use M36 480 max 140/160 
-metric 



'" --.J 

Grade 
10 

mark 

None 
req'd 

None 
req'd 

None 
req'd 

None 
req'd 

4.6 

4.8 

5.8 

8.8 

8.8 

8.8.3 

9.8 

+ 
(00) 

ASTM 
spec 

number 

F468M 

F468M 

F468M 

F468M 

F568 

F568 

F568 

F568 

F568 

F568 

F568 

F56fJ 

Fastener 
description 

Bolts, hex head screws, 
and studs for general use 
-metric 

Bolts, hex head screws, 
and studs for general use 

metric 

Bolts, hex head screws, 
and studs for general use 

metric 
Bolts, hex head screws, 
and studs for general use 
-metric 

Bolts, screws, studs for 
general engineering 
applications-metric 

Bolts, screws, studs for 
for general engineering 
applications-metric 

Bolts, screws, studs for 
general engineering 
applications-metric 

Bolts, screws, studs for 
general engineering 
applications-metric 

Bolts, screws, studs for 
general engineering 
applications-metric 

Bolts, screws, studs for 
general engineering 
applications-metric 

Bolts, screws (and studs 
M 12 or larger) for 
general engineering 
applications-metric 

Sttlds for general 
uneJilleering applications 
-metric 

Is mlgr's Nominal 
10 size 

symbol range 
Material req'd? (mm) 

Titanium Gr 2 No M6-
M36 

Titanium Gr 4 No M6-
M36 

Titanium Gr 5 No M6-
M36 

Titanium Gr 7 No M6 -
M36 

Low or medium Yes M5-
carbon steel M100 

Low or medium Yes M1.6 -
carbon steel, partially M16 
or fully annealed as 
required 

Low or medium Yes M5 -
carbon steel, cold M24 
worked 

Medium carbon steel, Yes M16-
quenched and M72 
tempered 

Low carbon Yes M16 -
martensite steel, M36 
quenched and 
tempered 

Atmospheric corrosion Yes M16-
resistant steel, M36 
quenched and 
tempered 

Medium carbon steel, Yes M1.6 -
quenched and M16 
tempered 

Mediulll carbon steel, Yes l.essthan 
C]ucllclwd and M12 
tempuleej 

Mechanical properties 

Bolls, screws, studs Nuts Hardness 

Prool Yield Tensile Prool 
load strength strength load Remarks 
(MPa) (min MPa) (min MPa) Brlnell Rockwell or loot notes 

- 310 380 min - - Vickers -
590 max 160/180 

- 520 590 min - - Vickers -
790 max 200/220 

- 860 930 min - - ~ -
1140 max C36 

- 310 380 min - - Vickers -
590 max 160/180 

225 240 400 - Vickers ~ K,LL,MM,NN 
120/220 B95 

310 340 420 - Vickers ~ K,LL,MM,NN 
130/220 B95 

380 420 520 - Vickers B~ K,LL,MM,NN 
160/220 B95 

600 660 830 - Vickers Sl- K,LL,MM,NN 
255/336 C34 

600 660 830 - Vickers C~ K,LL,MM,NN 
255/336 C34 

600 660 830 - Vickers SJ:-- J,K,LL,MM,NN 
255/336 C34 

650 720 gOO - Vickers 9b-:: K,LL,MM,NN,OO 
280/360 C36 

650 720 900 - Vickers 9J- K,LL,MM,NN,OO 
280/360 C36 

.~~~--

Footnotes are grouped on'tll-alast pageo! this Par'flVsarles 



0\ 
00 

Grade 
10 

mark 

± 
(00) 

9.8 

10.9 

0 
(00) 

0 
(00) 

10.9 

10.9.3 

12.9 

L::. 
(00) 

ASTM 
spec 

number 

F568 

F568 

F568 

F568 

F568 

F568 

F568 

F56El 

F56fi 

Fastener 
description 

'Sluds for general 
engineering applicalions 
--melric 

80its, screws (and sluds 
M 12 or larger) for 
general engineering 
applications-metric 

Bolts, screws (and studs 
M12 or larger) for general 
engineering applications 
-metric 

Siuds for general 
engineering applicalions 
-'-melric 

Siuds for general 
engineering applicalions 
-melrie 

Baits, screws (and Silicis 
M12 or larger) for general 
engineering applicalions 
-·melrie 

Bolis, screws, slucis lor 
general engineering 
aprlicalions-melric 

Bolls, screws (and sluds 
M12 or larger) for general 
engineering arrllcalions 

rnelrie 

Slucis for genf)ral 
engineer ing arpllcallolls 
-rnelric 

Is mlgr's Nominal 
ID size 

symbol range 
Material req'd? (mm) 

Low carbon Yes Less than 
martensile steel, M12 
quenclled and 
tempered 

Low carbon Yes Ml.6 -
martensite sleel, M16 
quenched and 
tempered 

Medium carbon steel, Yes M5-
quenched and M20 
tempered 
Medium carbon alloy Yes M5-
sleel, quenched and Ml00 
lempered 

Medium carbon or Yes Less than 
medium cartlon alloy M12 
steel, quenched and 
lempered 

Low carbon Yes Less lilan 
rnarlensile sleel, M12 
quenched anef 
lempered 

Low carbon Yes M5· 
111iHlensile sleel, M36 
quenched anci 
lempereef 

AIIl1ospl1eric corrosion Yes M16· 
resislanl sleel, M36 
quencheci anci 
lempered 

Alloy sleel, quencl1ed Yes Ml.6· 
and lempereci M100 

Alloy sleel, quencl18d Yes Less 111311 
and leillpered M12 

Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Prool Yield Tensile Prool 
load strength strength load Remarks 
(MPa) (min MPa) (min MPa) (MPa) Brinell Rockwell or loot notes 

650 720 900 - Vickers gz.z.- K,LL,MM,NN,OO 
280/360 C36 

650 720 900 - Vickers S:J.l-- K,LL,MM,NN,OO 
280/360 C36 

830 940 1040 -- Vickers 
%9 

K,LL,MM,NN,OO 
327/382 

830 940 1040 - Vickers 93- KLL,MM,NN,OO 
327/382 C39 

830 940 1040 - Vickers ~ K,LL,MM,NN,OO 
327/382 C39 

830 940 1040 - Vickers Q3- K,LL,MM,NN,OO 
327/382 C39 

830 940 1040 _.- Vickers SE: K,LL,MM,NN,OO 
327/382 C39 

830 940 1040 -- Vickers gJ- J,LL,MM,NN,OO 
327/382 C39 

970 1100 1220 ---- Vickers ~ K,LL,MM,NN,OO 
372/434 C44 

970 11()() 1221J Vickers gli- I<,LL,MM,NN,OO 
372/434 C44 

Footnotes are qrollped on trw last paqe of this Part IV series 



Mechanical properlies 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM ID size Proof Yield Tensile Proof 
10 spec Faslener symbol range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) psi (psi) Brinell Rockwell or footnotes 

1 F593 Bolls, hex cap screws Stainless steel, alloys No 
(PP) and studs 303, 303 Se, 304, (PP) 

305, 384, XM1, XM7 

• Cold worked X-% - 65,000 100,000 - - B~ I,PP 
150,000 C32 

Yo - 1!t, - 45,000 85,000 - - B.§.Q.-
140,000 C32 ------------

• Headed and rolled Y.-1l'; - 50,000 85,000 - - B85 
Irom annealed stock max max max 
and then re-annealed (machined 

specimen) 

• Machined from X -1:1,- - 30,000 75,000 - - B~ 
annealed or solution 100,000 B95 
annealed stock 

'Machined from X-% - 95,000 120,000 - - C~ 
strain hardened stock 160,000 C36 

Yo - 1 - 75,000 110,000 - - C3Jl.-
150,000 C32 

lY,-lX - 60,000 100,000 - - B~ 
140,000 C30 

1% -1:1, - 45,000 95,000 ~ - B2£l-
130,000 C28 

2 F593 Bolls, hex cap screws Stainless steel, No 
(PP) and studs alloy 316 (PP) 

• Cold worked X-% - 65,000 100,000 - - ~ I,PP 
150,000 C32 

Yo - 1 Y, - 45,000 85,000 - - ~ 
140,000 C32 

• Headed and rolled X -1Y, - 50,000 85,000 -- - B85 
Irom annealed stock max max max 
and then re-annealed (machined 

specimen) 

• Macllined Irom X-ll'; - 30,000 75,000 - - B~ 
annealed or solution 100,000 B95 
annealed stock 

• Macliined from x-% - 95,000 120,000 ---- - C~ 
51 ruill Ii"r ctened stock 160,000 C36 

Yo - 1 - 75,000 110,000 ._ ... - C1Q-
150,000 C32 

lY,-lX - 60,000 100,000 - - ~ 
140,000 C30 

1 Y. - 1); - 45,000 95,000 -- - ~ "'"130 000 C28 
Footnotes are grouped on Ihe last page of Ihis Part IV series 

$ 
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Mechanical properties 

Is mfgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM ID size Proof Yield Tensile Proof 
10 spec Fastener symbot range load strength strength load Remarks 

mark number description Material req'd? (inch) (psi) (min psi) psi (psi) Brinell Rockwell or footnotes 

3 F593· Bolts, hex cap screws, Stainless steel alloys No 
(PP) and studs 321 and 347 (PP) 

• Cold worked y'-Y., - 65,000 100,000 - - ~ I,PP 
150,000 C32 

% -1:1, - 45,000 85,000 - - ~ 
140,000 C32 

• Headed and rolled y'-Ill, - 50,000 85,000 - - B85 
from annealed stock max max max 
and then re-annealed (machined 

specimen) 

• Machined from Y. -1Y, - 30,000 75,000 - - B~ 
annealed or solution 100,poo B95 
annealed stock 

• Machined from x-% - 95,000 120,000 - - ~ 
strain hardened stock 160,000 C36 

}~ - 1 - 75,000 110,000 -- -
C3&2 150,000 32 

lYo-l:r. - 60,000 tOO,OOO -- -- ~ 
140,000 C30 

1 Yo - 1 Y, - 45,000 95,000 - - Bj!Q-
130,000 C28 

4 F593 Baits, hex cap screws, Stainless steel, alloys No 
(PP) and studs 430 and 430F (PP) 

• Machined from X - 1 !!~ - 35,000 70,000 - - % I,PP 
annealed or solution 100,000 95 
annealed stock 

5 F593 Baits, hex cap screws, Stainless steel, alloys No 
(PP) and studs 410,416, and 416 Se (PP) 

• Hardened and Y. - ty, -- 90,000 1 tO,OOO - - ~ I.PP 
tempered at 1050 F 140,000 C30 
min 

• Hardened and Y.-1Y, - 120,000 160,000 - - % tempered at 525 F 190,000 45 
min 

6 F593 Baits, hex cap screws, Stainless steel, alloy No 
(PP) and studs 431 (PP) 

• Hardened and !~ - 1 ~,~ - tOO,OOO t25,OOO _ .. -- ~ I,PP 

tempered at t050 F 150,000 C32 

min 

• Hardened and ---~{:'!~ - Tm:0001go.-mrO--~- --

~ tempered at 525 F 220,000 48 

min Footnotes are grouped on the last page of this Part IV series 



Grade 
10 

. mark 

7 
(PP) 

1 
(PP) 

A 

-..J -

Mechanical properties 

Is mfgr's Nominal Bolls, screws, studs Nuts Hardness 

ASTM ID size Proof Yield Tensile Prool 
spec Fastener symbol range load strength strength load Remarks 

number description Material req'd? (Inch) (psi) (min psi) psi (psi) Brinell Rockwell or loot notes 

F593 801ts, hex cap screws, Stainless steel, alloy No 
and studs 630 (PP) 

I: - 1 Y, 105,000 135,000 - ~ I,PP 
• Solut ion annealed - -
and age hardened 170,000 C38 

after forming 

F594 Nuts Stainless steel, alloys No 
303, 303 Se, 304, (PP) 
305,384, XM1, and 
XM7 

• Annealed after all y. - lY, - - - 70,000 - 885 I,PP 

threading min max 

• Machined from y. - 1 Y, - - - 75,000 - 8~ 
annealed or solution min 895 

annealed stock 

• Cold worked 1:-% - - - 100,000 - ~ 
min C32 

y. - 1 Y, - - - 85,000 - ~ 
min C32 

• Macllined from 1:-% - - - 120,000 - ~ 
strain hardened stock min C36 

y. - 1 - - - 110,000 - ~ 
min C32 

1 Y, - 1 I: - - - 100,000 - 8~ 
min C30 

1 % - 1 Y, - - - 85,000 - ~ 
min C28 

F541 Eyebolts Alloy steel, forged, Yes 1:-2Y, Refer to 70,000 min 95,000 - 1971248 ~ Markings are forged 
quenched, and tempered complete 

ASTM footnotes 
I. Excluding slUeJs, aU nlarkillUs loeaterJ on lop 01 ilead, 
fi:1ISecl Of dl~p,es:;e(J 

J. McifluiachH8f rnay atJd oOwr dlSllflgUlstllllg f!ldrks jnul" 
calulY the fastener IS anJlOsptlt:flC corroSion reSI~liJnl and 
or <.I VJt:!dlht!ling Iype 

K. AllllIdrkinys sllall be lOCated on lOP 01 the tlt;ad, r"llsed 
or depressed B<.aSll 01 prOpl:lly class sYllrlJ:)ls stl'-lll be 
P{J~jlli(JJle(j \owiud tht1 cto~t~S' pf!lIphery 01 Ulu/wdd 

F541 
spec 

lL. Alternatively, for hex head products, markings may be 
indented on side 01 head with Ihe base 01 the properly 
class symbols positioned toward the bearing surface 

MM. Botts and screws 01 nominal thread diameters small
tH ttl(:ln M5 Ileed not Le marked Additionally. slotted and 
recessed screws 01 nominal thread diameters M5 and 
talgel need not be marked. Mutflc bolts and screws shall 
flOI be marked with radwllinc symbol:i. 

100,000 
max 

101 in raised characters. 

NN. Studs 01 nominal thread diameters smaller than M5 
1lt!I.'Hj nol be marked Additionally. classes 4 6, 4 8, and 58 
Shlds smaller than M12 need not be marked 

00. Tills is tile grade mark symbol for sltJds of this proper· 
ty class III sizes M5 up to bill not Illcluding M 12 

PP. Grdde and ITwnulactUier's identification sYfllunts are 
wqlllrcd only when specilreo 011 the ordt:r 
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Grade and material markings-Part V 

ASTM. markings 
The American Society for Testing and Materiats, 1916 Race SI. Philadetphia, PA 19103, sponsors devetopment of specifications for fasteners used in general and speciat engineering applications. 
These specifications detait chemicat and mechanical properties of material strength levels for fasteners and <,Ire generally specific in referencing the actual product covered. A full range of 
types of products of various stytes, thread series, tengths, etc, can be proouced to meet ASTM requirements and woutd be marked for grade and material identification as required. 

ASTM Grade and material identification markings required by ASTM specifications 

Mechanical properUes 

Is mlgr's Nominal Boltl, IcreWI, Ituds Nuts Hardness 

Grade ASTM ID Ilze Prool Yield Tenille Prool 
10 spec Fastener svmbol range load Itrength strength load Remarkl 

mark number description Mllterlal req'd? (Incll) (psi) (min PI I) pil (pII) Brln811 Rockwell or loolnol.1 

2 t'594 Nuts Stainless steel, alloy No 
(PP) 316 (PP) I,PP 

• Annealed after all 1.-11, - - - 70,000 - B85 
threading min max 
• Machined from 1.-11, - - - 75,000 - B~ 
annealed or solution min B95 
annealed stock 

• Cold worked 1.-% - - - 100,000 -
~ min 

Y.-ly, - - - 85,000 - ~ 
min C32 

• Machined from 1.-% - - - 120,000 - ~ strain hardened stock min C36 
y'-1 - - - 110,000 - ~ 

min C32. 
lYa-1Y. - - - 100,000 - B95 

min C30 
1% -1Y, - - - 85,000 - ~ 

min C28 

3 F594 Nuts Stainless steel, alloys No I,PP 
(PP) 321,347 (PP) 

• Annealed after all 1.-11, - - - 70,000 - B85 
threading min max 

• Machined from Y.-1Y, - - - 75,000 - ~ annealed or solution min B95 
annealed stock 

• Cold worked 1.-% - - - 100,000 - ~ 
min C32 

y. - 11, - -- --- 85,000 - BI3!L-
min -C32 

Foolnoles are grollped on the lasl pilge of Ihis Pari V series. 
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Grade 
10. 

mark 

4 
(PP) 

5 
(PP) 

6 

7 

A1-50 

ASTM 
spec Fastener 

number description 

F594 Nuts 

F594 Nuts 

F594 Nuts 

F594 Nuts 

F738 Bolts, screws, and studs 
-metric 

Material 

• Machined from 
strain hardened stock 

Stainless steel, alloys 
430, 430F 
• Machined from 
annealed or solution 
annealed stock 

Stainless steel alloys 
410,416,416 Se 

• Hardened and 
tempered at 1050 F 
min 

• Hardened and 
tempered at 525 F 
min 

Stainless steel, alloy 
431 

• Hardened and 
tempered at 1050 F 
min 

• Hardened and 
tempered at 525 F 
min 

Stainless steel, alloy 
630 
• Solution annealed 
and age hardened 
after forming 

Stainless steet, 
alloys 303, 303 Se, 
304, 305, 384, XM1, 
XM7 
• Headed and rolled 
from annealed stock 
and then re-annealed 

Is nifgr's Nominal 
10 size 

symbol range 
req'd? (inch) 

X-% 

Yo - 1 

1 Yo - 1 X 

lYe-1Y, 

No 
(PP) 

X -1Y, 

No 
(PP) 

X - 1 Y, 

X - 1 Y, 

No 
(PP) 

X - 1 Y, 

X-1Y, 

No 
(PP) 

X -1Y, 

Yes 

Ml.6 -
M5mm 

M6-
M36 mm 

Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Proof Yield Tensile Proof 
load strength strength load Remarks 
(psi) (min) (min) (psi) Brinell Rockwell or footnotes 

- - - 120,000 - gL 
min C36 

- - - 110,000 - Q£lL 
min C32 

- - - 100,000 - §QL 
min C30 

- - - 85,000 - ]lliL 
min C28 

- - - 70,000 - §25- I,PP 
min B95 

I,PP 

- - - 110,000 - GN-
min C30 

- - - 160,000 - ~ 
min C45 

I,PP 

- - 125,000 - CZ5-
min C32 

- - - 180,000 - ~ 
min C48 

- - -- t 35,000 - Q2B-- I,PP 
min C38 

- - 500 - Vickers BAL- I,MM,OO 
MPa t 55/220 B95 

- 210 500 MPa - Vickers BlU-
MPa 155/220 B95 

Footnotes ore grouped on the last page of tl1is Part V series. 



~ 

Mechanical properties 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM to size PrGof Yield Tenslie Proof 
II) spec Fastener syrilol ranoe load strength strength load Remarks 

mark number description Material req'lI? (mm) (MPa) (Min MPa) (min MPa) (MPa) Brlnell Rockwell or footnotes 

AHO F738 Bolts, screws, and studs Stainless steel, Yes Ml.6- - - 700 - Vickers B96 I,MM,aa 
-metric alloys 303, 303 Se, M5 220/330 ~ 

304, 305, 384, XM1, M6- - 450 700 - Vickers B96 
XM7 M20 ·220/330 -C33 
• Cold worked Over M20 - 300 550 - Vickers §§.L 

- M36 160/310 C31 

AHO F738 Bolls, screws, and studs Stainless steel, Yes Ml.6- - - 800 - Vickers % I,MM,aa 
-metric alloys 303, 303 Se, M5 240/350 

304, 305, 384, XM1, M6- - 600 800 - Vickers C23 
XM7 M20 240/350 -C36 
• Machined Irom Over M20 - 500 700 - Vickers B96 
strain hardened stock - M24 220/330 l:33 

Over M24 - 400 650 - Vickers B93 
- M30 200/310 -c3o 
Over M30 - 300 600 - Vickers B89 
- M36 180/285 -C2ii 

A2·50 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 500 - Vickers ~ I,MM,aa 
-metric alloys 321, 347 M5 155/220 

• Headed and rolled M6· - 210 500 - Vickers ~ Irom annealed stock M36 155/220 
and then re·annealed 

A2·70 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6- - - 700 - Vickers B96 I,MM,aa 
-metric alloys 321, 347 M5 220/330 -c33 

• Cold worked M6· - 450 700 - Vickers ~ M20 220/330 
Over M20 - 300 550 - Vickers B83 
- M36 160/310 -c3i 

A2·80 F738 Bolts, screws, and studs Stainless steel, Yes M1.6 - - - 800 - . Vickers QL I,MM,aa 
-metric alloys 321, 347 M5 240/350 C36 

• Machined Irom M6- - 600 800 - Vickers ~ 
strain hardened stock M20 240/350 C36 

Over M20 - 500 700 - Vickers ~633 - M24 220/330 
Over M24 - 400 650 - Vickers ~ - M30 200/310 
Over M30 - 300 600 - Vickers 889 
. M36 180/285 -c2s 

A4·50 F738 Bolls, screws, and studs Stainless steel, Yes 
-metric alloy 316 

• Headed and rolled 
from annealed stock 
and then re·annealed Footnoles are grouped on Ihe last page ollhis Pari V senes. 



Mechanical properUes 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 
Grade ASTM ID size Proof Yield Tensile Proof 

10 spec Fastener symbol range load strength strength load Remarks 
mark number description Material req'd? (mm) (MPa) (Min MPa) (min MPa) (MPI) Brlnell Rockwell or footnotes 

A4·70 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 700 - Vickers B~ I,MM,aa 
-metric alloy 316 M5 220/330 C33 

• Cold worked M6· - 450 700 - Vickers ~ 
M20 220/330 C33 

Over M20 - 300 550 - Vickers B.M-
• M36 160/310 C31 

A4·80 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 800 - Vickers qg.3 I,MM,aa 
-metric alloy 316 M5 240/350 C36 

• Machined from M6· - 600 800 - Vickers gg.3 
strain hardened stock M20 240/350 C36 

Over M20 - 500 700 - Vickers ~33 • M24 220/330 
Over M24 - 400 650 - Vickers B93 

• M30 200/310 -c3o 
Over M30 - 300 600 - Vickers ~ 

• M36 180/285 C28 

F1·45 F738 Bolts, screws, and studs Stainless' steel, Yes Ml.6· - - 450 - Vickers ~~ I,MM,aa 
-metric alloys 430, 430F M5 135/220 

• Headed and rolled M6· - 250 450 - Vickers .~ 
from annealed stock M36 135/220 B96 
and then re·annealed 

F1·60 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 600 - Vickers ~ I,MM,aa 
-metric alloys 430, 430F M5 180/285 C28 

• Cold worked M6· - 410 600 - Vickers B89 
M36 180/285 -era 

- .. _.-
C1·50 F738 Bolts, screws, and studs Staintess steel, Yes Ml.6· - - 500 - Vickers ~ I,MM,aa 

-metric alloy 410 M5 155/220 B96 
• Machined from M6· - 250 500 - Vickers llill-annealed or sotution M36 155/220 B96 
annealed stock 

C1·70 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 700 - Vickers .§§l1L I,MM,aa 
-metric alloy 410 M5 220/330 C34 

• Hardened and M6· - 410 700 - Vickers ~6_ 
tempered at 565 C M36 220/330 C34 
min 

C1·110 F738 Bolts, screws, and studs Stainless steel, Yes Ml.6· - - 1100 - Vickers £36_ I.MM,aa 
-metric alloy 410 M5 350/440 C45 

• Hardened and M6· - 820 ltOO - Vickers ~ tempered at 275 C M36 350/440 
min 

Foolnotes are grouped on the last page of this Part V series. 
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Grade 
10 

mark 

C3·80 

C3·120 

C4·50 

C4·70 

C4·110 

P1·90 

None 
req'd 

A1·50 

ASTM 
spec 

number 

F738 

F738 

F738 

F738 

F738 

F738 

F835M 

F836 

Fastener 
description 

Bolts, screws, and studs 
-metric 

Bolts, screws, and studs 
-mel ric 

Bolts, screws, and studs 
-metric 

Bolts, screws, and studs 
-metric 

Bolts, screws, and studs 
-metric 

BollS, screws, and studs 
-metric 

Hex socket head cap 
screws-metric 

Nuts-metric 

ls mlgr's Nominal 
10 size 

symbol ranle 
Material req'd? (mm) 

Stainless steel, Yes Ml.6· 
alloy 431 M5 
• Hardened and M6· 
tempered at 565 C M36 
min 

Stainless steel, Yes Ml.6· 
alloy 431 M5 
• Hardened and M6-
tempered at 275 C M36 
min 

Stainless steel, Yes Ml.!>-
alloys 416,416 Se M5 
• Machined from M6-
annealed or solution M36 
annealed stock 

Stainless steel, Yes M1.6· 
alloys 416, 416 Se M5 
• Hardened and M6· 
tempered at 565 C M36 
min 

Stainless steel, Yes Ml.6-
alloys 416, 416 Se M5 
• Hardened and M6· 
tempered at 275 C M36 
min 

Stainless steel Yes M1.6 -
alloy 630 M5 
• Solution annealed M6-
and age hardened M36 
after forming 

Alloy steel- No M3-
quenched and M20 
tempered 

Stainless steel- Yes Ml.6 
alloys 303, 303 Se, M36 
304, 305, 384, XM1, 
XM7 
• Machined from 
annealed or solution 
annealed slack, or 
formed and annealed 

Mechanical properties 

Bolts, screws, studs Nuts Hardness 

Prool Yield Tensile Prool 
load strength strength load Remarks 

(MPa) (Min MPa) (min MPa) (MPa) Brlnell Rockwell or lootnot •• 

- - 800 - Vickers & I,MM,aa 
240/340 35 

- 640 800 - Vickers ~ 
240/340 C35 

- - 1200 - Vickers .E2. I,MM,aa 
380/480 C48 

- 950 1200 - Vickers ~ 
380/480 C48 

- - 500 - Vickers .-!lliL I,MM,aa 
155/220 B96 

- 250 500 - Vickers ~ 
155/220 B96 

- - 700 - Vickers .JNfi. I,MM,aa 
220/330 C34 

- 410 700 - Vickers B96 
220/330 "C34 

- - 1100 - Vickers ..9fi. I,MM,aa 
350/440 C45 

- 820 1100 - Vickers ...9fi. 
350/440 C45 

- - 900 - Vickers ~ I,MM,aa 
285/370 C38 

- 700 900 - Vickers ~ 
285/370 C38 

- 1100 1040 - Vickers ~ AA 
372/434 C44 

- - - 500 Vickers ~ SS 
155/220 895 

Footnoles are grouped 011 the last page of this Part V series. 



-J 
-J 

Grade ASTM 
10 /ipec Fastener 

mark number description 

AHO F836 Nuts-metric 

A1·80 F836 Nuts-metric 

A2·50 F836 Nuts-metric 

A2·70 F836 Nuts --metric 

A2·80 F836 Nuts-metric 

A4·50 F836 Nuts-metric 

ASTM footnotes 
I. Excluclirlg Slud~ . • 1l1 111.J1"'III(J~} hJLd\'Jlj 0(1 t()I) ul IH:dll 
raised or df~fH8~sed 

AR. Sl~l: lotJle:3 01 ASII .. 1 f Il()t) II!I IJI:llllllu;11 (It ~>(.II!W~) hl() 

shOll to lun~ile Ie:, I 

Is mfgr's 
10 

symbol 
Material req'd? 

Stainless steel- Yes 
alloys 303, 303 Se, 
304,305,384, XM1, 
XM7 
• Cold worked 

Stainless steel, Yes 
alloys 303, 303 Se, 
304, 305, 384, XM1, 
XM7 
• Machined from 
strain hardened stock 

Stainless steel, Yes 
alloys 321, 347 
• Machined from 
annealed or solution 
annealed stock, or 
formed and annealed 

Stainless steel, Yes 
alloy 321, 347 
• Cold worked 

Stainless steel, Yes 
alloy 321, 347 
• Machined from 
strain hardened stock 

Stainless steel, Yes 
alloy 316 
• Mactlined from 
annealed or solution 
annealed stock, or 
formed and annealed 

MM. t3ulls and screws 01 nominal thread diameters small· 
t~r than M~) HClfd 1101 be mark~d. Additionally, stalled and 
wCI:::,~ed SGICWS 01 Jlornill<tl thread diiHllclers M5 <Jod 
Idlum lH:tJ(1 not I)..; 11I(IIkc(L Metric boll::. and screws stlaU 
not Iw fIlillkud Willi IdUliJlllIlC symtJol:; 

Mechanical properties 

Nominal Bolls, screws, sluds Nuts 
size Proof Yield Tensile Proof 

range load strength strength load 
(mm) (MPa) (Min MPa) (min MPa) (MPa) 

M1.6 - - - - 700 
M20 

Over M20 - - -- 550 
- M36 

M1.6 - - _. -- 800 
M20 

Over M20 - - - 700 
- M24 

Over M24 - - - 650 
- M30 

Over 30 - - .- 600 
- M36 

M1.6 - - - - 500 
M36 

M1.6 - - - _.- 700 
M20 

Over M20 - -- -- 550 
- M36 

M1.6 - - - - 800 
M20 

Over M20 - - -_ .. lOO 
- M24 

Over M24 - - -- 650 
- M30 

Over M30 -- -- - 600 
- M36 

M1.6 - - - - 500 
M36 

PP. Grade und manulachHe,'s Idenulrcillioll ::iYIll\)uls die 
leqlJHvd only wilen spcciltcu on IIw urdul 

aQ. Idenlrfrcdltol1llwrkrn\j ot sluds stld!! til: <IS lllllt:lL!d I)y 
IIlU purcha::;er 

Hardness 

Remark. 
Brinell Rockwell or footnote. 

Vickers B96 SS 
220/330 -c33 
Vickers B83 
160/310 -c3T 

Vickers C23 SS 
240/350 ""C36 
Vickers B96 
220/330 -c33". 
Vickers B93 
200/310 -c3O 
Vickers B89 
180/285 -C28 

Vickers B81 SS 
155/220 ti§5 

Vickers ~ SS 
220/330 C33 
Vickers ~ 
160/310 C31 

Vickers C23 SS 
240/350 C36 
Vickers .§Q§... 
220/330 C33 
Vickers ~ 
200/310 C30 
Vickers ~ 
180/285 C28 

Vickers ~ SS 
155/220 

55. Markings shall be on the lop 01 nut. top olilange, or on 
one ullhe wrenching iI<JIS, Milrkmgs located on one ollha 
wrenching lIilts Slldl! he dl:plt~ssod Markings on all olher 
luci.llrol\~ may ue Ii,u::;od Of deplt:lssed. Nuts in nominal 
IIHE:Jd dicunelers M·1 ami stlraller lIeed not be ril<Jrked 
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Grade and material markings- Part VI 

ASTM markings 
The American Society lor Testing and Materials, 1916 Race SI. Philadelphia, PA 19103, sponsors development 01 specilications lor lasteners used in general and special engineering applications. 
These specifications detail chemical and mechanical properties 01 material strength levels lor lasteners and are generally specilic in relerencing the actual producl covered. A lull range 01 
types 01 products 01 various styles, thread series, lengths, etc, can be produced to meet ASTM requirements and would be marked lor grade and material identification as required. 

ASTM Grade and material identification markings required by ASTM specifications 

Mechanical properlles 

Is mlgr's Nominal Bolls, screws, studs Nuts Hardness 

Grade ASTM 10 size Prool Yield Tensile Prool 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (mm) (MPa) (Min MPa) (min MPa) (MPa) Brinell Rockwell or lootnoles 

A4·70 F836 Nuts-metric Stainless steel, Yes M1.6· - -- - 700 Vickers ~ SS 
alloy 316 M20 220/330 33 
• Cold worked Over M20 - - - 550 Vickers ~ . M36 160/310 31 

A4·80 F836 Nuts-metric Stainless steel, Yes M1.6 - - -- - 800 Vickers % SS 
alloy 316 M20 240/350 36 
• Machined Irom Over M20 - -- - 700 Vickers ~ strain hardened stock - M24 220/330 C33 

Over M24 - - - 650 Vickers ~ - M30 200/310 C30 
Over M30 - - _. 600 Vickers ~ - M36 180/285 C28 

F1·45 F836 Nuts-metric Stainless steel, Yes M1.6- - - ._.- 450 Vickers 
~ SS 

alloy 430, 430F M36 135/220 96 
• Machined Irom 
annealed or solution 
annealed slack, or 
formed and annealed 

Footnotes are grouped on the last page of this Part VI senes. 



Mechanical properties 

Is m'gr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ASTM ID size Proof Yield Tensile Proo' 
10 spec Fastener symbol range load strength strength load Remarks 

mark number description Material req'd? (mm) (MPa) (Min MPa) (min MPa) (MPa) Brinell Rockwell or 'ootnotes 

CHO F836 Nuts-metric Stainless steel, Yes M1.6 - - - - 700 Vickers ~ SS 
alloy 410 M36 220/330 34 
• Hardened and 
tempered at 565 C 
min 

Cl-ll0 F836 Nuts-metric Stainless steel, Yes Ml.6 - - - - 1100 Vickers % SS 
alloy 410 M36 350/440 45 
• Hardened and 
tempered at 275 C 
min 

C3·80 F836 Nuts-metric Stainless steel, Yes Ml.6- - - - 800 Vickers % SS 
alloy 431 M36 240/340 35 
• Hardened and 
tempered at 565 C 
min 

C3-120 F836 Nuts-metric Stainless steel, Yes Ml.6- - - - 1200 Vickers ~ SS 
alloy 431 M36 380/480 48 
• Hardened and 
tempered at 275 C 
min 

C4-70 F836 Nuts-metric Stainless steel, Yes Ml.6- - - - 700 Vickers % SS 
alloy 416,416 Se M36 220/330 34 
• Hardened and 
tempered at 565 C 
min 

C4·110 F836 Nuts-metric Stainless steel, Yes Ml.6· - - - 1100 Vickers ~ SS 
alloy 416, 416 Se M36 350/440 45 
• Hardened and 
tempered at 275 C 
min 

Fnnlnnlp.~ "fA " .... - . ... 
group pag 

~ 
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Grade ASTM 
10 spec. 

mark number 

P1·90 F836 

A1·50 F837M 

A1·70 F837M 

Cl·ll0 F837M 

None F844 
req'd 

ASTM Footnotes 

Fastener 
description Material 

Nuts-metric Stainless steel, 
alloy 630 
• Solution annealed 
and age hardened 
after forming 

Socket head cap screws Stainless steel, 
-metric alloys 303, 304, 305, 

384, XM1, XM7 
• Annealed 

Socket head cap screws Stainless steel, 
-metric alloys 303, 304, 305, 

384, XM1, XM7 
• Cold worked 

Socket head cap screws Stainless steel, 
-metric alloy 410 

• Heat treated 

Plain (flat) washers for Steel, unhardened 
general use 

GG. All screws with nominal diamelers 01 5 mm and large, 
reqUlII: rmllking. Mcuking may be 011 the side or lop 01 the 
he<JtJ 

This concludes the ASTM grade marking compilation. 

Mechanical properties 

Is mlgr's Nominal Bolls, screws, studs Nuts Hardness 

ID size Proof Yield 
symbol range load strength 

(mm) req'd? (MPa) (MIJ;lMPa) 

Yes M1.6- -
M36 

Yes M1.6- -
M5 

M6- -
M36 

Yes M1.6- -
M5 

M6- -
M14 

M16- -
M36 

Yes M1.6- -
M5 

M6- -

M36 

No Thru 3" -

55. Markings Slid!! he on the IOIJ 0111111. lop 01 flang~ Of on 
Olle olllle wllmchmlj fI;:lI~ M.ut..IIlH!l located 011 one olllw 
WH!IICllIIlg 1I,1I!:i !:ihalllJe de/.)fe::.~ecJ MdlklllgS 011 illl OIht!1 
Ic)!" dllOIl~ may 1)1' .. II sed 01 dU~jlessed NiJla III nomllhll 
\l11l~<I<f dldlllt!lt!i" M,I ~n" ·· .. '··'h!1 IItwd 1101 tle marked 

-

-

250 

-

400 

270 

-

820 

-

Tensile Proof 
strength load 

(min MPa) (MPa) Brinell Rockwell 

- 900 Vickers ~ 285/370 C38 

500 - Vickers ~ 
155/220 895 

500 - Vickers ~ 155/220 95 

700 - Vickers ~ 
220/330 C33 

700 - Vickers ~ 
220/330 C33 

550 - Vickers ~ 160/310 C30 

1100 - Vickers ~ 350/440 45 
1100 -- Vickers 9P:-: 

350/440 C45 

--- - - -

Remarks 
or footnotes 

SS 

GG 

GG 

GG 

-
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Grade and material markings-Part VII 

SAE and G M markings 
Several years ago the Society of Automotive Engineers, 400 Commonweallh Dr. Warrendale, PA 15096, developed a strength grading system for carbon and alloy steel commercial fasteners. 
Today it is the most widely used and copied system in existence in this country. General requirements are presented in tl'le following table. General Motors Corp issues standards which are 
broadly used outside this one company. For this reason, GM cross references to SAE Grades are included in this listing. 

SAE and OM Grade and material identification markings required by SAE and GM specifications 

Mechanical properties 

Is mfgr's Nominal Bolts, screws, studs Nuts Hardness 

Grade ID size Proof Yield Tensile Proof 
ID Spec Fastener symbol range load strength strength load Remarks or 

mark number description Material req'd? (inch) (psi) (min psi) (min psi) (psi) Brinell Rockwell fll~(e(S} 

None SAE J429 801ls, screws, studs and Low or medium Yes 1.-11, 33,0008 36,000c 60,000 - - ~ D 
req'd Grade 1 U-bollsA carbon steel except 100 Equivalent to ASTM 

GM studs A307, Grade A 
255-M 

None SAE J429 Bolls, screws, and studs Low or medium Yes Y.-Y. 55,0008 57,000c 74,000 - - B80 D 
req'd Grade 2 carbon steel except ~O 

GM studs Over Y. - 33,000 36,000c 60,000 - -- 870 
260-M 11, tl100 

None SAE J429 Siuds Medium carbon cold No 1; - 11, 65,000 100,000e 115,000 - - C22 D 
req'd Grade 4 drawn steel -c32 

SAE J429 801ls, screws, and studs Medium carbon steel, Yes 1. - 1 85,000 92,000c 120,000 - - ~ D ...... /" Grade 5 quenched and except C34 

I GM tempered studs Over 1 - 74,000 81,000c 105,000 - - ~ 
Equivalent to 

280-M 11, C30 ASTM A449 

SAE J429 Sems Low or medium #6 - % ~ D,F 

1 
Grade 5.1 carbon steel, Yes C40 

(E) quenctled and 85,000 - 120,000 - -- - tempered ---
GM Bolts and screws #6 - % % 0 

275-M 39 

_1- SAE J429 Bolls and screws Low carbon Yes X - 1 85,000 92,000c 120,000 ._- - ~ 0 
Grade 52 martensite steel, fully C36 

killed, line grain, 
quenched and 
tempered 

Footnotes are grouped on the last page of this Part VII series. 
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Grade 
10 

mark 

_1-
/\ 

,1/ 
/1' 

None 
req'd 

~/? 

I -
4.6 

4.8 

5.8 

Spec' Fastener 
number description 

SAE J429 Bolts and screws 
Grade 7 

GM 
290-M 

SAE J429 Bolts, screws, and studs 
Grade 8 

GM 
300-M 

SAE J429 Studs 
Grade 8.1 

SAE J429 Bolts and screws 
Grade 8.2 

GM Bolts and screws 
455-M 

SAE Bolts, screws, studs and 
Jl199 U-boltsA-met ric 
GM 

500M 
(4.6) 

SAE Bolts, screws, se!ns and 
Jl199 studs-metric 
GM 

SOOM 
(4.8) 

SAl: Bolts, screws, and studs 
J1199 -metric 

GM 
500M 
(Sfl) 

Is mfgr's Nominal 
ID slle 

symbol range 
Material req'd? (Inch) 

Medium carbon alloy Yes X - 1 Y, 
steel, quenched and 
tempered 

Medium carbon alloy Yes X - 1 Y, 
steel, quenched and except 
tempered studs 

Elevated temperature No X - 1 Y, 
drawn steel-medium 
carbon alloy or SAE 
1541· (or 1541 H steel) 

Low carbon Yes X - 1 
martensite steel, fully 
killed, fine grain, 
quenched and 
tempered 

Corrosion resistant Yes X - 1 Y, 
steel 

Low or medium 
ca rbon steel 

Yes M5-
M36 nun 

Low or medium 
carbon steel Yes Ml.6-

M16mm 

Low or medium 
carbon steel 
(cold worked) Yes M~ -

M24 mm 

Mechanical properties 

Bolls, screws, sluds Nuts Hardness 

Proof Yield Tensile Proof 
load strength strength load Remarks or 
(psi) (min psi) (min psi) (psi) Brinell Rockwell footnote(s) 

105,000 115,000c 133,000 - - ~ Roll threaded alter heat 
C34 treatment. O,F 

120,000 130,000c 150,000 - - C33 0 
-69 Equivalent to ASTM 

A354, Grade BO. 

120,000 130,000c 150,000 - - - 0 

120,000 130,000c 150,000 - - - 0 

40,000 - 55,000 - 143 B79 0 
min min 

~ G 

240 MPac 
B87 Approximately equivalent 

225 400 MPa -- - --- to SAE J429 Grade 1 
MPa 

~ and·ASTM A307 
Bl00 Grade A. 

~ - B87 G 310 420 _. ----
MPa MPa ---

340 MPa ~ Bl00 

~ G 
- B95 Approximately equivalent 

380 MPa 520 MPa - - --- to SAE J429 Grade 2 
420 MPa ~ 

Bl00 

Footnotes are grouped on the last page of this Part VII series. 
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Grade 
ID 

mark 

8.8 

0 
(H) 

B.B 

9.8 

+ 
(H) 

9.B 

± 
(H) 

~ 
(I) 

12.9 

b. 
(H) 

Spec 
number 

SAE 
J1199 

---
GM 

500M 
(8.8) 

SAE 
J1199 

---
GM 

500M 
(9.8) 

SAE 
Jt 199 

Fastener 
description Material 

Bolts, screws, and studs Medium carbon or 
-metric medium carbon alloy 

steel, quenched and 
tempered 

Studs-metric Medium carbon or 
medium carbon alloy 
steel, quenched and 
tempered 

Bolts, screws, and studs Low carbon 
-metric martensite steel, 

quenched and 
tempered 

Baits, screws, sems and Medium carbon steel, 
studs -metric quenched and 

tempered 

Studs -metric Medium carbon steel, 
quenched and 
tempered 

Bolts, screws, sems, Low carbon 
and studs -metric martensite sleel, 

quenched and 
tempered 

Studs -metric Low carbon 
martensite steel, 
quendled and 
tempered 

Same as sems. bul no Medium carbon steel, 
washers -metric quenched and 

tempered 

Baits, screws, and stllds Alloy steel. oil 
--metric qllenched and 

tempered 

Mechanical properties 

Bolts, screws, studs Nuts Hardness 
Is mfgr's 

10 Nominal Yield Tensile 
symbol size Proof strength strength Proof Remarks or 
req'd? range load (min) (min) load Brinell Rockwell footnote(s) 

52: C34 
G 

Yes M16 - 600 MPa 660c MPa 830 MPa - - Approximately equivalent 
M36 mm -- to SAE J429 Grade 5 

% 
and ASTM A449 

34 

-

Yes M1.6- 650 MPa 900 - -- 9l:- G 
M16mm MPa C36 Approximately 9% 

stronger than SAE J429 
Grade 5 and ASTM 
A449 

420 MPa 

Yes M1.6 - 970 MPa tWOC MPa 1220 MPa - - C3R G 
M36 mm -'t44 

----------------------------- - --- --------_ .. _-- ---- --- ---------

Footnotes are grouped on the last page of this Part VII series. 
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Mechanical properties 

Bolts, screws, studs Nuts Hardness 
Is mlgr's Nominal 

Grade 10 size Yield Tensile Prool 
ID Spec Fastener symbol range Prool strength strength load Remarks or 

mark number description Material req'd? (Inch) load (min) (min) (psi) Brinell Rockwell lootnote(s) 

10.9 Bolts, screws. and studs Medium carbon alloy 
.,--metric steel, quenched and 

tempered 

D SAE Medium carbon alloy 
M6-

Jl199 
Studs-metric M36mm G (H) steel, quenched and 

Approximately equivalent tempered Yes 830 MPa 940c MPa 1040 MPa - - ~ to SAE J429, Grade 8 --- C39 D and ASTM A354, Grade Studs-metric Low carbon BO 
(H) GM martensite steel, 

500M quenched and M5 -
(109) tempered M'36 mm 

10.9 Bolts, screws, and studs Low carbon 
-metric martensite 

steel, quenched and 
tempered 

SAE J995 
Low or medium None Grade 2 Nuts No ~ - 1% 90,000 C32 max 
carbon steel 

- - - -
req'd GM - C30 max 284M 

X -1 - - -- 120,000J -

© 
109,000K 

C32 max Over 1 - - - - 105,000J -
SAE J995 lY, 94,000K 

Grade 5 Nuts Low or medium No 
120,000J L,M 

carbon steel X-Yo - - - -

109,000K 
GM 286M % - 1 - -- - 115,000J - C30 max 

104,000K 

1~ - n~ - - -- 105,000J -
94,000K 

x-% - - -- 150,000 - % 
Over %- - - - 150,000 - % SAE J995 1 

Grade 8 Nuts Low or medium No 
Over 1 -

L,M 
carbon steel - - -- 150,000 - ~ 

GM 301M lY, C36 
© 

. .-.-. ,...,..'" ~~ . 

larger. 
Footnotes are grouped on the last page of this Part VII series. 
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Grade 
10 Spec Fastener 

mark number description 

© GM 510M Nuls-metric 
(5) 

© GM 510M Nuts-metric 
(9) 

© GM 510M Nuts-metric 
(10) 

SAE J430 
None Grade 0 
req'd ---

SAE J430 
Solicl rivets Gracie 1 

---
SAE J430 
Gracie 2 

SAE J430 
Gracie 3 

None SAE J82 Machine screws 
req'd Grade 

60M 

None SAE J82 Mactline screws 
req'd Gracie 

120M 

SAE & GM footnotes 
A. Whenever ttu~ wOld "t.IIJU" dppecH::>. lJ.tJoll IS dlso Im
plied 

B. ReqIJuernenlt; for proolload \esllng apply only to t;tle~s 
relieved producls 

C. Value appllt!!> 10 nlclctllllt...' 11.:::>1 specrrnells 

D. Unslolled bot Is. screws and hex tleJU serns SIIJII lJe 
grade marked as reqllued III dddtllOIl, nolt~ and screws 
sllalt be marl-cd Witt) Ille 1I1dIlUf.lc\lHer's IdellllllctJllOIl 
syml)ol Marlo.lng::. ::.Ilalt hI! !ULdlt;d illl the top (Jllle,Hl o.lltl 
may t;,u l:rtller li.ltscd \.II ,kpl<·'".,;<I ~3llHb tit!l!\I flol 1)1) 
rnalked 

Mechanical properties 

Bolts, screws, studs Nuts 
Is mlgr's Nominal 

10 size Yield Tensile Prool 
symbol range Prool strength strength load 

Material req'd? (inch) load (min psi) (psi) (MPa) 

Non-heat treated No 
carbon steel 

Non-heat treated No 
ca rbon steel 

Heat treated carbon No 
steel 

Carrlon steel No 

Carbon sleel No 

Carbon steel, No 
quenctlecl ancl 
temperecl 

E. Sell\~ Jlaj titlllll<JI products Wiltrout washert. 

F. Ht::x waslwr twad and t1t~X flange pruduc1s WOlloll1 ilS' 
::,t;lllllled Wd::.tWIS strdll have core hardlle~s flol u;"CL:edlrlg 
Huchwull C:~8 and SUI lace Il,udfless not eXCtH.nJIlI!j f10ck 
Wtdl JOH S 7 !:, 

G. Siotlecl and cross·recessed screwS 01 all !:.tlOS ,.HId 011\· 
er scrl:WS dnd l1ulls uf srlet. smaller \l)an M5 nee(i /lui boJ 
rl\dlked All ottll:H bolls (jnd screws 01 SIZeS M~ illllllar!Jt:r 
~l1dll bt: llIilrl<.uu Iu I(h:nlily property clas::. <.md nldlltll,JCllH
l!1 M<HI-IlI~ls :c.tlall tw IlIL.ated un lop (Jf lIle iltJdd 01 llo11~, 
tllld! l:lt:W~; <..Illd 111<1,' tJl: Idr:oud 01 dt:ple~~ed AlturndltVl'ly, 

1.6 - 4 mm - - - 520 
5-6 mm - - - 580 

8-10mm - - - 590 
12-16mm - - - 610 
20 - 36mm - - - 630 

3-4 mm - - - 900 
5-6mm - - - 915 

8-10mm - - - 940 
12-16mm - - - 950 
20-36mm -- - - 920 

1.6-10mm - - -~ 1040 
12-16mm - - ~- 1050 
20-36mm - - - 1060 

- 23,000 40,000- -

55,000 

All sizes 
- 28,000 52,000- _.-

62,000 

- 29,000 55,000- -

70,000 
38,000 68,000-

82,000 

#4 - Y. - - 60,000 .. _ .. 
mill 

#4 - Y. - - 120,000 -

min 

101 hex head products. lilt:: Illarh.ln(js rll,rY IN: IIldt!llll:d Oil 
!Ill! side 01 tread 

All studs of Slle:> M5 ami Jarger shdll be Illdlf.,.qj Iu Ilh;11 

Illy propelly class MarkIngs StlliJi be IOCdlcd U() lilt: e~ 
lleJrne ~Ild of \lIe t:.lud. arid nwy tH! fd1SU(1 UI dl:I!lu::,::,..:d 
t"(H rnlt::1 fel ellctJ III !tllc<.Id studs, Inar kury::, ~tld!l Ill: Idl.dl{~d 
al I!le Ilul el1l] 

H. ThiS IS the optronal ploperly class syrlll)ol Iur ')Iuds (II 
11115 properly class In Silt:S M!) ItllUUytl Mil 

I. Product::> Illdde same <is selllS. excepl wllt)(Jul w<.lslltJr~ 
~;Ildll he addltlolldlly Idurllrlred wlttl (In IlIV.:llt:d r hll dlud 
[)t:IWl:UII !tIe p((lPt~rty dd::'~ fllHlIl!liJb ,I:, IL,lIuw', .:11!.! 

Hardness 

Remarks or 
Brinell Rockwell lootnote(s) 

870 min 
-c:mmax 

Coarse thread 
Style 1 hex nuts. 

B7l'i mil)' C30 max 

885 mi'l C30 max 

Coarse thread 

889 min Style 2 hex nuts. 

C'&Jmax 

C26 min Coarse thread 
C36 max Style 1 hex nuts. 

- 865 max 
for sizes 
)\," and less. 

- 885 max 
for sizes 
)\." ancl less. 

- Not 
specified 

Not 
specifiecl 

- Jrl!l 
8100 

-
Jg8 

J. Vtllues apply 10 UNC ill\d 8UN 1I11ed(j serieS 

K. Valuet; apply 10 UN/-. 12 UN drHi 11111.:1 IlIredLl selres 

L. All grades of hex Ialil. tlt.ldVY tll:X Idlll, hex ~lolleJ, heavy 
Ilex ~tolted, Ilex IIHl;k and Iredvy tlex IIUtS dre !lol reqllHtll.J 
10 be glClde Illdrked 

M. Glade Ill,Hklngs lor fluls talHrcdte(j by cullrng flOnl tlex 
l)al stldll consist 01 Ilolcir(!s ill tile t1exayun corner::.. one 
Iloldl at eaetl corner !o( Grade 5. and two notche::. dl eacll 
cOiner lor Grade B 
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Grade 'and material markings-Part VIII 

ISO markings 
ISO (the International Organization for Siandardization) Is a federation of the national standards bodies of the countries of the world. Purpose of developing international standards is to form 
the basis of a one-world system of engineering practices. It is intended that international decisions being documented as ISO standards will become accepted into the national standards of 
ISO member countries. Copies of ISO standards are available from American National Standards Institute (ANSI), 1430 Broadway, New York, NY 10018. 

Identification markings required by ISO standards for externally threaded fasteners 

Mechanical requirements 

Externally threaded fasteners Rockwell hardness 

Property Is mfgr's Nominal Proof 
Core class ISO ID size load Yield Tensile Remarks 

ID standard Fastener symbol range stress strength strength Surface 
(Min) I (Max) 

or 
mark numberA description Material req'd? (mm) MPa (min MPa) (min MPa) (Max) footnotes 

4.6 ISO Bolts, screws Low or medium Yes M5-M100 225 240 400 - B67 B95 B,C 
898/1 and studs carbon steel 

4.8 ISO Bolts, screws Low or medium Yes Ml.6-M16 310 340 420 - B71 B95 B,C 
B9B/l and studs carbon steel, fully 

or partially annealed 

5.8 ISO Bolts, screws Low or medium Yes M5-M24 3BO 420 520 - B82 B95 B,C,D 
B98/1 and studs carbon steel, 

cold worked 

8.8 ISO floits, screws Medium carbon sleel, Yes M16-M72 600 660 830 30N56 C23 C34 B,C 
89lJ/l and studs quenched and 

tempered 

8.8 ISO Bolts, screws Low carbon Yes M16-M36 600 660 830 30N56 C23 C34 B,C 
898/1 and sluds martensite steel, 

quenched and 
tempered 

9.8 ISO flolts, screws Medium carbon steel, Yes M1.6-M16 650 720 900 30N58 C27 C36 B,C 
898/1 (and studs quenched and 

M 12 or targer) tempered 

Footnotes are grouped on the last page of this Part VIII series. 
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Property 
class 

10 
mark 

+ 

9,8 

± 

10.9 

0 

10.9 

0 

12.9 

L::;. 

ISO 
standard 
numberA 

ISO 
898/1 

ISO 
898/1 

ISO 
898/1 

ISO 
898/1 

ISO 
898/1 

ISO 
898/1 

ISO 
898/1 

ISO 
898/t 

ISO 
898/1 

Fastener 
description 

Studs of 
class 9.8 

Bolts, screws 
(and studs 
M12 or larger) 

Studs of 
class 9.8 

Bolts. screws 
(and studs 
M 12 or larger) 

Studs of 
class 10.9 

Bolts, screws 
(and studs 
M 12 or larger) 

Studs of 
class 10.9 

Bolts, screws 
(and studs 
M12 or larger) 

Stucis of 
class t2.9 

Is mfgr's 
10 

symbol 
Material req'd? 

Medium carbon steel, Yes 
quenched and 
tempered 

Low carbon Yes 
martensite steel, 
quenched and 
tempered 

Low carbon Yes 
martensite steel, 
quenched and 
tempered 

Medium carbon steel, Yes 
quenched and 
tempered 
Medium carbon alloy Yes 
steel, quenched 
ami tempered 

Medium carbon or Yes 
medium carbon 
alloy steel, quenched 
and tempered 

low carbon Yes 
martensite steel, 
quenched and 
tempered 

Low carbon Yes 
martensite steel, 
quenched and 
tempered 

Alloy steel, quenched Yes 
and tempereci 

Alloy steel, quenched Yes 
and tempered 

Mechanical requirements 

Externally threaded fasteners Rockwell hardness 

Nominal Proof Core 
size load Yield Tensile Remarks 

range stress strength strength Surface 
(Min) I (Max) 

or 
(mm) MPa (min MPa) (min MPa) (Max) footnotes 

Less than M 12 650 720 900 30N58 C27 C36 C,E 

M1.6-M16 650 720 900 30N58 C27 C36 B,C 

Less than M 12 650 720 900 30N58 C27 C36 C.E 

M5-M20 830 940 1040 30N59 C33 C39 B.C 

M5-M100 830 940 1040 30N59 C33 C39 B.C 

Less than M 12 830 940 1040 30N59 C33 C39 C.E 

M5-M36 830 940 1040 30N59 C33 C39 B,C 

Less than M 12 830 940 1040 30N59 C33 C39 C.E 

Ml.6-M100 970 1100 1220 30N63 C38 C44 B.C,F 

Less than M 12 970 1100 122() 30N63 C38 C44 C,E 

Footnotes are grouped on the lasl page of this Part VIII series. 
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Property 
class 

10 
mark 

None req'd 

05 

5 

9 

10 

12 

Property 
class 01 

nutG 

04 

05 

5 

9 

10 

12 

Dimensional 
style of nut 

Hex jam 

Hex jam 

Hex, Style 1 

Heavy hex 

Hex, Style 2 

Hex, Style 2 
and hex 
flange 

Hex, Style 2 
Heavy hex 

Hex, Style 1 

Hex, Style 1 
and 
hex flange 

Hex, Style 1 

Hex, Style 2 

Heavy hex 

Is mlgr's Nominal 
10 size 

symbol range 
Material req'd? (mm) 

Carbon steel No M5-M36 

Carbon steel Yes M5-M36 

Ml.6-M4 

M5,M6 

Carbon steel Yes M8, M10 
M12-M16 

M20-M36 
M42-M100 

M3-M4 

M5, M6 
Carbon steel Yes M8, M10 

M12-M16 

M20 
M24-M36 

M42-M100 

Alloy steel Yes Ml.6-M4 
quenched M5-M10 
and temrered 

M12-M16 

M20 
M24-M36 

M3-M4 
M5,M6 

Alloy steel Yes M8, M10 
quenched M12-M16 
and tempered 

M20-M36 
M42-M100 

Mechanical requirements lor nuts 

Proof load stress (MPa) Rockwell hardness 

Non 
overtapped Overtapped Remarks or 

nuts nuts (Min) (Max) footnotes 

380 - 889 C30 

500 - C26 C36 H 

520 -
580 465 
590 470 870 C30 
610 490 H 

630 500 878 C30 
630 500 870 C30 

900 - 885 C30 
915 -
940 -
950 - 889 C30 H,I 
920 -
920 -
920 -

. 1040 -
1040 -
1050 - C26 C36 H,I 
1060 -
1060 -

1150 -
1150 920 
1160 930 
1190 950 C26 C36 H,I 
1200 960 
1200 960 

Footnotes are on next page 
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ISO footnotes from preceding tables 

A. Although ISO 898/1 presents 10 property classes. IFI 
has been unable to identify any commercial or industrial 
need by North American industry for ISO property classes 
3.6. 5.6 and 6.8 bolts. screws and studs. 

B. Marking is reouired for hex bolts and screws with nomi
nal diameters =::5mm where shape of fastener allows 
marking to be accomplished, preferably on the head: alter
natively on the side of head by indenting. 

C. Marking is required for studs with nominal diameters 
equal to or greater than Smm. preferably on the extreme 
end of the threaded portion by indenting. For studs with in
terference tit. the marking shall be at the nut end. 

Property class 

D. Class 5.8 applies only to bolts and screws with lengths 
,50mm and shorter and to studs of all lengths. 

E. This is the grade mark symbol for studs of this property 
class in sizes M5 up to but not including M12. 

F. Caution is advised when considering use of Class 12.9 
products. Capability of the fastener manufacturer, as well 
as anticipated service environment. should be carefully 
considered. Class 12.9 products require rigid control of 
heat treating operations and careful mOnitoring of as
quenched hardness. surface discontinuities. depth of par
tial decarburization, and freedom from carburization. 
Stress corrosion cracking susceptibility also needs to be 
addressed. 

9 10 

either designation 
9 10 symbol 

0> c 
~ 

@J © 
.. 
E or code symbol .. 
~ (Clock·face 
;; system) 
c 
! « 

G. Ail data was extracted from ASTM A563M and ISO 
898/2. All values are as given in A563M. Values for proper
ty classes 0., 05, 5, 9. 10 and 12 non<lvertapped nuts in 
sizes M36 aod smaller are in both documents and are 
identical. Other classes. sizes and ovenapped nut values 
are unique to A563M. 

H. Hex nuts of thread diameters> 5mm and property 
classes equal to or higher than 8 and property class 05 
shall be marked as noted. by indenting on the side or bear
ing surface, or by emboSSing on the chamfer. 

I. Alternative marking system according to clock-face sys
tem is as follows: 

12 

12 



Appendix B 
Bolt Ultimate Shear and Tensile Strengths 

[From ref. 18] 
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TABLE 8.1.5(a). Ultimate Single Shear Strength of 17lreaded Steel Fasteners 

U Ilnale SlIIglC sttmnrrr~IIIlIIl, IllS," 

Shear strength of fastener, ksi ,,"'" 35 38 

I 
75 91 95 

Fastener diameter Basic 
shank 

In. b area 

0.112 ..... #4 0.0098520 345 374 739 897 936 

0.125 ...... 1/8 0.012272 430 466 920 I 117 I 166 

0.138 ...... #6 0.014957 523 568 I 122 I 361 1421 

0.156 ...... 5/32 0.019175 671 729 1438 I 745 I 822 

0.164 ...... #8 0.021124 739 803 1584 1922 2007 

0.188 ...... 3/16 0.027612 966 1049 2071 2513 2623 

0.190 ...... #10 0.028353 992 1077 2126 2580 2694 

0.216 ...... #12 0.036644 I 283 I 392 2748 3335 3481 

0.219 ...... 7/32 0.037582 I 315 1428 2819 3420 3570 

0.250 ...... 1/4 0.049087 I 718 I 865 3682 4470 4660 

0.312 ...... 5/i6 0.076699 2684 2915 5750 6980 7290 

0.375 ...... 3/8 0.11045 3R66 4200 8280 10050 10490 

0.438 ...... 7/16 0.150)3. 5260 5710 II 270 13680 14280 

0.500 ...... 1/2 0.19635 6870 7460 14730 17870 18650 

0.562 ...... 9/16 0.24850 8700 9440 18640 22610 23610 

0.625 ...... 5/8 0.30680 10740 11660 23010 27920 29150 

0.750 ...... 3/4 0.44179 15460 16790 33 130 40200 42000 

0.875 ...... 7/8 0.60132 21050 22850 45100 54700 57100 

1.000 ...... 1 0.78540 27490 29850 58900 71500 74600 

1.125 ...... 1,1/8 0.99402 34790 37770 74600 90500 94400 

1.250 ...... 1·1/4 1.2272 43000 46600 92 000 111700 116600 

1.375 ...... 1·3/8 1.4849 52000 56400 111400 135100 141 100 

1.500 ...... 1·1/2 1.7671 61800 67100 132 500 160800 167900 

aValues with the first uigit < 4 arc shown 10 4 significant figures. all other are shown to 3 significant rlgures. 

bFractional equivalent or screw number. 

108 

1064 
1325 
1615 
2071 
2281 

2982 
3062 
3958 
4060 
5300 

8280 
11930 
16240 
21210 
26840 

33 DO 
47700 
64900 
84800 

107400 

132500 
160400 
190800 

IZ.5 IJl 

I 232 13UU 
I 534 1620 
1870 1974 
2397 2531 
2640 2788 

3452 3645 
3544 3 743 
4580 4840 
4700 4960 
6140 6480 

9590 10120 
13810 14580 
18790 19840 
24540 25920 
31060 32 800 

38350 40500 
55200 58300 
75200 79400 
98200 103700 

124300 131200 

153400 162000 
185600 196000 
220900 233300 

1.51> 

I ),i I 

1914 
2333 
2991 
3295 

4310 
4420 
5720 
5860 
7660 

11970 
17230 
23450 
30630 
38770 

47900 
68900 
93800 

122 500 
155 100 

191400 
231600 
275700 

IIIU 

I 1/3 

2209 
2692 
3452 
3802 

4970 
5 100 
6600 
6760 
8840 

13810 
19880 
27060 
35340 
44700 

55200 
79500 

108200 
141400 
178900 

220900 
267300 
318100 

~ 
.... 0-1 c....r 
C :I: ;0 
.... 0= 
I.C~ 00, 
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TABLE 8.1.5(b l ). Ultimate Tensile Strength of Threaded Steel Fasteners 

. 
lJ himate tensile ~lrength. Ills .•. b.e 

Tensile strength of fastener. ksi ....•................ 55 62 62.5 125 

Fastener diameter 
Nnnllllal 

minllr areae MIL·S-7742 
In. d 

0.112 4-40 0.0050896 280 316 318 636 
0.138 6-32 0.0076821 423 476 480 960 
0.164 8-32 0.012233 673 758 765 I 529 

0.190 10-32 0.018074 994 1,121 I 130 2259 
0.250 1/4-28 0.033394 1837 2070 2087 4 170 
0.312 5/16-24 0.053666 2952 3327 3354 6710 
0.375 3/8-24 0.082397 4 no 5 110 5150 10 300 
0.438 7/16-20 0.11115 6110 6890 6950 13890 

0.500 1/2-20 0.15116 8310 9370 9450 18900 
0.562 9/16-18 0.19190 10550 11900 11990 23990 
0.625 5/8-18 0.24349 13390 15 100 15220 30440 
0.750 3/4-16 0.35605 19580 22080 22250 44500 
0.875 7/8-14 0.48695 26780 30190 30430 60900 

1.000 1-12 0.63307 34820 39250 39570 79100 
1.125 1-I/iI-12 0.82162 45200 50900 51400 102700 
1.250 1-1/4-12 1.0347 56900 64200 64700 129300 
1.375 1-3/8-12 1.2724 70000 78900 79500 159000 
1.500 1-1/2-12 1.5345 84400 95 100 95900 191 800 

·Yalues shown above heavy line are for 2A threads; all other values are ror 3A threads. 

bNuts designed to develop the ultimate tensile strength or the rastener are required to develop the tabulated tension loads. 

cYalues with the first digit <4 are shown to 4 significant figures; all others are shown to 3 significant figures. 

dFra~tional equivalent or number and threads per inch. 

""rca computed using nominal minor diametl'r as puhlished in '1 ahle 2.2.1 ul Uandhnuk 11-2K. 

140 

713 
1075 
I 713 

2530 
4680 
7510 

11540 
15560 

21 160 
26870 
34090 
49800 
68200 

88600 
115000 
144900 
178 100 
214800 

160 

814 
I 229 
1957 

2892 
5340 
8590 

13 180 
17780 

24190 
30700 
38960 
57000 
77 900 

101300 
131 500 
165600 
203600 
245500 

180 

916 
1383 
2202 

3253 
6010 
9660 

14830 
20010 

27210 
34540 
43800 
64100 
87700 

114000 
147900 
186200 
229000 
276200 

~~ 

r~ 
~t;:r:j 
\O~ 
00, 
-.J~ 
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TABLE 8.1.5(b21. Ultimate Tensile Strength o{Threaded Steel Fasteners (Continued) 

Tensile strength of fastener, ksi ............................................................................... 160 

Fastener diameter 
Maximum 

In. d minor areae 

0.112 4-40 0.0054367 869 
0.138 6-32 0.0081553 1,305 
0.164 8-32 0.012848 2,055 
0.190 10-32 0.018602 2,976 
0.250 114-28 0.034241 5,480 

0.312 . .5/16-24 0.054905 8,780 
0.375 3/8-24 0.083879 13,420 
0.438 7/16-20 0.11323 18,120 
0.500 1/2·20 0.15358 24,570 
0.562 9/16·18 0.19502 31,200 

0.625 5/8·18 0.24700 39,520 
0.750 3/4-16 0.36082 57,700 
0.875 7/8-14 0.49327 78,900 
1.000 1·12 0.64156 102,600 
1.125 1·118-12 0.83129 133,000 

1.250 1·1/4-12 1.0456 167,300 
1.375 1-3/8-12 1.2844 205,500 
1.500 1-112·12 1.5477 247,600 

"All value. are for 3A threads. 

bNuti de.igned to develop Ute ultimate tensile strenglh orlhe faslener are required to develop lhe tabulated lension loads. 

'Values with the lirst digit <4 are shown to 4 significant ligures; all others are shown to 3 significant figures. 

dFraclional equiva lent or number and threads per inch. 

"Area compuled using maximum minor diameter.s published in Tables II and III of MIL·S·8879. 

Ultimate tensile strength, Ibs a.b.c 

180 220 260 

MIL-S-8879 

979 1,196 1,414 
1,468 1,794 2,120 
2,313 2,827 3,340 
3,348 4,090 4,840 
6,160 7,530 8,900 

9,880 12,080 14,280 
15,100 18,450 21,810 
20,380 24,910 29,440 
27,640 33,790 39,930 
35,100 42,900 50,700 

44,500 54,300 64,200 
64,900 79,400 93,800 
88,800 108,500 128,300 

115,500 141,100 166,800 
149,600 182,900 216,100 

188,200 230,000 271,900 
231,200 282,600 333,900 
278,600 340,500 402,400 

300 

1,631 
2,447 
3,854 
5,580 

10,270 

16,470 
25,160 
33,970 
46,100 
58,500 

74,100 
108,200 
148,000 
192,500 
249,400 

313,700 
385,300 
464,300 

rs: 
...... "'" 
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Appendix C 
Blind Rivet Requirements 
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BLIND RIVETS SHALL BE USED IN COMPLIANCE WITH THE JOINT ALLOWABLE TABLES IN IIIL-HIl8K-S. CHAPTER B. 

BLINO RIVETS SHALL CONFOP.I1 TO THE FOLLOWING REQUIREMENTS: 

1. THE HOLE SIZE FOR BLIND INSTALLATION SHALL BE WITHIN THE LIMITS SPECIFIED ON THE APPLICABLE 
SPECIFICATION SHEET. STANDARD. OR DRAWltIG. 

2. FOR DIMPLEO ASSH'IlLY. THE RIVET HOLES SHALL BE SIZEO AFTER THE SHEETS HAVE BEEN DIMPLED. 

3. MECHANICALLY LOCKED SPINDLE BLIND RIVETS (LOCKING RI~G OR COLLAR) MAY BE USED ON AIRCRAFT 
IN AIR INTAKE AREAS AND IN THE AREA FORWARD OF THE EtIGIHE. 

4. FOR REPAIR ANO REWORK. THE BLIND RIVETS USED IN REPLf.CEMEHT OF SOLID SHANK RIVETS SHALL BE 
OVERSIZE OR ONE STANDARD SIZE LARGER (SEE REQMT 5). 

5. OVERSIZE BLIND RIVETS MAY BE USED FOR REPAIR AND REWORK: 

•• OVERSIZE RIVETS ARE FOR USE IN NOri-STANDARD HOLE DIAMETERS. NON-STANDARD HOLES 
ARE THE RESULT OF HOLE RESIZING DURING REWORK OR REPAIR. OR DUE TO MAHUFACTIJRItIG 
ERROR IN NEW DESIGN. 

b. THE GRIP LENGTH OF THE OVERSIZE RIVET. THE BACKSIDE CLEARANCE (INSTALLED AND 
UfflNSTALLED). AND THE PERFORl1ANCE CHARACTERISTICS SHALL BF. EQUAL TO THE STANDARD 
RIVET THAT IS BEING REPLACED. 

6. e',I;.O RIVETS SHALL NOT 8E USED: 

•• IN FLUID TIGHT AREAS. 

b. ON AIRCRAFT CmTROL SURFACE HINGES. HINGE BRACKETS. FLIGHT CONTROL ACTUATING 
SYSTElIS. WING AnACl+lENT FITTINGS. LANDING GEAR FlnINGS. OR OTHER HEAVILY 
STRESSED LOCATIONS ON THE AIRCRAFT. 

7. FRICTION LOCY-ED BLIND RIVETS (NO LOCKING RING OR COLLAR) SHALL HOT BE USED 
ON AIRCRAFT IN AIR INTAKE AREAS WHERE RIVET PARTS MAY BE INGESTED BY THE ENGINE. 

B. NICKEL-COPPER ALLOY (MONEL) RIVETS WITH CADI1IUH PLATING SHALL NOT BE USED 
WHERE THE AI1lIEHT TEMPERATURE IS ABOVE 400"F. 

9. FLUSH HEAD RIVETS SHALL NOT BE MILLED TO Il8TAIN FLUSHNESS WITH THE 
SURROUNDING SHEET WITHOUT PRIOR WRITTEN APPROVAL FROM THE DESIGN ACTIVITY. 

10. OVERSIZE BLINO RIVETS SHALL NOT BE SPECIFIED IN NEW DESIGN. AN OVERSIZE 
BLIND RIVET IS ONE SPECIFICALLY DESIGNED FOR REPlACE~"T PURPOSES. ITS 
SHANK DIAMETER DIMENSION IS GREATER THAN A STANDARD BU'IO RIVET. 

11. OiEMICALLY EXPANDED BLIND RIVETS SHALL NOT BE USED. 

THIS IS A DESIGN STANDARD. NOT TO BE USED AS A PART NUMBER. 

I FED. su~ cuss 
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