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Screws, Fasteners, and the
!'_ Design of Non-Permanent Joints
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i Thread Standards and Definitions

The terminology of screw threads

v Pitch ( P): the distance between

adjacent threads measured parallel

Major diameter

Mean diameter
. ~ Minor diameter d_, -
to thread axis. _._‘ r_ Pitch p AT
v Major diameter ( D): the largest [

diameter of the screw thread.
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v Minor diameter ( D ): also called " YX=SpV NP

“root diameter”, is the smallest

Root |
. Thread angle 2o
diameter of the screw thread.

v Mean diameter ( D,): also called "pitch diameter’, the average L - z x P
diameter of the screw thread (considering the theoretical full height
of the threads).

Crest

1 7 =
] g
viead (l): the distance a nut moves parallel to the screw axis when gmj@, d“’"!’k v ?LQ
it rotates one full turn.
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Thread Standards and Definitions

The terminology of screw threads

+

v A multiple-threaded product is one having two or
more threads cut beside each other

v In a double-threaded, lead = twice pitch

v In a triple-threaded screw, lead = 3 times the pitch

v All threads are usually right-handed unless otherwise
Is indicated

v If the bolt is turned cw, the bolt advances toward the
nut.
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i Standardization

Bolts are standardized and there are two standards: Mefric

(ISO) and American (Unified). In both standards the th.. ad
angle is 60. |

Metric (IS0): 1SO refers to the International Organization for

Standardization, a worldwide federation of national standards
bodies

» There are two standard profiles M and MJ_where both have a similar

geometry but the MJ has a rounded fillet atf the root and a larger minor
diameter and therefore it has a better fatlgue strength
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Standardization

Basic profile for metric M and MJ threads
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External threads

Profile

”

Metric bolts are specified by the
and the pitch (both in mm).

d,

=
=

major diameter

» Example: M10 X 1.5 (10 mm major diameter and 1.5 mm pitch).
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Standardization

Basic profile for metric M and MJ threads
Iable 8-1 gives the standard sizes of Metric bolts along with the

effective tensile stress area and the root diameter area (which is used
when the bolt is subjected to shear loading).

Table 8-1 Nominol Coarse-Pitch Series Fine-Pitch Series
Diomelers and Areas of Maijor Tensile- Minor- Tensile- Minor-
Diameter Pitch Stress Diameter Pirch Stress Diameter

CoarsePitch and Fine

P Area A: Area A, P Area A Area A,

Piach Metric Threads *
Pitch Metric Threads mm mm mm? mm? mm mm? mm?

% Note that there is Coarse-pitchand °° ©°¢ 6.78 o

Fine-pitch (more threads) wherethe . .. .. ...
fine-pitch has better tensile strength ° 3 20. 17.9

8 25 6.6 32.8 | 39.2 36.0
10 80 2.3 1.25 56.3
12 ! 84.3 6.3 1.28 92.] 86.0
14 115 o4 1.5 235 116
16 2 157 44 1.5 &7 157
20 5 245 25 1.5 272 5%
24 3 35 324 2 384 365
30 3.5 56 519 621 596
30 8 59 2 71 884
472 5 11 1050 Z 1260 123

A v 17 -
ie o/ .
A L e )
48 5 1470 1380 2 1670 1630
56 5.5 2030 1210 2 2300 2250 G B

<
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Standardization

Coarse-pitch vs Fine-pitch

Fine Thread

Since they have larger stress
areas the bolts are stronger
1 tension

Their larger minor
diameters develop higher
torsional and transverse
shear strengths

Thev can tap better i thun-
walled members

With their smaller helix
angle, they permut closer
adjustment accuracy

Coarse Thread

Stripping strengths are greater
for the same length of
engagement

Improved fatigue resistance
Less likely to cross thread

Quucker assembly and
disassembly

Tap bertter in brittle matenals

Largcr thread allowances
allow for thicker platings and
coatings
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* Standardization

American (Unified): American Standard for Unified
Screw Threads

“There are two standard profiles UN and UNR where
the UNR has a filleted root and thus better fatique

strength.

% Unified threads are specified by the major diameter
(in inch) and the number of threads per inch ( N).

r Example: 0.25 — 20 UNC

Coarse or F (Fine)

Threads Pr Inch

Diameter (N) Profile
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Standardization

% Table 8 7-72§ivesifhe standard sizes along with the tensile stress areas and root

diameter areas (used for shear loading) for Unified bolts (Coarse and Fine series).
» Note that for diameters smaller than 1/4 inch, the size is designated by size
numbers rather than diameter.

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Minor- Tensile- Minor-
Maior 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 80 0.001 51
! 0.0730 64 0.002 63 0002 18 72 0.00278 0.002 37
2 0.0860 56 0.003 70 Q.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
0.1120 40 0.006 04 0.004 96 A8 0.006 61 0.005 66
5 0.1250 40 0.007 96 0.006 72 44 0.008 80 0.007 16
e} 0.1380 32 0.009 09 0.007 4 40 0.010 15 0.008 74
8 0.1640 32 00140 0.011 96 36 0.014 74 001285
10 0. 1900 24 00175 0.014 50 32 0.0200 00175
12 0.2160 24 0024 2 0.0206 28 00258 00226
i 0.2500 20 00318 0.026 ¢ 28 0.036 4 0.0326
1:'3 0.3125 18 0.052 4 0.045 4 24 0.058 0 00524
i 0.3750 16 0.077 5 0.067 8 24 0.087 8 0.0809
& 0.4375 14 0.106 3 0.093 3 20 01187 01090
; 0.5000 13 0.141 9 0.1257 20 0.159 9 0.148 &
% 0.5625 12 0.182 0.162 '8 0.203 0.189
: 0.6250 1 0.226 0.202 18 0.256 0.240
2 0.7500 10 0.334 0.302 16 0.373 0.351
4 0.8750 0 0.462 0.419 14 0.509 0.480
| 1.0000 8 0.606 0.551 12 0.663 0.625 -
11 1.2500 7 0.969 0.850 12 1.073 1,024 { GFB‘%
14 1.5000 & 1.405 1.294 12 1.58) 1.521 ==
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* Standardization

Square and Acme Threads: used when threads are
intended to transmit power

-—— [ —— P
2 2
20°
f r_I_L F T e\
N 2 %7’*’_/ ./ v
4 T Fig. 8-3 d

Table 8-3 gives the standard diameters and associated pitch for Acme

thread power screws

f 3 1l 3 3 1 3 3 7 1 1 3 91

din|z % § 2 § 1 8 ! 13 13 Iz 2 23 3

ymldL L L L 1 1 1 1 1 1 11 11

P 16 14 12 10 ] 6O (i} 5 4 4 3 2 {?‘3

g TP %



i The Mechanics of Power Screws

 Power screw

=« Used to change angular
motion into linear motion

« Usually transmits power

« Examples include vises,
presses, jacks, lead screw
on lathe
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_F 4F
A wd’t

Tension or Compression

Te 16T
Shear due to the torque: T=—= 5
J Tdy
L Yy Maximum at the root ¢
Caing Streg s 0, - L
" \E
F 2F
!TB = — 3 —_— n.t__i _ ?._ o’ggxtgm ,)I:
Tdmn; p/2 Tdyn p
\QQ.MCLM‘Q St‘feg " Fp
L M=
::b = M = fp_ = = oF 71 _ (rdvnd) (p/2)° _ Z dong p?
Z ‘4‘ Hffr”flnj "Tr“,l"”.' 'I-','.' - s - 6 - 34 rliy [

Max at the top surface of the root

3V
24

F ~ 3F
wd.ngp/2 - wdyngp

T =

3
2

Max at the center of the root

& zero at the top surface J { %\}
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& Consider stress element at top of the root #plane#

The critical stress occurs at the top of the root and it's
found according to Von Misses knowing that:

el

o 6 Try = () -
.1| 1 rlr'mj — .

md.ngp
4F 16T -
7= Td? "y wd? L u
O; = Tzx = 0 -
Obtain von Mises stress from |

; 1 \ q f2
o' = —= [0 =0 + (0, =0 + (0: — 0> +6(c, + 7. +72)] (514
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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 Fig. 8-4.
The given data include f = f. = 0.08, d. =40 mm, and F = 6.4 kN per screw.
(a) Find the thread depth, thread width, pitch diameter, minor diameter, and lead.

(h) 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.

(¢) Find the bearing stress.

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

(2) Determine the von Mises stress at the root of the thread.

() Determine the maximum shear stress at the root of the thread.
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Solution

Answer

Answer

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

d,=d—p/2=32—4/2 = 30 mm
d=d—p=32—4=28mm
=np = 2(4) = 8§ mm
(h) Using Egs. (8-1) and (8-6), the torque required to turn the screw against the load is

Fd, (1 + ’"fdm) Ff.d,
T, = 3 =
S (mz,,, — fl 2 o= 32 b

~ 6.4(30) ls - 7r(().()8)(3())] , 6:4(0.08)40 J\M = Yo Hnm
2 7(30) — 0.08(8) 2

= 1594 + 10.24 = 26.18 N* m
P:. LU‘IIV\’ L’ g)“‘)’\

C/ gqu 103>§ D:QS 0100% *_-’(T,vo,o% *les gq:@'lbs A b’bg ‘X'Q,oq

] —
R N 7 T4 0,05 - 5,0 § x0.00§ .

.15 + o2y = 2618 )

(2
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Answer

Answer

Answer

Answer

Using Eqgs. (8-2) and (8-6), we find the load-lowering torque 1s

3
. _ Fd, (wfdm — r) . Fhd. _ §,_L(xlo y0,02
L2 \md, +f1) 2 2

B 6.4(3{]}[ 7(0.08)30 — 8 } , 64(0.08)(40)

2 [ 7(30) + 0.08(8) 2 - —s466 + 197y - @,?lﬂﬂ

= —0.466 + 1024 = 977N+ m

<
s °,ogx°1;5— s, 00& 6.\{*&0 X °¢°K* bﬁ"
TV ¥ 0,03 30,0842 saf - 2

The minus sign in the first term indicates that the screw alone 1s not selt-locking and

would rotate under the action of the load except for the fact that the collar friction 1s

present and must be overcome, too. Thus the torque required to rotate the screw “with™

the load is less than 1s necessary to overcome collar friction alone. 3

(¢) The overall efficiency in raising the load is £,Y *lo * 0,00 o, gl l
— /

—

_Fl 64(8) 2T ( % 1§
¢ aTe 2m(26a8) N ( \ é( Sl 1 c

(¢/) The body shear stress T due to torsional moment T, at the outside of the screw

body 1s
16T 16(26.18)(10°
T=—p= ; 1( ) _ 607 MPa
d, w(287)
The axial nominal normal stress o 18
-
4F 4(6.4)10°
g=——=———=—10.39 MPa
d? (28%) {GFB“}
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Answer

Answer

Answer

(¢) The bearing stress o 18, with one thread carrying (.38F,

2(0.38F) 2(0.38)(6.4)10°

mdy(Dp . m@oy()@ 20 MR

Op =

(f) The thread-root bending stress o, with one thread carrying (.38F 1s

 6(0.38F)  6(0.38)(6.4)10°

= = ~ 41.5 MP
To T md (1)p 7(28)(1)4 .

(g) The transverse shear at the extreme of the root cross section due to bending 1s
zero. However, there 18 a circumferential shear stress at the extreme of the root cross

section of the thread as shown in part (d) of 6.07 MPa. The three-dimensional stresses,
after Fig. 88, noting the y coordinate 18 into the page, are

a, = 41.5 MPa Ty = 0
o, = —10.39 MPa T,. = 0.07 MPa
o, =0 T, =0

o

For the von Mises stress, Eq. (5-14) of Sec. 5-5 can be written as

(415~ 0)> + [0 — (~1039)]° + (~10.39 — 415)* + 6(6.07)%)""

V2

= 48.7 MPa

o’

' 1/2
T =

(5-14)

[{”L - r-"jr]! + (o) — ”,‘.]J + (0: — oy }J + ﬁ{r.njv + T_Er + T:Jr)]

Sl -

(&)
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¥ \JoN - Mises

- 4 3 5 3 . 172
o' = — [(00 —0y)" + (0 — 02)" + (0. —0)" +6(1;, + 1. + 72,) ] (5-14)
V2©'

o \ T 2

o= %iJ(Z.ﬁm\zﬁ(25‘3—%\”( R N

¥ /\’{QXCM\LH\ ShesY” SVess

(‘ ] O Mex = Gl : W\ G __(—R,\g] _ Y’Z?,?HF@(

M 2 2
Shex 7 e W30St of 61,62,6%

Shiin — 1he SHallesl o f 1,676
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Answer

Answer

Alternanvely, you can determine the principal stresses and then use Eq. (5-12) to find
the von Mises stress. This would prove helpful in evaluating 7, as well. The prin-
cipal stresses can be found from Eq. (3-15); however, sketch the stress element and
note that there are no shear stresses on the x face. This means that o, 15 a principal
stress. The remaining stresses can be transformed by using the plane stress equation,
Eq. (3—13). Thus, the remaining principal stresses are

—10.39 —10.39%? .
+ ; + 6.07° = 2.79, —13.18 MPa

2

Ordering the principal stresses gives oy, o1, o3 = 41.5, 2,79, —13.18 MPa. Substtuting
these into Eq. (5-12) yields

o {[41.5 — 2791 + [2.79 — (—13.18)]* + [—13.18 — 415]:}.,«;
. 2
= 48.7 MPa

(7) The maximum shear stress i1s given by Eq. (3-16), where 7,,, = 7,3, giving

o — oy 415 — (—13.18)
Tmax — ) - 3 = 27.3 MPa

(&)
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Exercise 1

A square-threaded, single thread power screw is used to raise a known load. The screw has a
mean diameter of 1 in. and four threads per inch. The collar mean diameter is 1.5 in. The Av - 1 N PT- o ,'2,6 n O{, - l r? |.

M / 5 ¢ = ' /\
-0 :
) L- 12:6 In

Load
25 1000 1k ity =1 in.

e 4 threads/in,

——— de=1.5in
——— f=f =01

. % x* OL: d'}‘l"‘ozs P = /J. + 05% 0,25 :\1\’2'6 I

coefficient of friction is estimated as (0.1 for both the thread and the collar
S & o, |

e ———— -

- Determine the major diameter of the screw

- Estimate the screw torque required to raise and lower (Tr and Tv) the load

Fd, (4' + ’fT.f'ifm) . Ff.d,
ad,, — 1 2

- If collar friction is eliminated, determine the minimum value of thread coefficient of friction R = -
i

—_—

fneeded to prevent the screw from overhauling (self-locking condition)

Cr 25000¢ L [505+ T xo1x 1. LSso0x8,%),5
Fd, (w_m,” - f) . Ffd. 2 L eiwels + >

Lo 2 \md, + fl 2
Tesdx 1 - 025 25000*0,1,1,5 = 88,7 Tbiy
_\_

CrL ) 26000*1
T X i+o1*o7,5

= 253,26+ )%?5 =123, U o)




Exercise 1
A square-threaded, single thread power screw is used to raise a known load. The screw has a

mean diameter of 1 in. and four threads per inch. The collar mean diameter is 1.5 in. The

coefficient of friction is estimated as (0.1 for both the thread and the collar

Load
25 000 b dp=1m.

| S 4 threads/in,

———] de=1.5in
]
= f=f =01

fe —

—

il
iy ———— -

- Determine the major diameter of the screw

- Estimate the screw torque required to raise and lower (Tr and Tv) the load

- If collar friction is eliminated, determine the minimum value of thread coefficient of friction

fneeded to prevent the screw from overhauling (self-locking condition)

. L. - o
* t)OJ\>\— 7 d T %1 |435%

{7 007397
Ls for el lohirg sCfed

()
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Exercise 2
A single square-thread power screw has an input power of 3 kW at a speed of 1 rev/s. The

screw has a major diameter of 36 mm and a pitch of 6 mm. The frictional coefficients are

0.14 for the threads and 0.09 for the collar, with a collar friction radius of 45 mm.

b

1. Find the axial resisting load, F,

o — HA HH ] HH H-

CL'— BEHH/ P':. 6)1!"\
Ck'le 32}4/‘4, O\Y:—glo
L
S

.2. Find the overall efficiency, €

2.2 Indicate whether the screw is self-locking or not.

:é}"l/"l C}\. = Jo
O A - )

v‘v



Pl = Tx W 3 lfs Tw 27 (1) T@Wl?& Ay
%K o) —

g d
d)-. -\'Ngo(. \ - <
Fd, .I’-I-*:T_fd Ffd ‘;\ lo[ )
Tﬂz - (

wd, — f 1’

%03S O o0b + "*0/19*0,033ﬁ) N 0,03¥0,0ﬂ:|
“173=F ) (-

F =

T x0,623 = ©1¥% 006 T

65061,66:\‘ 0,06 - 513
* _ I, | Fi 2 2T ox 4777 L—a:ilg'ﬂ
T T, |2nTn
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i Threaded Fasteners

The purpose of a bolt or screw is to clamp "“fasten”

two or more parts together.

1. The dimensions of bolts and screws are standardized and
there are several head styles that are being used

‘.‘_ W‘-‘

7
A L] ]

AN
ﬁfB—

Figures 8-9 and 8-10 show some of

the common head styles for bolts and o

cap screws

- T <

AN
©

iy}

Figure 8.10
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* Threaded Fasteners

Y The terms bolt and screw are sometimes used
interchangeably and they can refer to the same

element. In general, a bolt is used with a nut while a
w_is used with a threaded hole (Not a standard

definition).

bolt with a nut

()

g TP %



i Threaded Fasteners

2. Washers must be used under bolts heads in order
to prevent the sharp corner of the hole from biting
into bolt head fillet where that increases stress

concentration.

()
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i Hexagon-Head Bolt

-Hexagon-head bolts are one of the most common for
engineering applications

-Standard dimensions are included in Table A—29
- W is usually about 1.5 times nominal diameter
-Bolt length L is measured from below the head

~-— [ — W—]
—-| | Approx. ﬁ n
- R \
f’_x
— — —+—
‘x&’//




i Joints with External Load ( Tension Joints)

€9 are used to clamp two, or QQ_L

more, parts together where these | ‘
parts are subjected to an external
force trying to separate them. | 5’

1\

oy |

»When a bolt and a nut are used to make a joint, the nut is usually
tightened to grip the joint firmly.

» This tightening of the nut introduces a tensile force in the bolt

(called the pre-load) and a compressive force (having the same
value) in the clamped material. .




i Joints with External Load ( Tension Joints) >

—
» When the external “separating” force is bo Lt HBub
applied to the joint it will be divided P, P

between the bolt (where it increases the |
tension in the bolt) and the clamped
material __(where it reduces the

compression in the material). p

Tryy T
* In order to find the portion of the external load carried by the J
bolt and the portion carried by the material, spring methodology
Is used where the bolt and the clam material are represented ]
as two springs in parallel. (=) bolt d l

Sk ™~ —
( } /{@'«Ley t—/c{ — Pr | oG/

» Therefore, the portion of the external load carried by each of —
the two springs (representing the bolt and the clamped material) —

depends on the stiffness (spring rate) of each of the two springs. g" GB%




Joints with External Load ( 7ension Joints)

Procedure to Find Bolt Stiffness

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 [Fig. («) only]: H from Table A-31

Grip length:
For Fig. (a): [ = thickness of all material squeezed
between face of bolt and face of nut

2
For Fig. (b): o { h+n/2, h<d

( Dy h+d/2, n=>d (\,\ :
\ / ] - i - \Uj
|- [—> ! -
| d o : el t5 >
e,
e I |||| | B AR
11|l ({1{H]1 UL TR0 LU0 L .
; L, . 1
—- 4 -
- / - — o
-« I > « ! =

;;;;;;;



Procedure to Find Bolt Stiffness

* Joints with External Load ( 7ension Joints)

Fastener length (round up using Table A-17%): [

For Fig. (a): L>=1I4+H
For Fig. (b): L =>h+4+1.5d

Threaded length Ly

Inch series:
2d+ ¢ in, L <6in

Lt = . .
2“’4_31“‘ [ = 61in

Metric series:

2d +6mm, L < 125mm.d <48 mm
Lt =13 2d+12mm, 125 < L <200 mm

2d +25mm, L = 200 mm

e

o B,

¥¥¥¥¥¥¥



Joints with External Load ( 7ension Joints)

+

Procedure to Find Bolt Stiffness

Length of unthreaded portion in grip: g =L — L7

Length of threaded portion 1n grip: Iy =1—14

Area of unthreaded portion: Ag = nd¥4
Area of threaded portion: A; from Table 8—1 or 8-2
AdAE
Fastener stiffness: kp = a7
Ad'rf + Arfd

- [ ! H = .
= F

Fr—|-|
{1 -r-l-. Iy

——
|
9,

::::::



i Joints with External Load ( 7ension Joints)
Joints — Member Stiffness

The clamped members will be treated as springs in series in order

to find the total stiffness. 1 1 1 1
e = Tyt eyt /ﬁc3

- If one of the clamped members is a soft gasket ( which has a very small
stiffness compared to other members), the stiffness of other members
can be neglected and only the gasket stiffness is used.

- Experimental investigation showed that the area subjected to
compressive stress in the clamped zone has a conical shape with half

apex angle of about 30°.

.....



i Joints with External Load ( Tension Joints)

Joints — Member Stiffness
For members made of the same material (same ),
the effective stiffness is found to be:

m Edtany

(ltany +d,, —d)(d,, +d)
(ltany + d,, +d)(d,, — d)
d  is the washer face diameter

k"l =
2In

= Knowing that the standard washer diameter is 50% greater than the bolt
diameter (d,, = 1.5d) and y = 30°, the effective member stiffness can be
simplified as:

@ y 057747 E d
m 0.57741+05d

2in(5 gET7AT I8 d)

Where () is the total thickness of the clamped members.

()
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Joints with External Load ( 7ension Joints)

Joints — Member Stiffness

+ Alternatively, k,, can be found using a curve fit
equation (obtained from FEA) which gives a very close

value:

—

ky = Ed|A eB/1

» The constants A and B depend on the material being

used and their values are given in 7able 8-8.

Table 8-8

Stffness Parameters
of Various Member
Materials'

Source: ). Wileman,

M. Choudury, and 1. Green,
“*Computation of Member
Stiffness in Bolted
Connections,” Trans. ASME,
J. Mech. Design, vol. 113,

December 1991, pp. 432-437,

Material
Used

Steel

Aluminum

Copper

Gray cast iron

General expression

Poisson
Ratio
0.291
0.334
(.326
0.211

Elastic
GPa
207
11
119
| O

Modulus
Mpsi
30.0
10.3
17.3
14.5

A

0,787 15
0796 70
(L.795 68
0.778 71
(0.789 52

(0.628 73
(.638 16
(.635 53
0.616 16
(0.629 14

()
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¢ Tension Joints—The External Load

aDuring bolt preloaa

v bolt is stretched 0 i
v members in grip are |
compressed "‘ '
aWhen external load P =
s applied |
v Bolt  stretches an * 4 '
additional amount § P, MpE &
v Members IN arp kp - m
UNCOMpPress same Km
Pm = Pb_
amount & kp

Q{ - \)Y-Q,‘ac..o(
— 1
Mom ey Lalt
P = tighel Lo
— KL
A !
(Eh)

;;;;;;



Tension Joints—The External Load

i

= SinceP=P,+ P, \
- ﬁ[hF . {_,F I[d:l \;J(/’—) ”
I}—kf1+krr4 o \B Yy \/)H

Ppo=P—Py=(1-C)P (e)
= C is defined as the stiffness constant of the joint ?13 - C P
ks
(f)

N J{IJ:- T '{-.rH

= C indicates the proportion of external load Pthat the Pﬂ - (\ )P
bolt will carry. A good design target is around 0.2.

Table 8-12 Stiffnesses, M Ibf/in C \« I(

Computation of Bolt Bolt Grip, in kb km la-\- a

and Member Stiffnesses. 2 1 57 17,69 0.168 0.83

Steel members clamped 3 1.79 11.33 0.136 0.864

using a ' in-13 H(};,, 4 1.37 10.63 0.114 0.886 e
steel bolt. C = b+ k. ngFB%§

g TP %



* Relating Bolt Torque to Bolt Tension (Prefload)

QTable 8-15: recommended Torque factors
K for use with Eq. (8-27)

aK = 0.2 when bolt condifion is not stfated  «=3°

.. Megncbio g,y
Bolt Condition K \
dpy tan A + f secw
k= (5)(

Nonplated, black finish 0.30 2d)\1-f “"‘““C") . e
Zinc-plated 0.20 I'=KFd (8-27)
Lubricated 0.18 -I:cm )= /LJ_

Cadmium-plated 0.16 7 A

With Bowman Anti-Seize 0.12

With Bowman-Grip nuts 0.09 C

(&)
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Bolt Materials

Unified Bolt Specification

Threads per inch Material grade

\ }rcad scric/

Y4-20 x ¥ in UNC-2 Grade 5 Hex head bolt

Nomunal diameter  length Class fit Head type

Metric Bolt Specification

Metric Pitch

N/

M12 x 1.75 ISO 4.8 Hex head bolt

N

. . Material class
Nomunal diameter

()

g TP %



Safety

For a bolt subjected to an external load ™ P” and havi Bg a preload “F, “, the
tensile stress is found as: Ny

F, (CP+F,
A, A,

The limiting value of o is the Proof Strength " S, therefore the static factor
of safety " n,” can be calculated as: Tkl
?Yoo( L %-9, (&‘\°3% “\\)

Axial Stress: o) =

%—

Yielding Factor of Safety: SVeagth
451!-]- 451;}
FI; — — — .
"oy (CP+F)/A, o
Vhatul
s N T b Led

Tension Loaded Bolted Joints: Static Factors of

()

g TP %



Tension Loaded Bolted Joints: Static Factors of
Safety

However, such factor of safety is not very useful since
it 1s expressed based on the stress on the bolt which is
due to both the pre-load and external load. A more
useful definition will be a “/oad factor” of safety that
indicates how many times the external load can be
increased (since the pre-load value will remain
constant) and that can be found as:

l.oad Factor:

Cn; P+ F; s, fSZ‘;‘
A,

Where n is the Load Factor (i.e. the load " P” can
be increased "n " times for the stress to reach S, ).




Safety

| Tension Loaded Bolted Joints: Static Factors of

€ It's also necessary to ensure that separation will
not occur (/f separation occurs, the bolt will carry the

entire load).

»  Separation occurs when:
Fpn=0=(1-0Cn,P—F
Thus,

_ b
- P(1-0)

Where n,, is the Load Factor guarding against joint separation.

nNo

» Both load factors n, & n, should be calculated, and
the smaller of the two will be the load factor of

safety for the joint. (=)




Tension Loaded Bolted Joints: Static Factors of

Safe

¢ According to the standard, the recommended value of preload is given as:

Fi=

Where Fp s the Proof Load:

» If the preload “F;” is set according to the recommended value, then it is not likely

- 0.75 F, for nonpermanent connections (reused fasteners)
{ 0.9F, for permanent connetions

E, = 5,A;

that separation will happen before the stress reaches the proof strength.

For other materials, an approximate value is

S, =0.85S,

(&)
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Relating Bolt Torque to Bolt Tension (Preload)

Example 8-3

A % in-16 UNF x 2% in SAE grade 5 bolt is subjected to a load P of 6 Kkip in a ten-
sion joint. The initial bolt tension is F; = 25 kip. The bolt and joint stiffnesses are
kp = 6.50 and k,, = 13.8 MIbf/in, 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 Eq. (8-27).

(¢) Specify the torque necessary to develop the preload, using Eq. (8-26) with f =
fa=10413.

(&)

NS g A



Solution From Table 8-2, A, = 0.373 in".
(a) The preload stress is

F; 25

Answer o; = A =0373 67.02 kpsi
The stiffness constant i1s
k;, 6.5
C = = = ().320
k, + k, 6.5 + 13.8

From Eq. (§-24), the stress under the service load is

F, CP+F _ P
"A, A, A,

Answer

6
= 0.320——— + 67.02 = 72.17 kpsi
0.373 a
From Table 8-9, the SAE minimum proof strength of the bolt is §, = 85 kpsi. The
preload and service load stresses are respectively 21 and 15 percent less than the proof
strength.

()
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Answer

(b) From Eq. (8-27), the torque necessary to achieve the preload is
T = KF,d = 0.2(25)(10°)(0.75) = 3750 Ibf - in

(¢) The minor diameter can be determined from the minor area in Table 8-2. Thus d, =
V4A, /7 = V4(0.351) /7 = 0.6685 in. Thus, the mean diameter is d,, = (0.75 +
0.6685)/2 = 0.7093 in. The lead angle 1s

1 I
A=tan '— = tan ' = tan | = 1.6066°
Woga N ma N 7(0.7093)(16)

For o = 30°, Eq. (8-26) gives

_ {[ 0.7093 ” tan 1.6066° + 0.15(sec 30°%)
2(0.75) JL 1 — 0.15(tan 1.6066°)(sec 30°)

= 3551 Ibf - in

] + 0.625(0.15) }25( 10%)(0.75)

which is 5.3 percent less than the value found in part (b).

()
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Tension Loaded Bolted Joints: Static Factors of

Safety
Example 8-4

Figure 8—19 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 36 kip.

(@) Determine Ly, k,,, and C.

(h) 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 (). determine the realized load factor
for overload, the yielding factor of safety, and the load factor for joint separation.

2 in-11 UNC % 24 in grade 5
finished hex head bolt

Qk azsa

Fig. 8-19

(&)
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Solution (a) The grip is [ = 1.50 in. From Table A-31, the nut thickness is ; in. Adding two
threads beyond the nut of {7 in gives a bolt length of

L—E-I-ISU-I-E—Z?EQ'
T . T = 11

From Table A—17 the next fraction size bolt is L = 2} in. From Eq. (8-13), the thread
length 1s Ly = 2(0.625) + 0.25 = 1.50 in. Thus, the length of the unthreaded portion

i ur p— = in- 2—in erade
| Figure 8-19 2 in-11 UNCX 24 in grade 5
finished hex head balt

— Mo 25 Cl

(&)
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Answer

Answer

Answer

in the grip 1s [; = 2.25 — 1.50 = 0.75 in. The threaded length in the gnpis [, = [ —
[; = 0.75 1in. From Table 8-2, A, = 0.226 in". The major-diameter area 15 Ay; =
m(0.625)*/4 = 0.3068 in°. The bolt stiffness is then

. AyAE 0.3068(0.226)(30)
AL+ AL 0.3068(0.75) + 0.226(0.75)
= 5.21 Mlbf/in

From Table A-24, for no. 25 cast iron we will use E = 14 Mpsi. The stiffness of the
members, from Eq. (8-22), 1s

0.5774mEd 0.57747(14)(0.625)

. (5 0.57741 + (1.5.:3) N . [5[}.5??4(1.5} + {].5{{].625}}
L 1In n
0.57741 + 2.5d 0.5774(1.5) + 2.5(0.625)

= 8.95 Mlibt/in
It you are using Eq. (8-23), from Table 88, A = 0.778 71 and B = 0.616 16, and
k,, = EdA exp(Bd/!)
= 14(0.625)(0.778 71) exp[0.616 16(0.625)/1.5]
= 8.81 Mlbt/in

"E:F.IF =

which 15 only 1.6 percent lower than the previous result.
From the first calculation for £, the stuffness constant C 18
kp, 3.21
ky + k,, 521 + 8.95

= ().368

(&)
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Answer

Answer

Answer

Answer

(£) From Table 8-9, §, = 85 kpsi. Then, using Eqs. (8—31) and (8-32), we find the

recommended preload to be
F; = 0.75A,5, = 0.75(0.226)(85) = 14.4 kip
For N bolts, Eq. (8-29) can be written

S;JAJ_E'
H —
o " C(Pa/N)
. CnpPo  0.368(2)(36) .

 S§,A,— F, 85(0.226) — 144

S1x bolts should be used to provide the specified load factor.
() With six bolts, the load factor actually realized is
_ 85(0.226) — 144
T 0.368(36/6)

= 2.18

From Eq. (8-28), the yielding factor of safety 1s

B SpA, 3 85(0.226)
P C(Pua/N) + F; 0.368(36/6) + 14.4

= 1.16

n

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

_ F; - 14.4
(Pt /N)(1 — ©)  (36/6)(1 — 0.368)

Hy = 3.80

(1)

(&)
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Problem 3 M:é C- \(\9 2 ) 2

For a bolted assembly with six bolts, the stiffness of each bolt is k» = 3 MIbf/in and the _ s _ -

e Ve K, + \
stiffness of the members is k» =12 MIbf/in per bolt. An external load of 80 kips is applied to ° kn $+12
the entire joint. Assume the load is equally distributed to all the bolts. It has been determined p 8 K R
- o N\
to use 1/2 in-13 UNC grade 8 bolts with rolled threads. Assume the bolts are preloaded to 75 tot“_l/ ~ IS
percent of the proof load. C‘ ‘L 75 . ,‘S\;;“;M:\) \—:P—a PYoof Loedl
(a) Determine the yielding factor of safety. S 2
(b) Determine the overload factor of safety, tdﬁl%%-ﬂ s 'kao lg, %_ 2 Y ) °:¥S v |20 0,|q | 3
(c) Determine the factor of safety based on Joint separation. g?: 120 Ys; )\ 1= Nl‘j "2 _ \Z, 77 D
. , F i
S,A | 5;;-*1; — F; —
s\p: P ny = {'P nﬂ P(]_ - C)
CP + F, ) ”
ZosoMly - Nloxeuig- 12,27 _ 1A -\ 197
- — = - o'zx(g—fiﬁ (&3([-0,2)
) x@z \«\272 § g -
¢ 1,6 (Gh)
= ¢ | NS g A




vProblem 4
For the bolted assembly of Prob. 3, it is desired to find the range of torque that a mechanic
could apply to initially preload the bolts without expecting failure once the joint is loaded.
Assume a torque coefficient of K = 0.2.
(a) Determine the maximum bolt preload that can be applied without exceeding the proof
strength of the bolts.
(b) Determine the minimum bolt preload that can be applied while avoiding joint separation.
(c) Determine the value of torque in units of Ibf - ft that should be specified for preloading the
bolts if it is desired to preload to the midpoint of the values found in parts (a) and (b).

Q> C‘M = C\j = S?*’At_:]?)? "‘°/H|j=<l? )(3)3)
D g"nf,\‘P(‘*C) = (%3‘) (1-51) =

O [Rlas 138k
Mogn~ 2

T kG o =°,2,>\<\3,%*°:5= ?
(GER)

NS g A



"Problem 5
For a bolted assembly with eight bolts, the stiffness of each bolt is ks =1.0 MN/mm and the Kb" | /.,\ l\j

stiffness of the members is k» = 2.6 MN/mm per bolt. The joint is subject to occasional
disassembly for maintenance and should be preloaded accordingly. Assume the external load KM 1 g /‘“\l
is equally distributed to all the bolts. It has been determined to use M6 x1 class 5.8 bolts with

rolled threads. N - <8
(a) Determine the maximum external load Pmax that can be applied to the entire joint without

exceeding the proof strength of the bolts.
(b) Determine the maximum external load Pmax that can be applied to the entire joint without

causing the members to come out of compression.

Tobly @1 s Ay = 20,1k
— 211 Sp-T8oMle (Lo, 75S0A

) C %¢¥8

D fl,= Y, 2 P - L = 5,15,(%“‘?,3: FA342N
°7 Sl -C \ -9 0H

P‘ SPA{—Q‘ _ 380x'l°,\-—°1_5«3{(a*2",l

......



The figure illustrates the connection of a cylinder head to a pressure vessel using 10 screws
that are threaded into tapped holes in the grade 30 cast-iron cylinder. The effective sealing X L = n | 9 d,
diameter is 100 mm. Other dimensions are: A = 20mm, B = 20mm. The cylinder is used to

store gas at a static pressure of 6 MPa. ISO class 9.8 bolts with a diameter of 12 mm have L > 2.+1642 L > 2<%
been selected.
~ suibache w\& NolF — = Youm
gere
A= 20"

'B__. 20 M2 * - lf\-\—(% - ?,0""%= U i
1 L_r: 2d.4+6 = 2x\2+6= Sopp,

p—

L
Q1.1 Calculate and select a suitable screw length from the preferred sizes in Table A~17 LO\: - L - L’T: Ho-3o= lapm
(neglect the washer’s thickness).
Q1.2,Calculate the stiffness constants Ks and Ka (use E =207 GPa for screw and E=100 GPa U,]_ Lol 1=1 - o =16 Mm
for cast-iron)
Q1.3. Determine the yielding factor, the load factor, and the joint separation factor for this A c}\,s -:YL__ < n, )2— _ ) \ 5 , | M MZ
selection (assume non-permanent connection), conclude. Y

Koo ALAE WIxBalome quuay, ) Tabe®l — A B6Twe

M

ACL L +A{,L’ot- ) \\Bf‘* \6 - %L}S* \o _ -
t ' (GRY




The figure illustrates the connection of a cylinder head to a pressure vessel using 10 screws

that are threaded into tapped holes in the grade 30 cast-iron cylinder. The effective sealing k 05774 E d
diameter is 100 mm. Other dimensions are: A = 20mm, B = 20mm. The cylinder is used to m = 057741+ 05d
store gas at a static pressure of 6 MPa. ISO class 9.8 bolts with a diameter of 12 mm have 2 In (5 057741 + 2.5 a)

been selected.

KM-’- 0,671(4' 71 ¥ JOo*‘gx 17
2, (5 0 67 WU +05+12
0,57 7Y %2 ¥ C.5% 12

K . \2%83394,72 A
hn

M:

Q1.1 Calculate and select a suitable screw length from the preferred sizes in Table A-17
(neglect the washer’s thickness). -

Q1.2_Calculate the stiffness constants Ks and Ka (use E =207 GPa for screw and E=100 GPa

2 4 -~ . . : ___’f —
Q1.3. Determine the yielding factor, the load factor, and the joint separation factor for this k

bk o208

selection (assume non-permanent connection), conclude.

,,,,,,,



No.

JDCJOLQ,%/L/L - S\o: G0 Ml ¢ \;; = 0,19 % 690+ BH,3= Ulo 16,2150

_ 2R A VA 3 \ 2
\B < %{\—([oo)l,g é‘: L\QIQ%,%QM < ‘\oo“cd \ o N L\'? {3 Aj

(T
n P : S;:Ar \ — SFAF — F; B Fi
CP + F, LT Ter Yo TP —0)
_é%ox 8,3 N - 6950 %843 -Y[296,25 N L \s36,15
> 36 K ¥F12,3 4 Wh3629 %56 ¥U43H13 o wF12,3(1-05%)

= W\ 1% = \Y o7
= (5
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'Quesﬁon 4 (2 pts)

The bolt is used to joint two parts of a machine as shown below. It has initially
tightened to provide an initial clamping force of 2000 Ib. Determine the external

scparating force that would cause the clamping force to be reduced to 500 Ib.
Suppose that km = 6kb

Ky, Ko 1428

C- .

1/\ Kot Ky TRb

AN

Py =L o (1) P =-5os
NS (1-0)¥

------



Yuestion 3 (17 PTS)

The upside-down steel frame shown in the figure below is to be bolted to steel beams on the

ceiling of a machine room using 1SO grade 5.8 bolts. This frame is to support 50 kN radial

load. The grip length is 60 mm. The bolts are size M10 x 1.5 coarse pitch. (use E = 207 Gpa
for steel)

Q3.1. What tightening torque should be used if the connection is permanent? (3 pts)

Sé ]\\\\ JY.QMQ,Q 1.1 S? = %%b){\qo,
: % t‘“"’\%%'i — A-b: %%HMZ

bize,35 Ay = 16630 p

TR Td 026 1% lo=(Sobol)

::::::



Yliestion 3 (17 PTS)

The upside-down steel frame shown in the figure below is to be bolted to steel beams on the

ceiling of a machine room using ISO grade 5.8 bolts. This frame is to support 50 kN radial

load. The grip length is 60 mm. The bolts are size M10 x 1.5 coarse pitch. (use E = 207 Gpa
for steel)

/

Q3.2. Cnlculalc the bolt stiffness (round the total length to next standard) (4 pts)

i N t fa)lolQ, A 2| )J\d:tk(,kae,gg( ):%.\-\—MM
A . Goun
" [ Wi lesgih)

LD'L:)-F-LJ’: éé'o-S\l lhsom \ L7 l(-l-H L>6%l\lﬁf'\

= 6AmM

e 2 2 C’E)ﬂe AV }'2%0}4»4

A= T ()% 7851 L CaShuet Lot

/A - (M‘ng,/l — - 2(*4‘\'6: ?,xlo-\-'é: %MP\
At 58 Mu ) .
,ﬂ:ﬁ. Adfdt E 18,5438 29;7#[4 uls-_}s’SB

Adle + Ada 23 Gx& + 585y

\ b= Lo L %o 26 = Gt

......



Qliestion 3 (17 PTS)

The upside-down steel frame shown in the figure below is to be bolted to steel beams on the
ceiling of a machine room using ISO grade 5.8 bolts. This frame is to support 50 kN radial

load. The grip length is 60 mm. The bolts are size M10 x 1.5 coarse pitch. (use E = 207 Gpa
for steel)

Q3.3. Calculate the stiffness of the joint (3 pis)

> ~ 05774nEd
gesy km‘u s 02T 05 d)
n (S 5577215254

—_—
—

rZ []\ (6 1";8?7\{{ 60-1—0,9&’(0\ _ \56 ﬂ
%9FF Y %60 + 25 ubo K

S
o 7T L?#la*’ Q ,\)
KM_ ,67;“1 ¥ \ _ \SG 24 62 /}j\'M

......



Ulicstion 3 (17 PTS)

The upside-down steel frame shown in the figure below is to be bolted to steel beams on the
ceiling of a machine room using ISO grade 5.8 bolts. This frame is to support 50 kN radial

load. The grip length is 60 mm. The bolts are size M10 x 1.5 coarse pitch. (use E = 207 Gpa
for steel)

Q3.4. Determine the factors of safety guarding against yielding, overload, and joint
scparation. (4.5 pts)

- .

F - °>¥SSVA+= 0, 75% {Qox 53

= €93 N
c- Ko B s
D,ZL]..'_\'%

N\
PNZ

SJ”AI S :Ar - Ff' Fi
ﬂP = ng = — n, =
CP + F, cP P(1-0)

380 x 9§ . S%x 5§ ~165%0 V655

5018 (| o 13)

_(9) - (59 -GR) &)

v e ¥ ¥y v
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Ylestion 3 (17 PTS)

The upside-down steel frame shown in the figure below is to be bolted to steel beams on the
ceiling of a machine room using 1SO grade 5.8 bolts. This frame is to support 50 kN radial

load. The grip length is 60 mm. The bolts are size M10 x 1.5 coarse pitch. (use E = 207 Gpa
for steel)

03.4. Conclude on the selected bolt and propose any modifications (2.5 pts)

S‘?;lEC-tfol\ of -uuS ‘aoL't 1S Mot Safe
S o<1

NN
PN

::::::



The head of a 300 mm diameter cylinder vessel will be designed. The internal pressure in the

cylinder is Ptot = | MPa. The bolts have initial tightening load of 12 kN. The used washer is CVJ!)Q, M7 > N oy $hudlagss [ B } = DU Mm

of 2.8 mm thickness. F;
l—" = L’ro + %lq-\-z)?bﬁ'g = CJU‘)Z MM
CafereY
Ragtn
\f T = U‘C"\'Z,gi L'\Z’J%Ml’\
Tk leagth

I’——l—: Zi-\-é: ?/7’6 19-1-63 26}4}4
l(olﬁ L - Lr- 5"(,2-’2,6=Z%|2'MM

lp = L"‘L’DL: l‘n/((-)— 28/?1? I\"Ié""\M
Age T [1e)7= F8,53m8

1

QL.1. Find the stiffncss of the bolt (3 pts).

Q1.2 Find the stiffness of the members (2.5pts). t«JOIE 2
Q1.3. Determine the number of bolts (N) for a load safety factor of 2 (3 pts). A t a ,l > SgMM
Q1.4. With the found N, check the separation (1.5 pts)
K. AMME gl
Mm

;;;;;;

(The required data could be found in the tables below) B i
AOLI"’.t _}At ["o\a = 0,$77 M {GEB}
MM



The head of a 300 mm diameter cylinder vessel will be designed. The internal pressure in the
cylinder is Ptot = | MPa. The bolts have initial tightening load of 12 kN, The used washer is

of 2.8 mm thickness.
—————
F;

° " P(1=0)

QL.1. Find the stiffness of the bolt (3 pts)
Q1.2 Find the stifiness of the members (2.5pls).

Q1.3. Determine the number of bolts (N) for a load safety factor of 2 (3 pts)

Q1.4. With the found N, check the separation (1.5 pts)

SpAy

(The required data could be found in the tables below) n L - .
C, P‘té‘\u-l

C

S,A; —
CP TEd

vos/41+05d
2ln (5 057741+ 25 d)

F

p— ”..L —
b

0,5?7‘1 7Ty 30’”03,\' |a

Z [,\ (5’ 01'-)??1{!'121%1'0,94‘;
%9 xMLE4T,5 uls

007

T 530249748
2
abe, §l— Sp 3o, Tiz [Lxbn

Ptow‘ L S A A R

=Ju5¢29
Mn
) S o4y

Mm

O
)

Z: %80¥5X~|,LN)9 N< L\,]?:Z e
S, T 4 1635,
SEEE oy (@)



The head of a 300 mm diameter cylinder vessel will be designed. The internal pressure in the

cylinder is Ptot = | MPa. The bolts have initial tightening load of 12 kN, The used washer is

of 2.8 mm thickness. FE F i
———. —

s | 2»\(’0?
P(1-c)  Fo489,4 (1-63)

D = 300 mm 5
|, ¢
M(EQE%S.B cast won
Ev=200GPa p Eci= 90 GPa
— —ee—

QL.1. Find the stiffncss of the bolt (3 pts).

Q1.2 Find the stiffness of the members (2.5pts).

Q1.3. Determine the number of bolts (N) for a load safety factor of 2 (3 pts).
Q1.4. With the found N, check the separation (1.5 pts)

(The required data could be found in the tables below)

‘‘‘‘‘‘



L
Nik psin

= HomM p twbb_, A-)¥ — Nz [48um

L__ 50+\\-lf{8—|- ¥ = 68,8MH

[:Q"-SQZ?)‘:

.......



1:]_ = 2d+& - Cal€xE = 3Qum
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05774 E d

k,, =
057741+ 05d
”“(5 057741 +25d )

‘( 0, c.]?:ll‘“\/’iﬂ /Z,D—-Zaﬂo?,q\é
-
2 Q(Sﬂ 0,57 74450 405416 >
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Table 8-1

Nominal Coarse-Pitch Series Fine-Pitch Series
Diameters and Areas of Major Tensile- Minor- Tensile- Minor-
Coarze-Pitch and Fine- Diameter Pitch Stress Diameter Pitch Stress Diameter
TP ¢ r oh A b Amea Al
1.6 0.35 1.27 1.07
2 (.40 2.07 1.79
25 .45 3.39 208
3 (.5 5.03 4.47
35 (.6 678 .00
4 ) 278 T.75
5 (0.8 14.2 127
3] 1 2.1 179
] 1.25 36.6 328 1 392 36.0
11 1.5 33.0 523 1.25 6.2 56.3
12 1.75 243 763 1.25 621 86.0
14 2 1153 104 1.5 125 116
16 2 157 144 1.5 167 157
20 25 245 225 1.5 272 259
24 3 353 124 2 334 365
a0 15 561 519 2 H2l 5496
36 4 al7 759 2 a15 BhRd
42 4.5 1120 1050 2 1260 1230
48 5 1470 1380 2 1670 1630
56 55 2030 1910 2 2300 2250
4 & 2680 2520 2 3030 20980
T2 i 34al 3280 2 IR0 IR00
0 3] 4340 4140 1.5 4550 4800
ar 3] 3500 5360 2 G100 6020
100 &] HOG0 B740 2 Ta6d0 7470
110 2 G130 S0ED




Table 8-2

Dhameters and Area of Unified Screw Threads UNC and UNEF*

Coarse Series—UNC Fine Series—UNF
Nominal Tensile- Miner- Tensile- Minor-
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 in? in?
] (L Hi (L0 B (.00 51
| (LT L% 02 63 L2 14 T2 IRL R 0.002 37
2 (OG0 5 0003 70 ELIER Y il RLEERE) 003 30
E] L 48 0004 87 (L (06 3 (005 23 .00 51
4 LR et 4 0006 04 (L 126 45 (00 61 (LO05 B
] 12500 b LT 26 (10 T2 EE (L0 B 0007 16
i (L 138D 12 00 (4 (LO0T 45 40 (L0140 15 (1008 74
] Db iz 0014 0 (L0116 3 0014 74 (.012 B5
{1] LR EL Y X 7T 5 (104 50 32 (L0200 0017 5
12 (2160 4 0.024 2 0.020 6 2% 0025 & L0226
_I, 25000 ) o3l 8 0.026 9 28 0036 4 0032 6
;iﬁ L3125 I8 052 4 (045 4 24 (055 O (1052 4
;: (L3750 L6 o773 0067 & 24 (LOET B (L0500 %
1,-'%; (L4375 14 016 35 093 5 20 118 7 (.10 1
i 50000 ] 14149 01257 20 154919 (L1438 6
]'*'ﬁ (L5625 12 1s2 (1162 1% (1.2003 (. 18%
f? (L6250 B 10226 .20 I8 256 (2. 240)
'_: {17500 1] 11,334 (1302 16 373 (1.35]
; (LETS0 kS .462 0414 14 (504 (1480
1 [RLE B 160 1551 12 .663 0.625
I_I1 125000 7 .4964 (1K) 12 1073 1024
Ii 1. 50600k fi 1405 1254 12 15451 1.521




SAE Specifications for Steel Bolts

Table 8-9

Minirmum
Tensile
Strength,*
kpsi

b

(b

115

1200

1015

1200

133

150

I 500

Minimum
Yield
Strength,*
kpsi

4]

1K}

o2

’i

0

15

130

130

Material

Loww or medium carbon

Lo or medium carbon

Mediom carbon, cold-drawn

Medium carbon, Q&T

Lovw-carbon martensite, (Q&T

Medium-carbon alloy, Q&T

Medmwm-carbon alloy, Q]

Loaw-carbon mariensite, O&T

Head Marking

Size Minimum
SAE Range Proof
Grade Inclusive, Strength,*
Mo. in kpsi
1 g1
| 1 | 3 %3
. 1. 3
) i3 as
£—13 33
] il
4 I l! 65
| |
5 ] B5
gl
l5-13 74
? i_
5.2 - | o]
7 §-1% 105
] g1
] =13 I 20
¥ LN -
B2 =i 1200
*Mlimimum sirengths are strengths excesded by 99 percent of fastemers

(&)

S



ASTM Specification for Steel Bolts

Table 8-10

ASTM
Desig-

naton
No.

AT

AS2S,
e |

AR,
ype

AS2S
e 3

ASSE
grade BC

A3Se
grade BD

AL

Size

e -

Range,

Inclusive

Minimum
Proof
Strength,*
kpsi

i3

ss

74

85

o}

LA

4

s

us

LA
b |

58

120

Mimamum
Tensile
Strongth,*
kpsi

o)

150

150

Manimum
Yield
Strongth,*

kpsi

6

92

Al

o

9w

130

92
5l

hi |

10

130

Material

Low carbon

Medivm carbon, QX1

Low carbon, manensite

QX7

Weathening sieel,

QKT

Aoy steel, QKT

Aoy seel, QKT

Medium-cartvn, Q&1

Ao stoel, Q&T

Weathering woel,
QKT

Heod Marking

-
@

(&)

EEEITH

& e,



Metric Mechanical-Property Classes for Steel
Bolts

Minimum Minimum Minimum
Size Proof Tensile Yield

Property Range,  Strength,’ Strength,' Strength,’
Class Inclusive MPa MPa MPa Material Head Marking

4.6 M5=-M36 225 &I 240 Low or medium carbon
4.8 Ml.6-MI6 310 420 340 Low or medium carbon
5.8 MS-M24 R0 £ 42 Lovw or miedium carbon
g8 L% B L, 0 30 il Medium carbon, Q&T
Qs MI1G=MIb 50 b T20 Medmwem carbon, (O&T
109 M5-M36 Kan 1040 PE]] Lovw-carbon martensite,
Q&T
129 M1.6-M36 aTn 1220 | TCMb .ﬂ”ﬂ}', Q&T
*The thread lemgth tor bodts and Cap screws 15 =

S



Tﬂble A-31 HEighf H

Nominal Width Regular Thick or
Size, in w Hexagonal Slotted JAM

Dimensions of

Height H

Hexagonal Nuts

3 i % i3 = Nominal  Width Regular Thick or

& ! u P L Size, mm w Hexagonal Slotted JAM
3 9 21 13 7

8 1& Gl 3z 32

1 u 3 29 1

16 l& i ad 4

1 3 7 9 s

2 4 16 It 1a

It : o o s MI10 16 R4 9.3 5.0
: it o o : MI12 18 10.8 12.0 6.0
2 13 & = Z M14 21 12.8 14.1 7.0
1 13 i 2 2 M16 24 14.8 16.4 8.0
1 1 %5 1 2 M20 30 18.0 20.3 10.0
1! 1 3t 13 3 M24 36 215 23.9 12.0
15 15 lig 15 = M30 46 25.6 28.6 15.0
12 oL 1 2 s M36 55 31.0 34.7 18.0
13 2 135 13 3



Table A-17

Preferred Sizes and
Renard (R-Series)
Numbers

{When a choice can be
made, use one of these
sizes: however, not

all parts or items are
available 1n all the sizes
shown in the table.)

Fraction of Inches

éf ﬁf #1‘ %1 :_if %1 %1 lli_l Ij_l':|'| 3_1 ;;I_ﬁl %1 %1 3_1 %5 %1 %1 lf 1&!‘ I'_%!l l%l 2!! 2&1 2%!' 2%1‘ 35‘
31031 33,4, 41, 4% 435,58, 51, 53,6, 68,7, 74, 8, 8L, 9,98 10, 108, 11, 114, 12,
125,13, 134, 14, 143, 15, 155, 16, 165, 17, 175, 18, 185, 19, 19, 20

Decimal Inches

0.010, 0,012, 0.016, 0.020, 0.025, 0.032, 0.040, 0.05, 0.06, 0.08, 0.10, 0.12, (.16, 0.20, 0.24, (.30,
(.40, 0.50, 0.60, 0.80, 1.00, 1.20, 1.40, 1.60, 1.80, 2.0, 2.4, 2.6, 2.8,3.0,3.2, 3.4, 3.6, 3.8, 4.0, 4.2,
44,46,48,50,52,54,56,58,60,7.0,7.5, 85,9.0,95, 100, 105, 11.0, 11.5, 12.0, 12.5,
13.0, 13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 16.5, 17.0, 17.5, 18.0, 18.5, 19.0, 19.5, 20

0,05, 0.06, 0.08, 0.10, 0.12, 0.16, 0.20, 0.25, 0.30, 0.40, 0.50, 0.60, 0.70, 0.80, 0.90, 1.0, 1.1, 1.2,
14,15, 1.6, 1.8,2.0,22,25,28,3.0,35,40,4.5,5.0,55,60,65,7.0,8.0,90, 10, 11, 12, 14,
16, 18, 20, 22, 25, 28, 30, 32, 35, 40, 45, 50, 60, 80, 100, 120, 140, 160, 180, 200, 250, 300

Renard Numbers*

st choice, R5: 1, 1.6, 2.5, 4, 6.3, 10
2d choice, R10: 1.25, 2, 3.15, 5, 8
3d choice, R20: 1.12, 1.4, 1.8, 2.24, 2.8, 3.55. 4.5, 5.6, 7.1, 9

4th choice, R40: 1.06, 1.18, 1.32, 1.5, 1.7, 1.9, 2.12, 2.36, 2.65, 3, 3.35,3.75,4.25,4.75, 5.3, 6,
6.7,7.5,85,95

*May be multiplied or divided by powers of 10.

‘‘‘‘‘‘
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