


B. Inch Series Thread Forms

In the United States our principal inch series thread form standards are
ASME B1.1 1989 |2} and Federal Standard FED-STD-H 28/2B [3]. Both
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WHITWORTH BUTTRESS

Figure 3.1 Three well-known thread forms which are not currently used with
threaded fasteners and, for comparison, one which is (the UNJ form). The ACME
is a well-known machine tool thread used for traversing screws. The Whitworth
is # now-obsolete fastener thread form once used in the U.K. It has now been
replaced by a 60-in.-series ISO form.



C. Metric Thread Forms

The currently popular metric threads are identified by the code letters M
and MJ. The basic geometry of metric and inch series threads is identical,
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Figure 3.2 Thesc are the thread forms most commonly used in the Westerp
world at the present time. Each is a 60° included angle form. They differ from
cach other primarily in the way the roots of the external {male} threads are shaped.
The UN form has flat, or, oplionally, slightly rounded roots. The UNJ und metric

MJ forms have generously rounded roots. The UNR and metric M forms have
slightly rounded roots.
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Stiffness and Strain Considerations
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Figure 5.9 Equivalent shapes substituted for joint members in calculating joint
stiffness and deformation.



Table 4.16 Room Temperature Strength of Typical Joint Materials

(ksi)
Strength
Joint material Yield Temsile Shear Rel.
Structural sieels
Low-carban sicels (A3, Fe37) 331-36 5880 41-56 48
High-strength steel (AS88) 42-50  63-T0 4149 48
High-strength, low.alloy steel A0-65  60-80 42-56 48
[A242, AddY, AST2, IeSD)
Quenched and tempered carbon steel (AS3T) 5060 70-100 49-70 4%
Quenched and tempared alloy steel YO-10¢ 100130 70-9] 48
(AStd, ASIT
Automotive materials
Steels
SAF jdid
1010 bot rulled 26 47 i
1010 cold drawn 44 hX] 37
1021) hot rolled 30 55 41.2
1020 cold drawn 31 51 43
. 1035 hot rolled 19.5 2 54
1035 cold Jdeawn 67 1] 56
Aliminem die castings 14-24 df {9-20
SAL 1453
Grade 302, 306, 308, 309
Gray iron castings
SAFE JR5O
G130 -_— i8 -
62500 — 25 3 S5
G000 — 10 8
elc.,
Malleable iron caslings
SAL J158
MIzig k)] 50
M4504 435 L5
MSO03 50 78
MSSU3 55 ]
MT002 T0 Wi
MES01 &5 105
Duclile iran castings
SAE ]434
D4018 40 [{'4]
512 n 45 65
Dis0e 55 80
7003 T 100



Table 4.4 Yield Strength (ksi) vs. Temperature
. Temp. °F ("C})
400 600 800 1000 12(4) 1400 1600 1800

Spec. Grade 0 (20 (204) (316) (427)  (538) (649} (760} (871) (982) Refl
ASTM B6 8 6 7

AlYl B7 75105 6592 60-83 33-74 1,8

. B&-C11 30 21 18 17
Bi6 85-105 79-58 75-93 (7-83

ASTM GR B 36 il 2? 9

A7
ASTM L7, L43L.7A 105 92 84 73 1

A320
ASTM Type 81 70

A325 1
ASTM BC 94-109 87-96 81-89 1

A354 BD 125 110 102
ASTM 651 S0-70 13-56 36-31 33-46

A453 660 85 82 8l 80 g
ASTM B21-B24

AS540 Ci1 150 134 124

Cl2 140 125 L16



Stress and Strength Considerations

0000,

Figure 2.14 Lines of equal compressive stress in joint
loaded to 100 kip. Values given are in ksi.
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Figure 2.4 The magnitude of tensile s
assumed in bolt calculations.



Stress and Strength Considerations c
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Figure 2.8 Peak stresses in three different nuts, having five, six. and seven teeth,
respectively.

Figure 2.9 Nuts which arc partially loaded in tension, such as those shown here,
see umore uniform tooth stress distribution than do conventional nuls,



TENSION
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Figure 25 More accurate view of the tensile stress ali
the axis of the bolt



One of the main reasons that values for gaskelt stiffness arc not pub
lished is that the stress-dellection behavior of gaskets is nonlinear, a
alrecady mentioned. To define stiffness you must know which part of the
behavior curve you're interested in. Figure 5.18 illustrates this problem
Itinciudes stress-deflection curves for several gaskets, as they are initiall®
loaded (part A of each curve) and subseguently unloaded and reloaded 1
use (part B). Typically the B portion of the curve has a very steep siops

1 /’] 2
= SG
. / /
/
bG 0G
3 4
SG SG
y
A
B B
DG DG

Figure 518 Curves of gasket stress (SG) vs, gasket deflection (DG) for fou
types of gasket: (1) spiral wound, flexible, graphite filled; (2) spiral wound, ashes
tos filled; (3) stainless steel, double jacketed, with flexible graphite envelope: an
(4) compressed asbestos. In each plot the A curve shows the behavior of the
gasket as it is first loaded. Curve B shows the behavior as it is unloaded anc
reloaded. As can be scen, the behavior is nonlinear, with gasket stiffness varyin
Irom point to point. '
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Figura 7.11 The relationshio between torque amd preload 15 not always a straight
line, as these experimentally derived curves show. Curve A is for a 25-8 x 12,
B16 stud. Curve B is for a l-in.-diameter ASTM A325 bolt with a 25-in. grip length.
The dashed line in each casc is the theoretical fine for nut factors of 1,132 und
0.2, respectively,



Torque Control of Bolt Preload 239
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Figure 7.10 Torque-preload tests on lubricated (group A) and unlubricated
(group B) 248 x 12, BI6 studs.



Torque Control of Bolt Preload
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Figure 7.8 Theoretical preload achieved for a given input torque as a function
of the ceefficient of friction.



TORQUE TURN

Usually turn is coupled with torque and ealled torgue flurn ve Luen of NUE Drocess.
The process s illustrated by the (wllowing graph:

R

TORQUE 2
= 2 10%) ]
N ]

Lo :

60 120
TURAN (cagraas)

Thie process has three regicns;
A — The snugging where all the plics of the juint are brought into contact,
B — The scaling terque: usually looscly defined as the [ull effort of a man on a
spud wrench.

C = Measured turn which usually brings the bolcs beyond the propuortional
limit,

Window Control
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jqross Tnel

seclion section
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Figure 2.16 Some static [ailure modes of axial shear joints. (A) Tear-out or
marginal failurc. (B) Failurc through the “nel section.” (C) Zigzag failure.

]

2. Tailure of the '"net section’ of the plate because the bolts are spaced
too closely, or because the platc is too thin or o solt (Fig. 2.16B)
A zigzag failure when there is 100 short a distance between bolt holes
(Fig. 2.16C) .
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figure 6.13 Poor thread engagement may be a major source of plastic deforr
tion and therefore joint relaxation.



Figure 6.14 Oversized fillets and/or undersized holes may result in total relax
tion of a preloaded fastener.



Figure 6,15 Oversized holes may also increase contact stress levels and ther
fore increase embedment relaxation.



BOLT TENSION

TIME

Figure 6,18 Most short-term relaxation occurs in the first few seconds or min-
utes following initial tightening, but continues at a lesser rate for a long period of

time.



BOLT A

Figure 3.6 The lower sketch shows the clearance between male and female Class
2A UN threads when only the basic allowance separates them. The upper sketch
shows how much this clearance increases when the full manufacturing tolerance
15 added to the allowance. In effect, the lower sketch shows the maximum material
condition for bolt and nut; the upper sketch the minimum material condition for
both. The bolt thread is reduced in diameter by the allowance and tolerance, and
the roots of the teeth are rounded. The diameter of the nut teeth has been increased
slightly by the manufacturing tolerance, and the roots of the teeth are rounded.
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Incorrect tooth angles can also result in improper engagement and
loss of thread strength.

\
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TAPERED

7

QUT -QF -ROUND

DRUNEEM

Figure 3.9 Tapered obt-of-round or drunken threads all reduce thread-stripping
strength.



Threads and Their Strength

Figure 3.10 If the pitch of the male threads differs significantly from that of th
female threads, they may be in contact for only part of the length of engagemen
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Figure 4.3 Stress relaxation of petrochemical bolting materials as a function of
service temperature. Exposure in each case was for 1000 hr at the temperatures

shown [19].



Figure 6.2 We'll tighten the bolts of our example joint in the ‘‘star pattern™
sequence shown here. We'll use three passes, at one-third, two-thirds, and final
torque, following the same sequence on each pass.
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Figure 6.20 Torque-stretch-relaxation history of a 3-18 x 13 Grade 5 bolt. A
torque of 150 Ib-ft was applied repeatedly to this fastener, with a pause for relaxa:
tion between each pass. Final preload was 33% greater than that achieved on the

first pass.
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Figure 6.23 The elongation or stretch achieved in the 16 bolts of a gasketed
flanged joint as the bolts are initially tightened one by one (x's) and after all have
been tightened (solid line). Numbers on the horizontal axis show the location of
the bolts, and the order in which they were tightened. The second bolt tightened,
#2,1s located 180° away from #1. The third and fourth bolts tightened are halfway
between bolts | and 2, etc. The difference between the x's and solid line shows
the loss of initial preload in the bolts as a result of elastic interactions.
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Figure 6.24 Initial and residual preloads in the 16 bolts of the joint shown in
Fig. 6.23 after a second tightening pass at a higher torque.
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Figure 6.25 Final tension in the 16 bolts of the joint of Figs. 6.23 and 6.24 after
a final cross-bolting pass at a final (highest) torque.
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Figure 6.26 The dashed line shows the pattern of final, residual tension in the
16 bolts of the joint described in Figs. 6.23-6.25 after that joint has been loosened
and then retightened with the same torques and procedure used earlier. The solid
line shows the change in pattern of residual tensions after a fourth and final pass
in reverse order (the last boit was tightened first, etc.).
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Figure 7.3 This shows the pattern of residual preload on two large, pressure
vessel joints after a two-pass bolt-up procedure. Studs with cut threads were used
in one joint, studs with rolled threads in the other. The engineer reported that the
studs with rolled threads ended up with a higher average preload and with less
scatter in preload than did those with cut threads.
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Figure 7.12 A summary of the causes of bolted joint failure on the Skylab
program. All fastners have been torqued. (Modified from Ref. 14.)



Faillure Modes

CAUSES FOR JOINT FAILURES
IN MASA'S SKY LAB PROGRAM
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COMMON METHODS OF STRETCH MEASUREMENTS

Micrometer—ior asmall lasteners

M=

Stretch Measurements Using Micrometer
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Tension Control
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TABLA A-26
Dimensiones de pernos de cabeza cuadrada o hexagonal

:
od

antiRo TIPO DE CABEZA
NOMINAL, CUADRADA HEXAGONAL REGULAR HEXAGONAL PESADA  HEXAGONAL ESTRUCTURAL
in w H w H Riin w H Romin w H R i
i i 1 3 #oo00

15 Fo H 3 % 0.0l

i Rt 1 16 i 0.01

1% i & 3 # 001

} 3 D i g 001 i ¥ 001 i % 0.009
i - B 1 002 1% g 002 1% # 0.2
i 1% ) 1} } 0.02 13 3 0.02 b B 002
1 14 H 13 & 003 .8 07403 13 # 0062
14 3 14 i 0.03 11 3 0.03 11 B 0.062
14 13 4 13 #0003 2 # 00003 2 #  0.062
13 % 8 2% #0003 2 B 003 2 #0.062
1} a1 1 % 1 0.03 2% 1 1 . #  0.062
TAMANO
NOMINAL, mm

M5 8 3.58 8 358 0.2

M6 10 438 03

M8 13 568 0.4

M10 16 6.85 0.4

MI12 18 795 0.6 21 795 0.6

M4 21 925 0.6 24 9.25 0.6

MI6 24 10.75 0.6 27 1075 0.6 2.7 HEYS. (L&
M20 30 13.40 0.8 34 1340 0.8 34 1340 0.8
M24 3 3% 1590 08 41 1590 0.8 411590 10
Ma0ss160 @8 A0 46 1975 1.0 St o 407800420 30 01895 N2

MEA . . <o daeiitd 56 25 0d .0 G 5 23.55 o ud4d 60 2355 15







