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Cj v 4 — Minor diameter CLf -

—=| |=— Pitchp

: ; 45° chamfer

VAN

]— Thread angle 2a

«» Pitch is the distance between adjacent thread forms measured parallel to the thread axis.
The pitch in U.S. units is the reciprocal of the number of thread forms per inch N.

* Major diameter d is the largest diameter of a screw thread.
* Minor (or root) diameter d. is the smallest diameter of a screw thread.
* Pitch diameter d, is a theoretical diameter between the major and minor diameters.

* Lead I, not shown, is the distance the nut moves parallel to the screw axis when
the nut 1s given one turn. For a single thread, as in Figure §-1, the lead is the same
as the pitch.
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H Figure 8-2
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Table =3 Preferred Pitches for Acme Threads

: 1 3 3 1 3 3 1 1 1 3 1
d, in 4 16 8 2 8 4 B 1 Iy 13 I3 2 2 3
I I [ | I I I | | [ [ I I 1
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UM, UVR

0.125H
1 \ M, M j
0 GLSH 0.375H
P N
l 0.25P 0. 6875

~
+ = N
0250 13753 % 0.0625H 0250 N
| r=0. 108P Tangency flank/root ras
60°

Flanks to be straight

<« UNR design minor
beyond 0.25H from sharp ~——- diameter specified in
apex of root dimensional tables N

90 deg |

/ Axis of external thread
UN /B"'t /
Infernal /
Min major diameter

0.125p Thread
(Nut)

specified in dimensional __
tables

3!@3&{ Yoot Yadbivs

Axis of external thread

90 :leg)

(H = height of sharp V-thread = 0.86603 x pitch)



sSs ol 553 15 o L 3 gipiin bbb @

S ) ettt

fo wer Srun/

=]

| T1 e ‘ShL o T
i i |
| 4 | <

l'.° ‘6 ) -
VOB a2l /’J, AC;\A’E Cf’ |
leao Screw) (M

v
) 7 ’ ,, - Y /‘.l' / ) \
it b Z o) B G

2208 gl SNl )
/_)/‘)(/ 6/," 'L//\’/IL;‘/JL T



O g5 (ol 50

4~ e el el e et i

1
i
i
L&
T
L5
L4
L4
L
1
L
T

@1 e YL g g ipid Jad N3] ol b

s



w55 (ool 35S W13 o YL g graipoiid o « 1321 ooy @




O g5 (ol 50

@1 e YL g g ipid Jad N3] ol b

P

s



sSs ol 553 15 o L 3 gipiin bbb @

( (_/‘/'/)J’ //WF/J’JCfJ/ -

ubuf' ‘MJ”/”'yij
L;@‘/'Ll//r.'/‘:“v‘i’ gz 5

—

-~



O g5 (ol 50

@1 e YL g g ipid Jad N3] ol b

WHAT'S THE DIFFERENCE?

Technically, all three fasteners are self-tapping because each
screw cuts its own mating threads as it's driven into the material.

SELF-TAPPING

PR

REQUIRES
PILOT HOLE

Self-tapping screws are
designed to be used with
a pilot hole that is slightly
smaller in diameter than
the screw. Tapping screws
cut their own threads as
the screw is driven into
the material.

Self-tapping screws are
ideal for all sorts of

materials, including wood,

metal, and brick.

SELF-DRILLING
4 |

DRILL-SHAPED
POINT

Self-drilling screws don't
require a pilot hole.
The drill-shaped point
bores through the metal,
tapping its own threads
as the screw is driven
into the material.

SELF-PIERCING

d.m

Self-piercing screws are
engineered for use with
light gauge metal and
don't need a pilot hole.
The high-strength fastener
penetrates the metal and
taps its own threads as it
is driven into the material.

_-,\70;!!
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( Table 8-1 Diameters and\Areas of Coarse-Pitch and Fine-Pitcd Metric Threads*
Nominal Tensile- Minor- Tensile- Minor-
Major Pitch Stress Diameter Pitch Stress Diameter
Diameter P Area A, Area A, P Area A, Area A,
d mm mm mm? mm? mm mm? mm?
1.6 0.35 1.27 1.07
2 0.40 2.07 1.79
2.5 0.45 3.39 2.98
3 0.5 5.03 4.47
3.5 0.6 6.78 6.00
4 0.7 8.78 1.75
5 0.8 14.2 12.7
6 1 20.1 17.9
8 (@ 36.6 32.8 1) 39.2 36.0
10 1.5 58.0 52.3 1.25 61.2 56.3
12 1.75 84.3 76.3 1.25 92.1 86.0
14 2 115 104 1.5 125 116
16 2 157 144 1.5 167 157
20 2.5 245 225 1.5 272 259
24 3 353 " 324 2 384 365

r1‘)"/»\/l
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Table 8-2 Diameters and Area of Unified Screw Threads UNC and UNF#*

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-

(’ag’lu

723

Major Threads Stress Diameter Threads Stress Diameter
Size Diameter per Inch Area A, Area A, per Inch Area A, Area A,
Designation in N in? in? N in? in?
0 0.0600 80 0.001 8O 0.001 51
1 0.0730 64 0.002 63 0.002 18 72 0.002 78 0.002 37
2 0.0860 56 0.003 70 0.003 10 64 0.003 94 0.003 39
3 0.0990 48 0.004 87 0.004 06 56 0.005 23 0.004 51
4 0.1120 40 0.006 04 0.004 96 48 0.006 61 0.005 66
5 0.1250 40 0.007 96 0.006 72 44 0.008 8O 0.007 16
6 0.1380 32 0.009 09 0.007 45 40 0.010 15 0.008 74
8 0.1640 32 0.014 0 0.011 96 36 0.014 74 0.012 85
10 0.1900 24 0.017 5 0.014 50 32 0.020 0 0.017 5
12 0.2160 24 0.024 2 0.020 6 28 0.025 8 0022 6
}1 0.2500 20 0.031 8 0.026 9 28 0.036 4 00326
% 0.3125 18 0.052 4 0.045 4 24 0.058 0 0.052 4
3 0.3750 16 0.077 5 0.067 8 24 0.087 8 0.080 9
% 0.4375 14 0.106 3 0.093 3 20 0.118 7 0.109 0
% 0.5000 13 0.141 9 0.1257 20 0.159 9 0.148 6
= 0.5625 12 0.182 0.162 18 0.203 _I 0.189
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|— J —=]
\\-Q_ —| | Approx. %uin or (0.4 mm

Figure 8-12

Hexagonal nuts: {a) end view,
general; (b) washer-faced regular
nut: (<) regular nut chamfered
on both sides; (d) jam nut with
washer face; (¢) jam nut
chamfered on both sides.

e

(a)

()

2’

= 1
:|’¢

Approx. EIE in
or 0.4 mm
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Figure 8-10

Typical cap-screw heads:

(a) fillister head; (b) flat head;
(¢) hexagonal socket head. Cap
screws are also manufactured
with hexagonal heads similar to

“— A — ‘4—,4—3-—‘ e

the one shown in Figure 8-9, as

|
80 to 82° ) | well as a variety of other head
H i ;
v]r vlv\( 7 \l' i styles. This illustration uses one
H—ﬁﬁ =7 o LU / | 3 of the conventional methods of
] i i i representing threads.
L. } .
“h e
e e == SQCKQ-( LMJ
5 == L == == v .—-\/
= == L, == ( ’\)
T EE T E= == —
== — == — w |
== == == O-) v
L —— ¥ ¥ — ¥ D — 1
— I
() (b)
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{a) Round head (b} Flat head
I (L

%%j {-Hmlm ~:
__JH|.._;_—~ ) i E’!#_H L

R0 1o 82°
|
=
=
=
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-
fan
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i) Fillister head () Orvzl head
T L T
& &5 %Lﬂmnm}
(e) Truss head (f) Binding head

() Hex head (irfimmed) (4} Hex head (upset)
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Types Of Screw Drives

O O (+i(x

Square ex Pentagon Slotted  Phillips Torx

D A® K e

Se';:‘urlty Tri-wing Spline  Spanner Pozidriv Hex Socketf
orx

DN+ 1+

Square Clutch Mortorq Frearson Supadriv Polydrive
ecess

R e

Double Bristol Torq-Set One-way Pentalobe

square : l @

TTAP Triangle/TA
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Hex Heavy Hex Nylon Insert Lock Jam
A six sided nut, Also referredto A heavier pattern version of a A nut with a nylon insert to A hex nut with a reduced
as a Finished Hex Nut. standard hex nut. prevent backing off. Also height.
referred to as a Nylock.
Nylon Insert Jam Lock Wing
A nyleck nut with a reduced A nut with wung:f. for hand A nut with a-dnmed top over ACOM NULS aré a rugh Erown
height. tightening. the end of the fastener. type of cap nut, used for
appearance.
Flange Square Prevailing Torque Lock
A nut with a hu'llt in washer A nut des-gned to be driven A four sided nut. A non-reversible lock nut used
like flange. into wood to create a threaded for high temperature applica-
hale, tians.

K-Lock or Kep Coupling Slotted Castle
A nut with an attached Coupling nuts are long nuts Shatted nuts are used in Castle nuts are used in
free-spinning external tooth used to connect pieces of conjunction with acotter pin - conjunction with a cotter pin
lock washer, threaded rod or other male an drilled shank fasteners to on drilled shank fasteners to

fasteners. prevent loosening. prevent loosening.
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flat washer C washer finish washer square washer  Split Lock Washer
Retaining Push Nuts Internal Tooth Lock Finger Spring Washer External Tooth Ke b

Washer i Lock Washer yed washers

> O O o

belleville washer  crescent spring washer dome washers wave spring washer  finger spring washer

o d es

torque washers spherical washer shoulder washers fender washers top hat washers
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Figure 8-6
Force diagrams: (a) lifting the load; (b) lowering the load.
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SF,=Py—Nsini—fNcosi=0 =) /N =
(Q) XFy=—F—fNsini+Ncosi=0
, for lowering the load, we have
YF,=—P, — Nsini+fNcosi=0 ) _> lD
(b) LFy=—F+fNsini+ Ncosi=0 T 2 L
2

\ Fl(l/zd,) + f] Fd, (l+ nfd,
_F(sinﬁl + fcos A) C‘::Q-\ P, = / ] 5 Ir= 7 (:rdm—f.’

w 1 1 - {f!!"ﬁdﬁe}
165!

Cos A — fsin 4

: — F dm '?I.Jf d‘m - !
F(fcos 4 — sin 4) p, - FUf = (xdn)] =7, = 2 (ﬁd - ﬂ)
— 77 . . h |
cos A + fsin A 1+ (flfzdy)
/

Tﬂ - Y"& A‘?L' /LU/{’M,’ (j‘/_ /:w WPy
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Table 8-5 Coefficients of Friction f for Threaded Paip

Nut Material L
1 Screw Material Steel Bronze Cast Iron — (j 2
Steel, dry 0.150.25 | 0.150.23 | 0.150.19 | 0.15-0.25
Steel, machine oil | 0.11-0.17 | 0.10-0.16 | 0.100.15 | 0.11-0.17
Bronze 0.08-0.12 | 0.040.06 — 0.06-0.09

6/015 — B — o 5*“1[“(/“’

au’

Table 8—6 Thrust-Collar Friction Coefficients ( 'E )

s

Combination Running | Starting -
Soft steel on cast iron 0.12 0.17

Hard steel on cast iron 0.09 0.15

Soft steel on bronze 0.08 0.10

Hard steel on bronze 0.06 008

-

St
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JTSZ: P=mm, 0=~ -

EXAMPLE 8—1

A square-thread power screw has a major diameter of 32 mm and a pitch of 4 mm with double threads, and it

is to be used in an application similar to that in Figure 8—4. The given data include f = f. = 0.08, d. = 40 mm,

and FF = 6.4 kN per screw.

(a) Find the thread depth, thread width, pitch diameter, minor diameter, and lead.

(b) Find the torque required to raise and lower the load.

(¢) Find the efficiency during lifting the load.

(d) Find the body stresses, torsional and compressive.

(e) Find the bearing stress on the first thread.

(f) Find the thread bending stress at the root of the first thread.

(¢) Determine the von Mises stress at the critical stress element where the root of the first thread interfaces
with the screw body.

Solution
(a) From Figure 8-3a the thread depth and width are the same and equal to half the pitch, or 2 mm. Also

dp=d—p/2=32-4/2=730mm

Answer d=d—-p=32—-4=728 mm
[=np=2(4) = 8mm
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(b) Using Equations (8—1) and (8-6), the torque required to turn the screw against the load is

_ Fd, (£+nf.:fm) Ff.d,
2 \xd,-fl T

_ 6.4(30) [8 + 7(0.08)(30)]  6.4(0.08)40
2 |2(30) — 0.08(8) - 2

Answer = 1594 + 1024 =26.18 N - m

Using Equations (8-2) and (8-6), we find the load-lowering torque is

Fd, (ﬂfd,,, = s) Ff.d,
I = +
2 \zd, + fl 2
_ 6.4(30) [ 7(0.08)30 — 8 N 6.4(0.08)(40)
2 | z(30) 4+ 0.08(8) 2
Answer —0.466 ¥ 1024 =977 N-m

The minus sign in the first term indicates that the screw alone is not self-locking and would rotate under the
action of the load except for the fact that the collar friction is present and must be overcome, too. Thus the

torque required to rotate the screw “with” the load is less than is necessary to overcome collar friction alone.
(¢) The overall efficiency in raising the load is

FI  64(8)

Answe -
e ¢ = T, ~ 27(26.18)

= 0.311

s
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(d) The body shear stress 7 due to torsional moment T} at the outside of the screw body is

16T  16(26.18)(10%)
Answer t'bZ - = d? = 228Y) = 6.07 MPa

The axial nominal normal stress & is

AF 4(6.4)10°
Answer ()"J - 6=—— = o DT

- — = —10.39 MPa
ad;, w(287)

(e) The bearing stress op is, with one thread carrying 0.38F,

_2(0.38F) _ _2(0.38)(6.4)103

Answer op = = = —12.9 MPa
ad, (1)p 7(30)(1)(4)
(f) The thread-root bending stress &, with one thread carrying 0.38F is
6(0.38F)  6(0.38)(6.4)10°
Answer o] = = = = 41.5 MP
K =T ap 7(28)(1)4 .

(g) The tangential shear stress given by Equation (8—12) with one thread carrying 0.38 T,

4(0.387)  4(0.38)26.18(10°)
ad()p 7(28%)4

= —4.04 MPa

Ty =

s
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The 3-D stresses for Figure 88 are

o, = 41.5 MPa T, =0
6, = —10.39 MPa T, = 6.07 MPa
o, =0 7, = —4.04 MPa

For the von Mises stress, Equation (5—14) can be written as

1 .
Answer o =—={[41.5 - (—10.39)12 + (—10.39 — 0)? + (0 — 41.5)% + 6(6.07)% + 6(—4.04)?} '

= 49.2 MPa
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Table 8-4 Screw Bearing Pressure p,
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Screw Material Nut Material Safe p,, MPa MNotes
Steel Bronze 17.2-24.1 Low speed
Steel Bronze 11.0-17.2 <50 mm/s
Cast iron 6.9-17.2 <40 mm/s
Steel Bronze 5.5-9.7 100-200 mm/s
Cast iron 4.1-69 100-200 mm/s
Steel Bronze 1.0-1.7 >250 mm/s

Source: Data from H. A. Rothbart and T. H. Brown, Ir.. Mechanical Design Handbook,
2nd ed., McGraw-Hill, New York, 2006.

/
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1 ] 1 ky ks
—=—4— or k=
k ki k ki +ky

for two springs in series. From Equation (4—4), the spring rates of the
unthreaded portions of the bolt in the clamped zone are, respectively.
_AE _AGE

k, = k,=
i lf; d l’;j

where A, = tensile-stress area (Tables 8—1, 8-2)
[, = length of threaded portion of grip
Ay = major-diameter area of fastener

l; = length of unthreaded portion in grip

Substituting these stiffnesses in Equation (8-15) gives

_ AAE
Ayl + Ay

‘b

2
:D_C—)'_— /M%-——aol.':?

L( MIO I o('r:lh

s
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Given fastener diameter d and pitch p in mm or number of threads per inch

Washer thickness: ¢ from Table A—32 or A-33
Nut thickness [Figure (a) only]: H from Table A-31

Grip length:
For Figure (a): I = thickness of all material squeezed between
face of bolt and face of nut

h+1:/2, h < d
h‘l‘ﬂ‘fg._ Ij:_}d

C Fastener length (round up using Table A—17%):
.l‘
Q

. ~
For Figure (a): L>1+H d‘/’\y o}/\’/LU/)r—:!—é:J).{?

For Figure (b): L>h+1.5d |
. . ey ps 7
O A
ol —

For Figure (b): I = {
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Threaded length L
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Inch series:
Lq_{l-:f—i—glin. L<6in
~ l2d+3in, L > 6in

Metric series:

2d + 6 mm, L <125 mm. d < 48 mm
Ly=+4 2d + 12 mm, 125 < L < 200 mm

2d + 25 mm, L > 200 mm

Length of unthreaded portion in grip: [, =L — Ly

Length of threaded portion in grip: L=1-1;
Area of unthreaded portion: Ay = ad?/4

Area of threaded portion:

Fastener stiffness:

A, from Table 8-1 or 8-2
AJAE
k.b =
Agly + Al

_-,\'/aé'!
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P dx
dé =
EA

The area of the element is

) d\’
A=un(r, - ’(ttanu+ ) — (E) ‘
- (ttan LD ) (ttan + 2 d)
= ] r X
2 2

Substituting this in Equation (@) and integrating gives a total contraction of
P r dx
E),[xtana + (D + d)/2][xtan a + (D — d) /2]

o=

s
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Using a table of integrals, we find the result to be

P (2rtana + D — d)(D + d)

5= ]
sEdtana | (2tana + D + d)(D — d)

Thus the spring rate or stiffness of this frustum is

k=

E_ nEd tan
5 _1 (2ttana + D — d)(D + d)
Y2rtana + D+ d)(D — d)

With & = 30°, this becomes

L 0.5774xEd
“—7 (1155t + D - d)(D + d)

D

/

e A

0
) I s + D+ (D —a)
#a”\\\ t | | =

r

!7
d

s
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frusta back to back, then ti]E}' act as two identical s_prings in series. From Equation

(8—18) we learn that k,, = k/2. Using the grip as [ = 2t and d,, as the diameter of the
washer face, from Equation (8-19) we find the spring rate of the members to be

L= nEd tan a 5 o

"= (ana+d, - d)d, + d) =<

21
“(ltana + d, + d)(d, — d)

The diameter of the washer face is about 50 percent greater than the fastener diameter

for standard hexagon-head bolts and cap screws. Thus we can simplify Equation (8-21)

by letting d,, = 1.5d. If we also use a = 30°, then Equation (8-21) can be written as
0.5774xEd

o = 0.57741 + 0.5d (8-22)
2 1n (5 : et )

0.57741 + 2.5d
D = v\w = \e5
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Table 8—8 Stiffness Parameters of Various Member Materials'

Steel 0.291 207 30.0 0.787 15 0.628 73
Aluminum 0.334 71 10.3 0.796 70 0.638 16
Copper 0.326 119 17.3 0.795 68 0.635 53
Gray cast iron 0.211 \ 100 J 14.5 0.778 71 0.616 16
General expression 0.789 52 0.629 14

oot
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I EXAMPLE 8-2

As shown in Figure 8-17a, two plates are clamped by washer-faced M12 x 1.25 x 38.1 mm SAE grade 5 bolts

each with a standard 12 N steel plain washer.

(a) Determine the member spring rate k,, if the top plate is steel and the bottom plate is gray cast iron.

(b) Using the method of conical frusta, determine the member spring rate k,, if both plates are steel.

(¢) Using Equation (8-23), determine the member spring rate k,, if both plates are steel. Compare the results
with part (b).

(d) Determine the bolt spring rate k.

[e———— 36,5010 —————=

]

1.9685

s
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3% oy
- 365010 ——— CJW .:l 50{ éﬁ \%
.ﬂjﬂ—r‘l %‘___2’—-"‘?\
®l ) — : A I\. @
:l.%ﬂi d :\ Z
@ L = \-O\Q 1 L\
0 =thd+2E, Ty

/A
; .
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«——— 36.5010 ——— 7

Lul 9 = V\/-\-"&\-!—’sz,
=707

Ve \Q/‘*V‘

Q/ 17.0815

0 T l?.(l]ﬁ
1) T

[ 387740 ———>
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Solution

From Table A—32, the thickness of a standard 12 N plain washer is 2.8 mm.

(a) As shown in Figure 8—17b, the frusta extend halfway into the joint the distance
Q 1 ":I % 2 w

The distance between the joint line and the dotted frusta line is 16.925 — 12.00 — 2.8 = 2.125 mm. Thus, the
top frusta consist of the steel washer, steel plate, and 2.125 mm of the cast iron. Since the washer and top
plate are both steel with E = 207(10°) Pa, they can be considered a single frustum of 14.8 mm thick. The
outer diameter of the frustum of the steel member at the joint interface is 19.05 + 2(14.8) tan 30° = 36.1396 mm.
The outer diameter at the midpoint of the entire joint is 19.05 + 2(16.925) tan 30° = 38.5933 mm. Using

Equation (8-20), the spring rate of the steel is
0.57747(207) x (10°)12 -
k= = 5.69 x 10" N/mm
{[1.155{14.800) + 19.050 — 12](19.05 + 12)
. [1.155(14.800) + 19.050 + 12](19.05 — 12)

- 11

D:\FJO\‘) & = é

3

0.5774nEd -
aﬂ X\LX\b ::N&\

ln(l.155r+D—d)(D+d) ! w \ 0
(1.155t + D + d)(D — d)

k =
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From Tables 8-8 or A-5, for gray cast iron, £ = 100 GPa. Thus for the upper cast-iron frustum

L = 0.57747(100)(107)(12)
° l {[1.155(2.125{}) + 36.1396 — 12.000](36.1396 + 12)}
n
[1.155(2.1250) + 36.1396 + 12.000](36.1396 — 12)

= 4.62 x 10’ N/mm

For the lower cast-iron frustum

o 0.57747(100)(10°)(12)
T | {[1.155(15.925{}) + 19.050 — 12](19.05 + 12)}
n
[1.155(16.9250) + 19.050 + 12](19.05 — 12)

= 2.59 x 10° N/mm

The three frusta are in series, so from Equation (8—18)

1 1 1
6 T 7+ 6
5.69 x 10 462 x 10 2.59 % 10

1
K
Answer

This results in k,, = 1.71 x 10° N/mm.
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(b) If the entire joint is steel, Equation (8-22) with / = 2(16.925) = 33.85 mm gives

0.5?74::{2{}?)(103)(12} &
Answer k, = = 2.38 x 10" N/mm.
{ [0.5774(33.85) + 0.5(12) }
n

0.5774(33.85) + 2.5(12)
(c¢) From Table 8-8, A = 0.787 15, B = 0.628 73. Equation (8-23) gives

Answer k,, = 207(10%)(12)(0.787 15) exp[0.628 73(12)/33.8500] = 2.44 x 10° N/mm

For this case, the difference between the results for Equations (8-22) and (8-23) is less than 2 percent.
(d) Following the procedure of Table 87, the threaded length of a 12-mm bolt is Ly = 2(12) + 6 = 30 mm.
The length of the unthreaded portion is [; = 38.1 — 30.0 = 8.1 mm. The length of the unthreaded portion in
erip is [, = 33.85 — 8.1 = 25.75 mm. The major diameter area is Ay = (5;4)(122) = 113.10 mm®. From
Table 8—1, the tensile-stress area is A, = 92.1 mm?. From Equation (8-17)

113.1(92.1)207(10°%)

Answer k, = = 5.89 x 10° N/mm
113.1(25.75) + 92.1(8.1)

36.5010

- R k 0.5774nEd
" 0.57741 + 0.5
21n (5 i d)

0.57741 + 2.5d

Q +1.9685

17.0815

— L 0-1x\.09

38.7740




g5 ol 5 W15 g YL g gy b < 132 o> @

/d
bolt S\Lreovh\l o [ oz
oY S

= -
Fr”)g S‘-/efjh-(”‘,(') TSey

~oo - L o-Q S
S‘p ~ 35 - )
et M-Il Jyr

Grade -6 o b
Sy = axles, 87:0'19 xS, ¢

Strain \\¢ S‘\l.zt—toam"z’) ngﬂ'é)('-l‘?d’
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Table 8-9 SAE Specifications for Steel Bolts
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1 1 33 &0 36 Low or medium carbon O
2 T 55 74 57 Low or medium carbon

-1} 33 &0 36
4 1l 63 115 100 Medium carbon, cold-drawn O
5 | 85 120 92 Medium carbon, Q&T

=13 74 105 81
5.2 .| 85 120 92 Low-carbon martensite, Q&T @
7 1 105 133 115 Medium-carbon alloy, Q&T @
8 L 120 150 130 Medium-carbon alloy, Q&T @
8.2 1 120 150 130 Low-carbon martensite, Q&T @

oot
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Table 8-10 ASTM Specifications for Steel Bolts
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A307 13 33 60 36 Low carbon

A325, 1 85 120 92 Medium carbon, Q&T
1

type = 74 105 81

A325, -1 85 120 92 Low-carbon, martensite,
2 &T

type 1L 74 105 81 Q

A325, | 85 120 92 Weathering steel,
3 &T

type 11l 74 105 81 Q

A354, L2 105 125 109 Alloy steel, Q&T

rade BC
£ 24 95 115 99

oot
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A354, 14 120 150 130 Alloy steel, Q&T
grade BD
A449 }r—l 85 120 92 Medium-carbon, Q&T

111 74 105 81

13-3 55 90 58
A490, 13 120 150 130 Alloy steel, Q&T
type 1
A490, 113 120 150 130 Weathering steel,
type 3 Q&T
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duf

dy

Table 8-11 Metric Mechanical—fmperty Classes for Steel Bolts, Screws, and Studs

4.6 M5-M36 225 400 240 Low or medium carbon
4.8 Ml.6-M16 310 420 340 Low or medium carbon
5.8 M5-M24 380 520 420 Low or medium carbon
5.8 MI16-M36 600 230 660 Medium carbon, Q&T
0.8 MI1.6-MI16 650 900 T20 Medium carbon, Q&T
10.9 M5-M36 830 1040 940 Low-carbon martensite,
Q&T
12.9 M1.6-M36 970 1220 1100 Al]uy, Q&T

oot
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F; = preload /bu"”

P\ow = Total external tensile load applied to the joint
P = external tensile load per bolt
P, = portion of P taken by bolt

P, = portion of P taken by members
F, = P, + F; = resultant bolt load
F,, = P, — F; = resultant load on members
C = fraction of external load P carried by bolt P _
1 — C = fraction of external load P carried by members i /\/
N = Number of bolts in the joint

fb:C? ) ‘QM-" (\-c ! v
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kyP
= CP

P, = —
! -']‘Il'.’:-"i"km

P,=P—P,= (1 — C)P

ness constant of the joinf. The resultant bolt load is
Fb:Pb“i"Fi:CP"‘FI' Fm{{]
load on the connected members 1s

F,=P,—F=(1-C)P-F; F, <0

, 1// - ? °
PRI I"?ﬁﬁy" et (/‘;y’h/ E‘? .

V
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C“(/»**’JWJC“’U )

bo |+ -Lo/‘(\__%
T=kF. A
_ -
J;/JG:)‘AMJ/LT

Table 8-15 Torque Factors K for Use
with Equation (8-27)

Bolt Condition K

Nonplated, black finish 0.30
Zinc-plated 0.20
Lubricated 0.18
Cadmium-plated 0.16
With Bowman Anti-Seize 0.12
With Bowman-Grip nuts 0.09
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Ex. &3

A M20 x 1.5 x 63.5 mm SAE grade 5 bolt is subjected to a load P of 26.69 kN in a tension joint. The initial
bolt tension is F; = 111.205 kN. The bolt and joint stiffnesses are k;, = 1.14 and k,, = 2.42 MN/mm, respectively.
(a) Determine the preload and service load stresses in the bolt. Compare these to the SAE minimum proof
strength of the bolt.

(b) Specify the torque necessary to develop the preload. using Equation (8-27).

(c¢) Specity the torque necessary to develop the preload, using Equation (8-26) with f = f. = 0.15. 2

Solution .;/.,‘)(./ﬂ

From Table 81, A, = 240.645 mm~.
(a) The preload stress is

. Fi_111205
nswer f—_— = = .
‘ %= A = 240645 a

I

Pre\gad. Stiens O, = E‘—- = “f7 e O

Service \ouk‘v‘cw 5, . 3;b - v

b —

L= Coacpe, c= ke o v
Kyt Ko
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Solution
From Table 81, A, = 240.645 mm’.
(a) The preload stress is

T F;, 111.205 43 11 MP
1ISWel e — a
| % =4, T 240645 -
The stiffness constant is
k;, 1.14
C — — = {]321
kp +k, 1.14 4242
From Equation (8-24), the stress under the service load is
F, CP+F, P
ﬁb —_— T = == T— + Hi

Answer
_ 0.321 x 26.69 (1000)

240.65

+ 462.11 = 497.66 MPa

From Table 8-9, the SAE minimum proof strength of the bolt is S, = 586.075 MPa. The preload and service
load stresses are respectively 21 and 15 percent less than the proof strength.

A5
\.\4% AR o, < Sy Ha7F L B3 v
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T=KF,d= 0.2(111.205)(107)(20) = 444820 N » mm
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? /LC/‘_T', (j’{_w (5’/(3’25 Yy

s

[
<
{U,TﬁF b for nonpermanent connections, reused fasteners —p (jJ ,:S
0.90F, for permanent connections —_— *\>
where F, is the proot load, obtained from the equation l

- , — ’J
] M///,f-//’d.
b Vs
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]- EXAMPLE 8-4

Figure 8-21 is a cross section of a grade 25 cast-iron pressure vessel. A total of N bolts are to be used to
resist a separating force of 160 kN.

(a) Determine k. &,,. and C.

(b) Find the number of bolts required for a load factor of 2 where the bolts may be reused when the joint is
taken apart.

(c) With the number of bolts obtained in part (b). determine the realized load factor for overload, the yielding
factor of safety, and the load factor for joint separation.

M16 x 2 x 57.15 mm grade 5
finished hex head bolt

. \f T
Wi ,ZL " . ok

s 1 \ ; IEnm.mJIL

NV
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Table A-29 Dimensions of Square and Hexagonal Bolts

| H |

W15y Y Uai g gyipiid b« 12 o)

Regular Hexagonal

Head Type

Heavy Hexagonal

Structural Hexagonal

M5 8 3.58 8 3.58 0.2

M6 10 4.38 0.3

M3 13 5.68 0.4

M10 16 6.85 0.4

M12 18 7.95 0.6 21 7.95 0.6

M14 21 9.25 0.6 24 9.25 0.6

M16 24 10.75 0.6 27 10.75 0.6 27 10.75 0.6
M20 30 13.40 0.8 34 13.40 0.8 34 13.40 0.8
M24 36 15.90 0.8 41 15.90 0.8 41 15.90 1.0
M30 46 19.75 1.0 50 19.75 1.0 50 19.75 1.2
M36 55 23.55 1.0 60 23.55 1.0 60 23.55 1.5

oot
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Table A-31 Dimensions of Hexagonal Nuts

M5 8 4.7 5.1 2.7
M6 10 5.2 5.7 3.2
MS8 13 6.8 1.5 4.0
M10 16 8.4 9.3 5.0
Mi12 18 10.8 120 6.0
Ml14 21 12.8 14.1 7.0
M16 24 14.8 16.4 8.0
M20 30 18.0 20.3 10.0
M24 36 21.5 23.9 12.0
M30 46 25.6 28.6 15.0
M36 55 31.0 347 18.0

Figure 8-12

Hexagonal nuts: {a) end view,
general; (B) washer-faced megular
nut; () repular nut chamfered
on both sides; () jam nut with
washer face; (¢) jam nut
chamfered on both sides.

Approx. grin [+ H |

or .4 mm

5

A.ppmx.ﬁiu _hl Hl-‘_

or 0.4 mm

a
P’

=

2.

(e}

oot
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Table A-32 Dimensions of Metric Plain Washers (All Dimensions in Millimeters)
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Washer Minimum Maximum Maximum Washer Minimum Maximum Maximum
Size® D oD Thickness Slze* D oD Thickness
16N 1.95 4.00 0.70 10N 10.85 20,00 2.30
16 R 1.95 5.00 0.70 10 R 10.85 2800 2.80
16 W 1.95 6.00 0.90 10 W 10.85 39.00 3.50
2N 2.50 500 0.90 12N 13.30 25.40 2.80
2R 2.50 6.00 0.90 1ZR 13.30 34.00 3.50
W 2.50 .00 0.90 12 W 13.30 44.00 3.50
25N 3.00 6.00 0.90 14 N 15.25 28.00 2.80
25R 3.00 .00 0.90 14 R 15.25 39.00 3.50
25 W 3.00 10,00 1.20 14 W 15.25 50.00 4.00
IN 3.50 T.00 0.90 16 N 17.25 32.00 3.50
IR 3.50 10.00 1.20 6 R 17.25 44.00 4.00
IW 3.50 1200 1.40 16 W 17.25 56.00 4.60
IS N 4.00 Q.00 1.20 20N 21.80 39.00 4.00
ISR 4,00 10.00 1.40 2R 21.80 50.00 4.60
ISW 4,00 1500 1.75 20W 21.80 66.00 5.10
4N 4.70 10.00 1.20 4N 25.60 44.00 4.60
4R 4.70 12.00 1.40 MR 25.60 56.00 5.10
4w 4.70 16.00 2.30 24 W 25.60 7200 5.60
SN 5.50 11.00 1.40 0N 32.40 56,00 5.10
SR 5.50 15.00 1.75 R 32.40 7200 5.60
5SW 5.50 20000 2.30 30w 32.40 Q0,00 6.40
6N 6.65 13.00 1.75 e N 38.30 66.00 5.60
6R 6.65 18.80 1.75 s R 38.30 Q000 640
6w 6.65 2540 2.30 6 W 38.30 110,00 8.50
AN 8.90 18.80 2.30
AR 8.90 25.40 2.30
W 8.90 3200 2.80

N = narmmow: R = regular; W = wide.

(/a;’l!
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Solution
(a) The grip is [ = 38.1 mm. From Table A-31. the nut thickness is 14.8 mm. Adding two threads beyond
the nut of 4.62 mm gives a bolt length of

L =148 + 38.1 + 4.62 = 57.52 mm

From Table A—17 the next fraction size bolt is L = 60 mm. From Equation (8—13), the thread length is Ly =
2(16) + 6 = 38 mm. Thus, the length of the unthreaded portion in the grip is I; = 60 — 38 = 22 mm. The
threaded length in the grip is [, = [ — I; = 16 mm. From Table 8-2, A, = 157 mm". The major-diameter area
is A; = 7(16)>/4 = 201.07 mm>. The bolt stiffness is then

- AJAE  201.07(157)(207)(107%)
T AL+ AL 201.07(16) + 157(22)

Answer
= 0.976 MN/mm

From Table A—24, for no. 25 cast iron we will use E = 96.46 GPa. The stiffness of the members, from
Equation (8-22), is



(95 ol S0 @1 e YL g g ipid Jad N3] ol b

0.5774nEd 0.57747(96.46)(16)(1077)

Answer k, = =
( 0.5?74£+{}.5d) . [ 0.5774(38) + 0.5(16)
n n

5 5
0.57741 + 2.5d 0.5774(38) + 2.5(16)

= 1.5862 MN/mm

If you are using Eq. (8-23), from Table 88, A = 0.778 71 and B = 0.616 16, and

kn, = EdA exp(Bd/l)
= 96.46(16)(0.778 71) exp[0.616 16(16) /38]
= 1.5578 MN/mm

which is only 1.79 percent lower than the previous result.
From the first calculation for k,,. the stiffness constant C is

’nT /YN
1

-: A
CT. N1/ .Iw

’L'Z\-\c\é ="3% , ?)g/,zs‘(\

s
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o ky 0.98
" ky+k, 0.98 + 1.5862

Answer = (0.3818

(b) From Table 8-9, S, = 600 MPa. Then, using Equations (8-31) and (8-32), we find the recommended
preload to be

— — =3y
F; = 0.75A,S, = 0.75(157)(600)(107%) = 70.65 kN

For N bolts, Equation (8-29) can be written

S,A— F,

Hf =
LT C(Pow/N)

0.3818(2)(160)
600(157)(107%) — 70.65

5.18

s
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Answer
Six bolts should be used to provide the specified load factor. AJ = é
(¢) With six bolts, the load factor actually realized is

600(157)(10™") — 70.65
Answer n = =3l
0.3818(160/6)

From Equation (8-28), the yielding factor of safety is

SpA, 600(157)(1077)
n. = — —
P C(Pow/N) + F; 0.3818(160/6) + 70.65

Answer

From Equation (8-30), the load factor guarding against joint separation is

B F, B 70.65 B
"~ (Pow/N)(1 = C)  (160/6)(1 — 0.3818)

Answel Ny

1.17

4.29

s
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A\,\_i,\_/_ Figure 8-25
Modes of failure in shear

———————— loading of a bolted or riveted
connection: (a) shear loading;

-
( ) C_n :O::(): (b) bending of rivet; (¢) shear
] of rivet: (d) tensile failure of

members; (¢) bearing of rivet on

members or bearing of members

on rivet; ( f) shear tear-out;

(g) tensile tear-out.
(a) (b) (c) (d)

() (f) (g)
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Two 254 by 101.6 mm 1018 cold-rolled steel bars are butt-spliced with two 12.7 by 101.6 mm 1018 cold-
rolled splice plates using four M20 x 1.5 mm grade 5 bolts as depicted in Figure 8-26. For a design factor of

n; = 1.5 estimate the static load F that

Solution

can be carried if the bolts lose preload.

From Table A-20. minimum strengths of §, = 370 MPa and S, = 440 MPa are found for the members, and from
Table 8-11 minimum strengths of §, = 600 MPa, §, = 660 MPa, and S, = 830 MPa for the bolts are found.

38.1 mm) 38.1 mm 38.] mm|38.1 mm
|H-:—:-H-c—:-

F —t— 0, | 600 mm

|
! i
|
P17
38.1 mm :
: a1
a i +

M20 % 1.5 SAE grade 5
12.7 mm _ s
|
F -_{ ::25 4 mm - —i- F
L |
T )
12.7 mm L= E:n:!

Figure 8-26
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F/2 is transmitted by each of the splice plates, but since the areas of the splice plates are half those of the
center bars, the stresses associated with the plates are the same. So for stresses associated with the plates, the

force and areas used will be those of the center plates.

Bearing in bolts, all bolts loaded:

_F_5
2td ny
2td S,  2(25.4)(20)(660
28, 2054)20660)
(] 1.5
Bearing in members, all bolts active:
CF ()
°T2d”
2d(S)mem  2(25.4)(20)(370
F= n“ = ( )f - )(370) = 250.61 kN
d .

r17,

frq
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Shear of bolt, all bolts active: If the bolt threads do not extend into the shear planes for four shanks:

F S,
r=——=0577T—=
dnd” /4 Ny

q.Sv ‘1‘66{]
F=05Tnd—= ﬂ.ﬁ??n(?ﬂ)‘—s = 319kN

n, ]

If the bolt threads extend into a shear plane:

F Sy
=—=0.577T—
T aa, ny

- 0.577(4)A, S, _ 0.577(4)259(660)

= 263 kN
Ry 1.5

Edge shearing of member at two margin bolts: From Figure 8-27,

F  0.577(5)mem
dat ny

T -

P 4at0.577(S,) mem _ 4(28.575)(25.4)0.577(370)
- (] B 15

gl D—1

=413 kN

r ::'250

MM'K'J

g
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N .
~

_ A+ Ao + Aaxs + Agxg + Asxs ZT Agx;
X )

A+ A+ A3+ AL+ As TAE

.‘-‘l|_‘r’] + :’-‘lz_‘.’z + Ag_‘.’3 + A4_‘.-‘4 + :‘-‘ls_‘.’s . Z'f Ai_‘r’f
A+ Ay + A3 + Ay + As - DA

y

In many instances the centroid can be located by symmetry.

_-,\'/aé'!
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[ EXAMPLE 8-7

Shown in Figure 8-30 is a 15- by 200-mm rectangular steel bar cantilevered to a 250-mm steel channel using
four tightly fitted bolts located at A, B, C, and D. Assume the bolt threads do not extend into the joint.

For the F = 16 kN load shown find

(a) The resultant load on each bolt

(#) The maximum shear stress in each bolt
(¢) The maximum bearing stress

(d) The critical bending stress in the bar

n
b
=S
k|

15

#-F |
i

) ¢t

Mg 2

iy

3 -3
- F Q2 Vbt K428 d

36‘560/\/'\!"\ D-'-{;

L/
T
L/

P
Ll
T
L/

|
[ )
M
|
=]
=

Ji
=
=

¥

75 —=>==<75—> 50 ‘
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y shear forces are equal, and Equation (8- ¥ :
Mr M 6800 1 Z
e — = — = — . -L .
F =~ 4(96.0) 17T kN = o L Ix T 4 LXARVFFE (03 ’é’
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