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Acceleration is the time-rate of change of velocity and is expressed as veloc ity divided 
by time or as distance divided by time squared, that is, in feet per second per second or  
feet per second squared (ft/sec2); inches per second per second or inches per second 
squared (in/sec2); centimeters per second per second or centimeters per second squared 
(cm/sec2); etc. The metric SI unit is the meter per second squared (m/sec2).

Unit Abbreviations.—Standard abbreviations for the units of physical quantities  are 
used throughout the Handbook. Comprehensive tables of unit abbreviations are found 
starting on page 2827 for US units, and on page 2832 for metric units.

Unit Systems.—In mechanics calculations, both absolute and gravitational systems of 
units are employed. The fundamental quantities in absolute systems are length, time, and 
mass, and from these the dimension of force is derived. Two absolute systems that have 
been in use for many years are the CGS (centimeter-gram-second) and the MKS (meter-
kilogram-second) systems. They are named for the fundamental units of length, mass and 
time, respectively. Another system known as MKSA (meter-kilogram-second-ampere) 
links the MKS system of units of mechanics with electromagnetic units.

The General Conference of Weights and Measures (CGPM), which is the body 
responsible for all international matters concerning the metric system, adopted in 
1954 a rationalized and coherent system of units based on the four MKSA units, 
including the kelvin as the unit of temperature and the candela as the unit of lumi-
nous intensity. In 1960, the CGPM formally named this system the “Système Inter-
national d’Unités,” for which the abbreviation is SI in all languages. In 1971, the 14th 
CGPM adopted a seventh base unit, the mole, which is the unit of quantity (“amount 
of sub stance”). Further details of the SI are given in the section MEASURING UNITS 
starting on page 2831, and its application in mechanics calculations, contrasted with 
the use of the English system, is considered below.

The fundamental quantities in gravitational systems are length, time, and force, and 
from these units, the dimension of mass is derived. In the gravitational system most 
widely used in English measure countries, the units of length, time, and force are, respec-
tively, the foot (ft), the second (s or sec), and the pound (lb). The corresponding unit of 
mass, commonly called the slug, is equal to 1 lb-s2/ft and is derived from the formula, M = 
W/g in which M = mass in slugs, W = weight in pounds, and g = acceleration due to gravity, 
commonly taken as 32.16 ft/s2. A body that weighs 32.16 lbs on the surface of the earth has, 
therefore, a mass of 1 slug.

Many engineering calculations utilize a system of units consisting of the inch,the sec-
ond, and the pound. The corresponding units of mass are pounds second squared per inch 
(lb-s2/in) and the value of g is taken as 386 in/s2.

In a gravitational system that has been widely used in metric countries, the units of 
length, time, and force are, respectively, the meter, the second, and the kilogram-force  
(1 kgf = 9.80665 N). The corresponding units of mass are kgf-s2/m and the value of g is 
taken as 9.81 m/s2.

Acceleration of Gravity g Used in Mechanics Formulas.—The acceleration of a freely 
falling body varies according to location on the earth’s surface as well as the height from 
which the body falls. Its value measured at sea level at the equator is 32.09 ft/sec2 while at 
the poles is 32.26 ft/sec2. In the United States it is customary to regard 32.16 as satisfactory 
for most practical purposes in engineering calculations.

Standard Pound Force:
known as the pound force 2, designated by the symbol g0, 
has been adopted by international agreement. As a result of this agreement, whenever the 
term mass, M, appears in a mechanics formula and the substitution M = W/g is made, use 
of the standard value g0

2 is implied, although as stated previously, it is 
cus tomary to use approximate values for g except where extreme accuracy is required.

Cross reference corrected 
(was incorrectly page 2872).
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Table 11b.  Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition)

AISI 
No.a

Tempering 
Temperature, 

°F

Tensile Strength

Elongation, 
Percent

Reduction 
in Area, 
Percent

Hardness, 
BHN

Ultimate Yield

1000 lb/in2

1030b 400 123 94 17 47 495

600 116 90 19 53 401

800 106 84 23 60 302

1000 97 75 28 65 255

1200 85 64 32 70 207

1040b 400 130 96 16 45 514

600 129 94 18 52 444

800 122 92 21 57 352

1000 113 86 23 61 269

1200 97 72 28 68 201

1040 400 113 86 19 48 262

600 113 86 20 53 255

800 110 80 21 54 241

1000 104 71 26 57 212

1200 92 63 29 65 192

1050b 400 163 117 9 27 514

600 158 115 13 36 444

800 145 110 19 48 375

1000 125 95 23 58 293

1200 104 78 28 65 235

1050 400 … … … … …

600 142 105 14 47 321

800 136 95 20 50 277

1000 127 84 23 53 262

1200 107 68 29 60 223

1060 400 160 113 13 40 321

600 160 113 13 40 321

800 156 111 14 41 311

1000 140 97 17 45 277

1200 116 76 23 54 229

1080 400 190 142 12 35 388

600 189 142 12 35 388

800 187 138 13 36 375

1000 164 117 16 40 321

1200 129 87 21 50 255

1095b 400 216 152 10 31 601

600 212 150 11 33 534

800 199 139 13 35 388

1000 165 110 15 40 293

1200 122 85 20 47 235

1095 400 187 120 10 30 401

600 183 118 10 30 375

800 176 112 12 32 363

1000 158 98 15 37 321

1200 130 80 21 47 269

1137 400 157 136 5 22 352

600 143 122 10 33 285

800 127 106 15 48 262

1000 110 88 24 62 229

1200 95 70 28 69 197

Subtitle in parentheses of this 
table (MH31 pages 423-426) 
changed (from incorrect subtitle 
"Hot Rolled, Normalized, and 
Annealed")
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Table 11b.  Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition)

AISI 
No.a

Tempering 
Temperature, 

°F

Tensile Strength

Elongation, 
Percent

Reduction 
in Area, 
Percent

Hardness, 
BHN

Ultimate Yield

1000 lb/in2

1137b 400 217 169 5 17 415

600 199 163 9 25 375

800 160 143 14 40 311

1000 120 105 19 60 262

1200 94 77 25 69 187

1141 400 237 176 6 17 461

600 212 186 9 32 415

800 169 150 12 47 331

1000 130 111 18 57 262

1200 103 86 23 62 217

1144 400 127 91 17 36 277

600 126 90 17 40 262

800 123 88 18 42 248

1000 117 83 20 46 235

1200 105 73 23 55 217

1330b 400 232 211 9 39 459

600 207 186 9 44 402

800 168 150 15 53 335

1000 127 112 18 60 263

1200 106 83 23 63 216

1340 400 262 231 11 35 505

600 230 206 12 43 453

800 183 167 14 51 375

1000 140 120 17 58 295

1200 116 90 22 66 252

4037 400 149 110 6 38 310

600 138 111 14 53 295

800 127 106 20 60 270

1000 115 95 23 63 247

1200 101 61 29 60 220

4042 400 261 241 12 37 516

600 234 211 13 42 455

800 187 170 15 51 380

1000 143 128 20 59 300

1200 115 100 28 66 238

4130b 400 236 212 10 41 467

600 217 200 11 43 435

800 186 173 13 49 380

1000 150 132 17 57 315

1200 118 102 22 64 245

4140 400 257 238 8 38 510

600 225 208 9 43 445

800 181 165 13 49 370

1000 138 121 18 58 285

1200 110 95 22 63 230

4150 400 280 250 10 39 530

600 256 231 10 40 495

800 220 200 12 45 440

1000 175 160 15 52 370

1200 139 122 19 60 290

4340 400 272 243 10 38 520

600 250 230 10 40 486

800 213 198 10 44 430

1000 170 156 13 51 360
1200 140 124 19 60 280

Table 11b. (Continued) Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition) 

Parenthetical subtitle corrected.



MECHANICAL PROPERTIES OF STEELS 425

Table 11b.  Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition)

AISI 
No.a

Tempering 
Temperature, 

°F

Tensile Strength

Elongation, 
Percent

Reduction 
in Area, 
Percent

Hardness, 
BHN

Ultimate Yield

1000 lb/in2

5046 400 253 204 9 25 482

600 205 168 10 37 401

800 165 135 13 50 336

1000 136 111 18 61 282

1200 114 95 24 66 235

50B46 400 … … … … 560

600 258 235 10 37 505

800 202 181 13 47 405

1000 157 142 17 51 322

1200 128 115 22 60 273

50B60 400 … … … … 600

600 273 257 8 32 525

800 219 201 11 34 435

1000 163 145 15 38 350

1200 130 113 19 50 290

5130 400 234 220 10 40 475

600 217 204 10 46 440

800 185 175 12 51 379

1000 150 136 15 56 305

1200 115 100 20 63 245

5140 400 260 238 9 38 490

600 229 210 10 43 450

800 190 170 13 50 365

1000 145 125 17 58 280

1200 110 96 25 66 235

5150 400 282 251 5 37 525

600 252 230 6 40 475

800 210 190 9 47 410

1000 163 150 15 54 340

1200 117 118 20 60 270

5160 400 322 260 4 10 627

600 290 257 9 30 555

800 233 212 10 37 461

1000 169 151 12 47 341

1200 130 116 20 56 269

51B60 400 … … … … 600

600 … … … … 540

800 237 216 11 36 460

1000 175 160 15 44 355

1200 140 126 20 47 290

6150 400 280 245 8 38 538

600 250 228 8 39 483

800 208 193 10 43 420

1000 168 155 13 50 345

1200 137 122 17 58 282

81B45 400 295 250 10 33 550

600 256 228 8 42 475

800 204 190 11 48 405

1000 160 149 16 53 338

1200 130 115 20 55 280

Table 11b. (Continued) Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition) 

Parenthetical subtitle corrected.
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Table 11b.  Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition)

AISI 
No.a

Tempering 
Temperature, 

°F

Tensile Strength

Elongation, 
Percent

Reduction 
in Area, 
Percent

Hardness, 
BHN

Ultimate Yield

1000 lb/in2

8630 400 238 218 9 38 465

600 215 202 10 42 430

800 185 170 13 47 375

1000 150 130 17 54 310

1200 112 100 23 63 240

8640 400 270 242 10 40 505

600 240 220 10 41 460

800 200 188 12 45 400

1000 160 150 16 54 340

1200 130 116 20 62 280

86B45 400 287 238 9 31 525

600 246 225 9 40 475

800 200 191 11 41 395

1000 160 150 15 49 335

1200 131 127 19 58 280

8650 400 281 243 10 38 525

600 250 225 10 40 490

800 210 192 12 45 420

1000 170 153 15 51 340

1200 140 120 20 58 280

8660 400 … … … … 580

600 … … … … 535

800 237 225 13 37 460

1000 190 176 17 46 370

1200 155 138 20 53 315

8740 400 290 240 10 41 578

600 249 225 11 46 495

800 208 197 13 50 415

1000 175 165 15 55 363

1200 143 131 20 60 302

9255 400 305 297 1 3 601

600 281 260 4 10 578

800 233 216 8 22 477

1000 182 160 15 32 352

1200 144 118 20 42 285

9260 400 … … … … 600

600 … … … … 540

800 255 218 8 24 470

1000 192 164 12 30 390

1200 142 118 20 43 295

94B30 400 250 225 12 46 475

600 232 206 12 49 445

800 195 175 13 57 382

1000 145 135 16 65 307

1200 120 105 21 69 250

a 

temperatures are given in parentheses. Heat-treated specimens were oil-quenched unless 
otherwise indicated.

b Water quenched.
Source: Bethlehem Steel Corp. and Republic Steel Corp. as published in 1974 DATABOOK issue 

of the American Society for Metals’ Metal Progress

Table 11b. (Continued) Typical Mechanical Properties of Selected Carbon and  
Alloy Steels (Quenched-and-Tempered Condition) 

Parenthetical subtitle corrected.
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Selecting metals with similar electrochemical potentials usually minimizes galvanic cor-
rosion. One method of comparing potentials involves referencing a galvanic series. While it 
should be representative of anticipated environmental conditions, this tool is not used to pre-
dict corrosion rates, but rather provides a qualitative evaluation of coupled metal behavior.

To develop a series, a reference half- cell and samples of the target metals are immersed 
together in an electrolyte solution chosen and circulated to match the expected environ-
mental conditions. Over time, potentials of the target metals are measured relative to 
the reference half-cell. There are several standard reference half-cell compositions that 
will yield different values; the appropriate reference is compatible with the electrolyte. A 
useful standard is ASTM G82-98 (2014), “Standard Guide for Development and Use of a 
Galvanic Series for Predicting Galvanic Corrosion Performance.”

conditions. While saltwater is highly conductive, freshwater has low conductivity, and 
dynamic electrolyte conditions will greatly affect potential measurements. Therefore, for 

than using published galvanic series information.
For examples of seawater applications, refer to Table 2, which is based on Army Missile 

Command Report RS-TR-67-11, “Practical Galvanic Series.” Materials closer together 
along the arrow in the series have less corrosion-inducing potential difference between 
them in that environment. However, use this data with caution in predicting whether cor-
rosion will be a risk. This series indicates which material will be the anode in a couple, 
though polarity reversals can occur in which a metal normally anodic to another will be-
come cathodic to that same metal. Examples include high-temperature reversals of zinc/
iron, aluminum/iron, and aluminum/zinc.

Table 2. Sample Galvanic Series, General Seawater Environment

Name corrected
(was "Silicone 
Bronze 655" so 
"e" removed)
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tables, particularly Metric conversions.



652 LIMITS AND FITS

The limits for hole and shaft as given in Table 8a to Table 12 are increased for clearance 
decreased

Graphical Representation of ANSI/ASME Standard Limits and Fits 
ANSI/ASME B4.1-1967 (2009; out of print)
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LT1
LT2

LT3
LT62

1
0

–1

LT5LT4

3
2
1
0

Interference Locational Fits Force or Shrink Fits

2
1
0

LN1

FN3 FN4

FN5

LN2

This figure has been revised per the ANSI/ASME standard.
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Table 1a.  Morse Stub Taper Shanks

A
PLUG
GAGE

D
P

B

F

Y X
REAMER

SHANK

RAD
G

E

N

M
C

F
O

SHANK

H

TAPER 1 3/4´́   PER FOOT

No. 
of 

Taper

Taper 
per 

Foota

Taper 
per 

Inchb

Small 
End of 
Plug, b 

D

Dia. 
End of 

Socket, a 
A

Shank Tang

Total 
Length, 

B
Depth, 

C
Thickness, 

E
Length, 

F

1 0.59858 0.049882 0.4314 0.475 15⁄16 11⁄8 13⁄64 5⁄16

2 0.59941 0.049951 0.6469 0.700 111⁄16 17⁄16 19⁄64 7⁄16

3 0.60235 0.050196 0.8753 0.938 2 13⁄4 25⁄64 9⁄16

4 0.62326 0.051938 1.1563 1.231 23⁄8 21⁄16 33⁄64 11⁄16

5 0.63151 0.052626 1.6526 1.748 3 211⁄16 3⁄4 15⁄16

Tang Socket Tang Slot

No. 
of 

Taper

Radius 
of Mill, 

G

Min. Depth of 
Tapered Hole

Socket 
End to 

Tang Slot, 
M

Diameter, 
H

Plug Depth, 
P

Drilled 
X

Reamed 
Y

Width, 
N

Length, 
O

1 3⁄16 13⁄32 7⁄8 15⁄16 29⁄32 25⁄32 7⁄32 23⁄32

2 7⁄32 39⁄64 11⁄16 15⁄32 17⁄64 15⁄16 5⁄16 15⁄16

3 9⁄32 13⁄16 11⁄4 13⁄8 15⁄16 11⁄16 13⁄32 11⁄8

4 3⁄8 13⁄32 17⁄16 19⁄16 11⁄2 13⁄16 17⁄32 13⁄8

5 9⁄16 119⁄32 113⁄16 115⁄16 17⁄8 17⁄16 25⁄32 13⁄4
All dimensions in inches.
Radius J is 3⁄64, 1⁄16, 5⁄64, 3⁄32, and 1⁄8 inch respectively for Nos. 1, 2, 3, 4, and 5 tapers.

a These are basic dimensions.

b These dimensions are calculated for reference only.

Jarno Taper.—The Jarno taper was originally proposed by Oscar J. Beale of the Brown & 
Sharpe Mfg. Co. This taper is based on such simple formulas that practically no calcula-
tions are required when the number of taper is known. The taper per foot of all Jarno taper 
sizes is 0.600 inch on the diameter. The diameter at the large end is as many eighths, the 
diameter at the small end is as many tenths, and the length as many half inches as are indi-
cated by the number of the taper. For example, a No. 7 Jarno taper is 7⁄8 inch in diameter at 
the large end; 7⁄10, or 0.700 inch at the small end; and 7⁄2, or 31⁄2 inches long; hence, diame-
ter at large end = No. of taper ÷ 8; diameter at small end = No. of taper ÷ 10; length of taper 
= No. of taper ÷
machines and die-sinking machines. It has also been used for the headstock and tailstock 
spindles of some lathes.

Corrected to 15/16 
(was incorrectly 5/16)
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Table 8.  Dimensions of Morse Taper Sleeves

M D IB = No. Morse Taper Inside

A = No. Morse Taper Outside

F

L

E

K

G

C
H

A B C D E F G H I K L M

2 1 39⁄16 0.700 5⁄8 1⁄4 7⁄16 23⁄16 0.475 21⁄16 3⁄4 0.213

3 1 315⁄16 0.938 1⁄4 5⁄16 9⁄16 23⁄16 0.475 21⁄16 3⁄4 0.213

3 2 47⁄16 0.938 3⁄4 5⁄16 9⁄16 25⁄8 0.700 21⁄2 7⁄8 0.260

4 1 47⁄8 1.231 1⁄4 15⁄32 5⁄8 23⁄16 0.475 21⁄16 3⁄4 0.213

4 2 47⁄8 1.231 1⁄4 15⁄32 5⁄8 25⁄8 0.700 21⁄2 7⁄8 0.260

4 3 53⁄8 1.231 3⁄4 15⁄32 5⁄8 31⁄4 0.938 31⁄16 13⁄16 0.322

5 1 61⁄8 1.748 1⁄4 5⁄8 3⁄4 23⁄16 0.475 21⁄16 3⁄4 0.213

5 2 61⁄8 1.748 1⁄4 5⁄8 3⁄4 25⁄8 0.700 21⁄2 7⁄8 0.260

5 3 61⁄8 1.748 1⁄4 5⁄8 3⁄4 31⁄4 0.938 31⁄16 13⁄16 0.322

5 4 65⁄8 1.748 3⁄4 5⁄8 3⁄4 41⁄8 1.231 37⁄8 11⁄4 0.478

6 1 85⁄8 2.494 3⁄8 3⁄4 11⁄8 23⁄16 0.475 21⁄16 3⁄4 0.213

6 2 85⁄8 2.494 3⁄8 3⁄4 11⁄8 25⁄8 0.700 21⁄2 7⁄8 0.260

6 3 85⁄8 2.494 3⁄8 3⁄4 11⁄8 31⁄4 0.938 31⁄16 13⁄16 0.322

6 4 85⁄8 2.494 3⁄8 3⁄4 11⁄8 41⁄8 1.231 37⁄8 11⁄4 0.478

6 5 85⁄8 2.494 3⁄8 3⁄4 11⁄8 51⁄4 1.748 415⁄16 11⁄2 0.635

7 3 115⁄8 3.270 3⁄8 11⁄8 13⁄8 31⁄4 0.938 31⁄16 13⁄16 0.322

7 4 115⁄8 3.270 3⁄8 11⁄8 13⁄8 41⁄8 1.231 37⁄8 11⁄4 0.478

7 5 115⁄8 3.270 3⁄8 11⁄8 13⁄8 51⁄4 1.748 415⁄16 11⁄2 0.635

7 6 121⁄2 3.270 11⁄4 11⁄8 13⁄8 73⁄8 2.494 7 13⁄4 0.760

Table 9.  Morse Taper Sockets — Hole and Shank Sizes

Size

Morse Taper

Size

Morse Taper

Size

Morse Taper

Hole Shank Hole Shank Hole Shank

1 by 2 No. 1 No. 2 2 by 5 No. 2 No. 5 4 by 4 No. 4 No. 4

1 by 3 No. 1 No. 3 3 by 2 No. 3 No. 2 4 by 5 No. 4 No. 5

1 by 4 No. 1 No. 4 3 by 3 No. 3 No. 3 4 by 6 No. 4 No. 6

1 by 5 No. 1 No. 5 3 by 4 No. 3 No. 4 5 by 4 No. 5 No. 4

2 by 3 No. 2 No. 3 3 by 5 No. 3 No. 5 5 by 5 No. 5 No. 5

2 by 4 No. 2 No. 4 4 by 3 No. 4 No. 3 5 by 6 No. 5 No. 6

Letter in figure corrected to H 
(was incorrectly B).
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Diamond Wheels

Diamond Wheels.—A diamond wheel is a special type of grinding wheel in which the 
abrasive elements are diamond grains held in a bond and applied to form a layer on the 
operating face of a non-abrasive core. Diamond wheels are used for grinding very hard or 
highly abrasive materials. Primary applications are the grinding of cemented carbides, 
such as the sharpening of carbide cutting tools; the grinding of glass, ceramics, asbestos, 
and cement products; and the cutting and slicing of germanium and silicon.

Shapes of Diamond Wheels.—The industry-wide accepted Standard (ANSI B74.3-2003 

the applicable designation symbols. The applied diamond abrasive layer may have dif-
ferent cross-sectional shapes. Those standardized are shown in Table 2. The third aspect 
which is standardized is the location of the diamond section on the wheel as shown by the 

-
nent designation letters are given in Table 4.

The characteristics of the wheel shape listed in these four tables make up the components 
of the standard designation symbol for diamond wheel shapes. An example of that symbol 
with arbitrarily selected components is shown in Fig. 1.

Fig. 1.  A Typical Diamond Wheel Shape Designation Symbol

An explanation of these components is as follows:

Basic Core Shape: This portion of the symbol indicates the basic shape of the core on 
which the diamond abrasive section is mounted. The shape is actually designated by a 
number. The various core shapes and their designations are given in Table 1.

Diamond Cross-Sectional Shape: This, the second component, consisting of one or two 
letters, denotes the cross-sectional shape of the diamond abrasive section. The various 
shapes and their corresponding letter designations are given in Table 2.

Diamond Section Location: The third component of the symbol consists of a number 
which gives the location of the diamond section, i.e., periphery, side, corner, etc. An expla-
nation of these numbers is shown in Table 3.

 The fourth component of the symbol is a letter designating some 

D6 A 2 C
Shape of
Diamond
Section

Location of
Diamond
 Section

Modification
(Drilled and
CSK Hole)

Core
ShapeInstead of 

D6, per 
standard 
ANSI 
B74.3-2003 
(R2014) 
page 2, this 
should be 
just: 6

D6

3P
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Table 3.  Designations for Location of Diamond 
Section on Diamond Wheel ANSI B74.3-2003 (R2014)

Designation No. 
and Location Description Illustration

9 — Corner Designates a location which would commonly be 
considered to be on the periphery except that the 
diamond section shall be on the corner but shall not 
extend to the other corner.

10 — Annular Designates a location of the diamond abrasive 
sec tion on the inner annular surface of the wheel.

Composition of Diamond and Cubic Boron Nitride Wheels.—According to American 
National Standard ANSI B74.13-2016, a series of symbols is used to designate the compo-
sition of these wheels. An example is shown below.

M D R B 1 8IOO12O 56

Grain
Size

Depth of
Abrasive

Bond
Type

Bond
Modifi-
cation

Manufacturer’s
Identification

SymbolConcentrationAbrasive GradePrefix

Fig. 2.  Designation Symbols for Composition of Diamond and Cubic Boron Nitride Wheels

The meaning of each symbol is indicated by the following list:

1) 
Its use is optional.

2) Abrasive Type: The letter (B) is used for cubic boron nitride and (D) for diamond.

3) Grain Size:
indicated by the following numbers: 8, 10, 12, 14, 16, 20, 24, 30, 36, 46, 54, 60, 70, 80, 90, 
100, 120, 150, 180, and 220. The following additional sizes are used occasionally: 240, 
280, 320, 400, 500, and 600. The wheel manufacturer may add to the regular grain number 
an additional symbol to indicate a special grain combination.

4) Grade: Grades are indicated by letters of the alphabet from A to Z in all bonds or pro-
cesses. Wheel grades from A to Z range from soft to hard.

5) Concentration: The concentration symbol is a manufacturer’s designation. It may be 
a number or a symbol.

6) Bond:

7) 

letters or numbers.

8) Abrasive Depth: Abrasive section depth, in inches or millimeters (inches illustrated), 
is indicated by a number or letter which is the amount of total dimensional wear a user may 
expect from the abrasive portion of the product. Most diamond and CBN wheels are made 
with a depth of coating on the order of 1⁄16 in., 1⁄8
In some cases the diamond is applied in thinner layers, as thin as one thickness of diamond 
grains. The L is included in the marking system to identify a layered type product.

9)  The use of this symbol is optional.

Table 3. (Continued) Designations for Location of Diamond 
Section on Diamond Wheel ANSI B74.3-2003 (R2014)

Per standard 
ANSI 
B74.13-2016, 
page 3, R 
should be N

R
Grad

3P



1674 BOLTS, SCREWS, AND NUTS

Table 4.   
 ANSI/ASME B18.2.1-2012

Nominal Sizea 
or Basic 

Product Dia.

Body Dia. 
E

Width Across 
Flats F

Width Across 
Corners G

Height 
H

Thread 
LengthbLT

Max. Min. Basic Max. Min. Max. Min. Basic Max. Min. Basic

HEAVY HEX SCREWS (Fig. 4)
3 8 0.3750 0.3750 0.360 11 16 0.688 0.669 0.794 0.763 15 64 0.243 0.226 1.000
1 2 0.5000 0.5000 0.482 7 8 0.875 0.850 1.010 0.969 5 16 0.323 0.302 1.250
5 8 0.6250 0.6250 0.605 11 16 1.062 1.031 1.227 1.175 25 64 0.403 0.378 1.500
3 4 0.7500 0.7500 0.729 11 4 1.250 1.212 1.443 1.383 15 32 0.483 0.455 1.750
7 8 0.8750 0.8750 0.852 17 16 1.438 1.394 1.660 1.589 35 64 0.563 0.531 2.000

1 1.0000 1.0000 0.976 15 8 1.625 1.575 1.876 1.796 39 64 0.627 0.591 2.250
11 8 1.1250 1.1250 1.098 113 16 1.812 1.756 2.093 2.002 11 16 0.718 0.658 2.500
11 4 1.2500 1.2500 1.223 2 2.000 1.938 2.309 2.209 25 32 0.813 0.749 2.750
13 8 1.3750 1.3750 1.345 23 16 2.188 2.119 2.526 2.416 27 32 0.878 0.810 3.000
11 2 1.5000 1.5000 1.470 25 8 2.375 2.300 2.742 2.622 15 16 0.974 0.902 3.250
15 8 1.6250 1.6250 1.591 29 16 2.562 2.481 2.959 2.829 1 1.038 0.962 3.500
13 4 1.7500 1.7500 1.716 23 4 2.750 2.662 3.175 3.035 13 32 1.134 1.054 3.750
17 8 1.8750 1.8750 1.839 215 16 2.938 2.844 3.392 3.242 15 32 1.198 1.114 4.000
2 2.0000 2.0000 1.964 31 8 3.125 3.025 3.608 3.449 17 32 1.263 1.175 4.250
21 4 2.2500 2.2500 2.214 31 2 3.500 3.388 4.041 3.862 13 8 1.423 1.327 5.000c

21 2 2.5000 2.5000 2.461 37 8 3.875 3.750 4.474 4.275 117 32 1.583 1.479 5.500c

23 4 2.7500 2.7500 2.711 41 4 4.250 41.112 4.907 4.688 111 16 1.744 1.632 6.000c

3 3.0000 3.0000 2.961 45 8 4.625 4.475 5.340 5.102 17 8 1.935 1.815 6.500c

31 4 3.2500 3.2500 3.210 5 5.000 4.838 5.774 5.515 2 2.126 1.998 7.000c

31 2 3.5000 3.5000 3.461 53 8 5.375 5.200 6.207 5.928 21 4 2.256 2.120 7.500c

33 4 3.7500 3.7500 3.711 53 4 5.750 5.562 6.640 6.341 23 8 2.447 2.303 8.000c

4 4.0000 4.0000 3.961 61 8 6.125 5.925 7.073 6.755 21 2 2.576 2.424 8.500c

41 4 4.2500 4.2500 4.223 61 2 6.500 6.288 7.506 7.168 23 4 2.768 2.608 9.000c

41 2 4.5000 4.5000 4.473 67 8 6.875 6.650 7.939 7.581 27 8 2.896 2.728 9.500c

43 4 4.7500 4.7500 4.723 71 4 7.250 7.012 8.372 7.994 3 3.088 2.912 10.000c

5 5.0000 5.0000 4.973 75 8 7.625 7.375 8.805 8.408 31 8 3.217 3.033 10.500c

51 4 5.2500 5.2500 5.223 8 8.000 7.738 9.238 8.821 33 8 3.408 3.216 11.000c

51 2 5.5000 5.5000 5.473 83 8 8.375 8.100 9.671 9.234 31 2 3.538 3.338 11.500c

53 4 5.7500 5.7500 5.723 83 4 8.750 8.462 10.104 9.647 35 8 3.729 3.521 12.000c

6 6.0000 6.0000 5.973 91 8 9.125 8.825 10.537 10.060 33 4 3.858 3.642 12.500c

HEX CAP SCREWS (Finished Hex Bolts) (Fig. 4)
1 4 0.2500 0.2500 0.2450 7 16 0.438 0.428 0.505 0.488 5 32 0.163 0.150 0.750
5 16 0.3125 0.3125 0.3065 1 2 0.500 0.489 0.577 0.557 13 64 0.211 0.195 0.875
3 8 0.3750 0.3750 0.3690 9 16 0.562 0.551 0.650 0.628 15 64 0.243 0.226 1.000
7 16 0.4375 0.4375 0.4305 5 8 0.625 0.612 0.722 0.698 9 32 0.291 0.272 1.125
1 2 0.5000 0.5000 0.4930 3 4 0.750 0.736 0.866 0.840 5 16 0.323 0.302 1.250
9 16 0.5625 0.5625 0.5545 13 16 0.812 0.798 0.938 0.910 23 64 0.371 0.348 1.375
5 8 0.6250 0.6250 0.6170 15 16 0.938 0.922 1.083 1.051 25 64 0.403 0.378 1.500
3 4 0.7500 0.7500 0.7410 11 8 1.125 1.100 1.299 1.254 15 32 0.483 0.455 1.750
7 8 0.8750 0.8750 0.8660 15 16 1.312 1.285 1.516 1.465 35 64 0.563 0.531 2.000

1 1.0000 1.0000 0.9900 11 2 1.500 1.469 1.732 1.675 39 64 0.627 0.591 2.250
11 8 1.1250 1.1250 1.1140 111 16 1.688 1.631 1.949 1.859 11 16 0.718 0.658 2.500
11 4 1.2500 1.2500 1.2390 17 8 1.875 1.812 2.165 2.066 25 32 0.813 0.749 2.750
13 8 1.3750 1.3750 1.3630 21 16 2.062 1.994 2.382 2.273 27 32 0.878 0.810 3.000
11 2 1.5000 1.5000 1.4880 21 4 2.250 2.175 2.598 2.480 15 16 0.974 0.902 3.250
15 8 1.6250 1.6250 1.6130 27 16 2.438 2.356 2.815 2.686 1 1.038 0.962 3.500
13 4 1.7500 1.7500 1.7380 25 8 2.625 2.538 3.031 2.893 13 32 1.134 1.054 3.750
17 8 1.8750 1.8750 1.8630 213 16 2.812 2.719 3.248 3.099 15 32 1.198 1.114 4.000
2 2.0000 2.0000 1.9880 3 3.000 2.900 3.464 3.306 17 32 1.263 1.175 4.250
21 4 2.2500 2.2500 2.2380 33 8 3.375 3.262 3.897 3.719 13 8 1.423 1.327 5.000c

21 2 2.5000 2.5000 2.4880 33 4 3.750 3.625 4.330 4.133 117 32 1.583 1.479 5.500c

23 4 2.7500 2.7500 2.7380 41 8 4.125 3.988 4.763 4.546 111 16 1.744 1.632 6.000c

3 3.0000 3.0000 2.9880 41 2 4.500 4.350 5.196 4.959 17 8 1.935 1.815 6.500c

a Nominal Size: Where specifying nominal size in decimals, zeros preceding the decimal and in the 
fourth decimal place are omitted.

b Thread lengths, LT, shown are for bolt lengths 6 inches and shorter. For longer bolt lengths add 0.250 
inch to thread lengths shown.

c Thread lengths, LT, shown are for bolt lengths over 6 inches.
All dimensions are in inches.

Standards.

Threads Series:
Series), Class 2A. Threads produced by other methods shall preferably be UNRC, UNRF or 8 UNR but, at 

 Chemical and mechanical properties of steel screws normally conform to Grades 2, 5, or 8 of 

6.0000 6.0000 
corrected 
(previously 
incorrectly read 
5.0000 5.0000).

5.7500
6.0000

5.7500
6.0000
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Table 1.  Wrench Openings for Nuts ANSI/ASME B18.2.2-2015, Appendix
Max.a Width 
Across Flats 

of Nut

Wrench Openingb Max.a Width 
Across Flats 

of Nut

Wrench Openingb Max.a Width 
Across Flats 

of Nut

Wrench Openingb

Min. Max. Min. Max. Min. Max.

5⁄32 0.158 0.163 11⁄4 1.257 1.267 215⁄16 2.954 2.973
3⁄16 0.190 0.195 15⁄16 1.320 1.331 3 3.016 3.035
7⁄32 0.220 0.225 13⁄8 1.383 1.394 31⁄8 3.142 3.162
1⁄4 0.252 0.257 17⁄16 1.446 1.457 33⁄8 3.393 3.414
9⁄32 0.283 0.288 11⁄2 1.508 1.520 31⁄2 3.518 3.540
5⁄16 0.316 0.322 15⁄8 1.634 1.646 33⁄4 3.770 3.793
11⁄32 0.347 0.353 111⁄16 1.696 1.708 37⁄8 3.895 3.918
3⁄8 0.378 0.384 113⁄16 1.822 1.835 41⁄8 4.147 4.172
7⁄16 0.440 0.446 17⁄8 1.885 1.898 41⁄4 4.272 4.297
1⁄2 0.504 0.510 2 2.011 2.025 41⁄2 4.524 4.550
9⁄16 0.566 0.573 21⁄16 2.074 2.088 45⁄8 4.649 4.676
5⁄8 0.629 0.636 23⁄16 2.200 2.215 47⁄8 4.900 4.928
11⁄16 0.692 0.699 21⁄4 2.262 2.277 5 5.026 5.055
3⁄4 0.755 0.763 23⁄8 2.388 2.404 51⁄4 5.277 5.307
13⁄16 0.818 0.826 27⁄16 2.450 2.466 53⁄8 5.403 5.434
7⁄8 0.880 0.888 29⁄16 2.576 2.593 55⁄8 5.654 5.686
15⁄16 0.944 0.953 25⁄8 2.639 2.656 53⁄4 5.780 5.813

1 1.006 1.015 23⁄4 2.766 2.783 6 6.031 6.157

11⁄16 1.068 1.077 213⁄16 2.827 2.845 61⁄8 6.065 6.192

11⁄8 1.132 1.142
a Wrenches are marked with the “Nominal Size of Wrench,” which is equal to the basic or 

nominal size of wrench.
b Openings for 5⁄32 to 3⁄8 widths from old ASA B18.2-1960 and italic values are from former ANSI 

B18.2.2-1972.
All dimensions given in inches.

Table 2.  Clearances for Open End Engineers Wrench (15°)
Nominal Wrench 

Size
A  Ba C D E Fb G Hc J Min.d 

in.-lbf

 5⁄32 0.156 0.220 0.250 0.390 0.160 0.250 0.200 0.030 0.094 35
 3⁄16 0.188 0.250 0.280 0.430 0.190 0.270 0.230 0.030 0.172 45
 1⁄4 0.250 0.280 0.340 0.530 0.270 0.310 0.310 0.030 0.172 67
 5⁄16 0.313 0.380 0.470 0.660 0.280 0.390 0.390 0.050 0.203 138
 11⁄32 0.344 0.420 0.500 0.750 0.340 0.450 0.450 0.050 0.203 193
 3⁄8 0.375 0.420 0.500 0.780 0.360 0.450 0.520 0.050 0.219 275
 7⁄16 0.438 0.470 0.590 0.890 0.420 0.520 0.640 0.050 0.250 413
 1⁄2 0.500 0.520 0.640 1.000 0.470 0.580 0.660 0.050 0.266 550
 9⁄16 0.563 0.590 0.770 1.130 0.520 0.660 0.700 0.050 0.297 770
 5⁄8 0.625 0.640 0.830 1.230 0.550 0.700 0.700 0.050 0.344 1100

 11⁄16 0.688 0.770 0.920 1.470 0.660 0.880 0.800 0.060 0.375 1375
 3⁄4 0.750 0.770 0.920 1.510 0.670 0.880 0.800 0.060 0.375 1650

 13⁄16 0.813 0.910 1.120 1.660 0.720 0.970 0.860 0.060 0.406 2200
 7⁄8 0.875 0.970 1.150 1.810 0.800 1.060 0.910 0.060 0.438 2475

 15⁄16 0.938 0.970 1.150 1.850 0.810 1.060 0.950 0.060 0.438 3025
1 1.000 1.050 1.230 2.000 0.880 1.160 1.060 0.060 0.500 3575

1 1⁄16 1.063 1.090 1.250 2.100 0.970 1.200 1.200 0.080 0.500 3850
1 1⁄8 1.125 1.140 1.370 2.210 1.000 1.270 1.230 0.080 0.500 4400
1 1⁄4 1.250 1.270 1.420 2.440 1.080 1.390 1.310 0.080 0.562 5775
1 5⁄16 1.313 1.390 1.690 2.630 1.170 1.520 1.340 0.080 0.562 6600
1 7⁄16 1.438 1.470 1.720 2.800 1.250 1.590 1.340 0.090 0.641 8250
1 1⁄2 1.500 1.470 1.720 2.840 1.270 1.590 1.450 0.090 0.641 8500
1 5⁄8 1.625 1.560 1.880 3.100 1.380 1.750 1.560 0.090 0.641 9000

a B = arc radius created by the swing of the wrench.
b F = inside arc radius of part.
c H
d J = torque that wrench will withstand in inch-pounds. Values updated from ANSI/ASME 

B107.100-2010, Wrenches.

1 1/16 
corrected  
(1 added; 
previously was 
just 1/16).

11⁄1⁄16⁄⁄



2018 METRIC SCREW THREADS M PROFILE

Fig. 3.  
 (Flanks at Maximum Material Condition). For Dimensions see Table 3

P
4

rmin =
0.125P

rmin =
0.125P

0.14434H
min truncation

Point of
intersection

Upper limiting profile
for rounded root
(See notes)

Basic M profile

Point of
intersection

Rounded root
max truncation
(See notes)

d2 basic pitch dia.

d3 max rounded
root minor dia.

d1 max flat root
minor dia.

d3 min minor dia.

d1

0.5 Td2

0.5 es

0.5 es

H
4

Fig. 4.  
 rmin = 0.125 P

3)   cos cosH r
r
T

4 1 60 1
4

Max truncation arcmin
min

d2°= − − − − m m; E

c c

where H
 rmin = Minimum external thread root radius

d2

d3 Nom. Minor Dia.
(Rounded Root)

d1 Basic Minor Dia.
(Flat Root)

d2 Max. Pitch
Dia.

d Max. Major Dia.

0.07217H

0.17783H

0.69717H

R = 0.125P

H
8

H
4

3
8 H 5

8 H

Basic Profile

Fig. 4 to be adjusted in next MH 
edition per current standard for 
correct proportion. See next page 
for example of correct version.
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METRIC SCREW THREADS M PROFILE

The below showing the revised proportion 
of p. 2018, Fig. 4, for future adjustment of 
this figure, per the ASME standard, is 
shown below.

3P
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METRIC SCREW THREADS M PROFILE 2023

Internal Threads:

 = basic major dia. +  (Table 6)

 = basic major dia. − 0.6495191P (Table 3) + D2 (Table 6)

 = min pitch dia. + 2 (Table 10)

 = max pitch dia. + 0.7938566P (Table 3)

 = min major dia. − 1.0825318P (Table 3)

 = min minor dia. + 1 (Table 8)

 = basic major dia. −  (Table 6) (Note that  is an absolute value.)

 = max major dia. −  (Table 9)

 = basic major dia. − 0.6495191P (Table 3) − d2 (Table 6)

 = max pitch dia. − 2 (Table 11)

 = max pitch dia. − 0.433013P (Table 3)

 = max pitch dia. − 2 × max trunc. (See Fig. 4)

 = min pitch dia. − 0.616025P (Table 3)

 = 0.125P

  
 Metric Threads TD1

Pitch 
P

Tolerance Grade

4 5 6a 7 8

0.2 0.038 … … … …

0.25 0.045 0.056 … … …

0.3 0.053 0.067 0.085 … …

0.35 0.063 0.080 0.100 … …

0.4 0.071 0.090 0.112 … …

0.45 0.080 0.100 0.125 … …

0.5 0.090 0.112 0.140 0.180 …

0.6 0.100 0.125 0.160 0.200 …

0.7 0.112 0.140 0.180 0.224 …

0.75 0.118 0.150 0.190 0.236 …

0.8 0.125 0.160 0.200 0.250 0.315

1 0.150 0.190 0.236 0.300 0.375

1.25 0.170 0.212 0.265 0.335 0.425

1.5 0.190 0.236 0.300 0.375 0.475

1.75 0.212 0.265 0.335 0.425 0.530

2 0.236 0.300 0.375 0.475 0.600

2.5 0.280 0.355 0.450 0.560 0.710

3 0.315 0.400 0.500 0.630 0.800

3.5 0.355 0.450 0.560 0.710 0.900

4 0.375 0.475 0.600 0.750 0.950

4.5 0.425 0.530 0.670 0.850 1.060

5 0.450 0.560 0.710 0.900 1.120

5.5 0.475 0.600 0.750 0.950 1.180

6 0.500 0.630 0.800 1.000 1.250

8 0.630 0.800 1.000 1.250 1.600

a

All dimensions are in millimeters.

Equation identified as incorrect in older ANSI 
standard; not in new standard. Correct to 
read:  
Max rounded root minor dia.= max pitch dia. 
- H + 2 x max trunc. (see Fig. 4)

p

 = max pitch dia. max trunc. (See Fig. 4). − 2 × m

3P
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Footnote c revised.



2834 SI METRIC UNITS

Table 5. Units Outside SI, Accepted for Use with SI

Table 6. 

Standard of Length and the US Customary Unit System

Among all units of measure, the history of standard of length traces a clear path from the 

Dot/
decimal 
placement 
corrected in 
2.58 in 
roentgen 
equation.


