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1. iIntroduction

In the design of load carrying parts it is a general
rule 10 make sure that yielding will not occur under
service loading. Usually, therefore, the yield load
level of allimportant parts is known or at least closely
estimated. The designer then ensures that these
levels exceed the service loads by a suitable factor of
safety so that the only deformations to be anticipat-
¢d are the usual minute elastic ones, which are
neglizgible,

In the determination of diameters of bolts and
the specification of tightening procedures un impdr-*

- tant exception can be ‘mada 16 this rule. This is

becanse shank yielding during tightening is not only
allowable — in most cases it is advaniageous, This
statement is explained in this  article. )

2. Retention of bolt load after yield at

tightening

Some student engineers fear that when a bolt
is tightened well beyond vield it loses the ability to
excrt a clamping force on the joint members, We
can show that this is not the case. In Figure 1 line
OYXU is the load extension graph for a bolt in a
joint and Lline OT is the load deformation line for the
joint members. We now imagine that tightening has
been taken well beyond the yield point Y and up to
a clamping force P where the bolt and joint member
conditions are those shown at X and J respectively.
After tightening, the joint members can only lose
compressive load by losing some of their compres-
sive strain, ie. by increasing in thickness. In order
to'increase in thickness they would have to push out
against the bolt and nut and so increase the exten-
sion of the bolt. This would require a pushing load
which would have to be maintained at least 2t levels
along the line XU. But the joint members cannot
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exert loads at these levels. They can only exert
loads at levels along the lower line XF, This is
because when their compressive strain decreases their
compressive load fills from J towards 0 and XF is
parallel to JO.

It could be shown by a similar argument that
the bolt of course cannot lose tension by squeezing
the plates. Squeezing of the plates requires an in-
creasing load (arrow G) whereas the bolt can only
excrt a decreasing load (arrow H).

Thus, apart from small relaxation losses, a
bolt tightened beyond yield is able to retain
its induced tension.

3. The performance of yield-tightenecj
bolts in service

When a bolt is tensioned by tightening, the

. shank torsion arising from thread friction make its

yield and ultimate loads lower than the correspond-
ing values in pure tension This is shown on 2

- theorctical basis in Figure 2. If a bolt were tightened

to the point X and then loaded in pure tension
gs a result of loads on its joint, the subsequent
relationship between bolt tensile load and boit ex-

- tension would follow the lines XYZ. (This agzin is

a theoretical representation, for a practical demon-
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stration of this behaviour see Reference 1). In other
words when the tightened and yielded bolt is sub-
jected subsequently to pure tension it is able to
behave elastically until its line of elastic deforma-
tion XY.meets the “Pure Tension” load extension
graph at Y.

Thus, under cervice loading on the joint, the
bolt is able to perform as though it had never yielded

at all. In fact it performs the same as a bolt with
a) anmtial load extension graph WYZ2

b) 2 yield point Y

€)  a tightening tension Y at a lower level than Y

If the service load 'S’ on the joint doss not
take the bolt beyond® the yield point Y and if the
ioin1 members do not separate, the bolt “feels” only
i small proportion of ‘S’, given by:

additional load on bolt =~:S—b—- X
b g v
where S = service load

b = stiffness of fastening
(load/deformation)
stiffness of joint members

(load/deformation)

j =

factor (< 1) governed by load appli-

x -
£ cation, see refercnces 2 and 3

® The case of a service load 'S' taking the bolt
beyond the yield point *Y" is dealt with under the
heading “Use of Yielding in the Design of Load
Indicating Feastenings.”
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Therejore, rightening bevond yield does not
effect the ability of the bolt to withsiend the
effects of subsequent service loading on the
Jjoint.

4. Advantages of tightening beyond yield

Tightening beyond yield is invariably synony-
mous with tightening to hizh levels of bolt pre-ten-
sion. High pre-tensions are good for joint perform-
ance because:

a) They give a substantial margin of safety against
jownt separation under scrvice loading. This s
important because; when joint separation is
prevented, the service loading is resisted mainly
by the joint members and only a small propor-
tion of it is taken by the bolt. If joint separa-
tion does occur the load taken by the bolt can
become dangzrously high, The resulting advan-
1age of high pre-tension 15 therefore an improv-
ed resistance to bolt fatigue.

b) The possibility that shear loads on the joint can
be wken by friction at the mating surfaces of
the joint members. This is particularly impor-
tant in structural engineering.

€} Resistance to looscning.

Tightening beyond yield also simplifies tighten-
ing methods:

d) Structural engineers in North America, the UK
and elsewhere use a “Turn of nut™ method of
tightering which simply involves a nominal
clamping torque followed by a specified nut
rotation which is high enough to ensure that
bolt yield occurs. By ensuring bolt yield the
necessary high bolt pre-tension is automatically
assured.

e) A skilled fitter can induce beneficially high pre-
tensions simply by sensing when bolt yield is
occurring.

f)  Electronic devices have been developed to per-
. form the same function as ‘e’

The practice of tightening bolts well into yield
has been advanced considerably in the North Ameri-
can structural engineqing industry which in the
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/), Q load™ by means of adaptors fitting on to
0, 24, '

early stages of structural bolting adopted the maxim
*“if the bolt does not fracture during tighteaing it
will not fraciure during subsequent service.” Apart
from difficulties due to hydrogen embrittlement ete.,
practice has proved this to be true, It also gets

2 good measure of credence from the experiment
illustrated in Figures 3 and 4. The bolts used were

1/4 inch UNC and had a pure tensile breaking load
of l9<§:) K}‘LZ.

The bolt shewn in Figure 3 had been tightened
until it was judged that the stightest additional
torque would break it {The necessary judgement
is gained by preliminary practice lightenings and
breakages.) The maximum axial load reached dur-
ing tightening was indicated by strain gauges as 14
kN. The advanced “necking” deformation in the
- tightened bolt can be judged by comparison with

the unused bolt shown alongside the joint in Figure 3.
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The assembly was subjected to a tensile “service
the screw-
®  ed ends of the joint members, as shown in Figure 4.
" This bolt (already in a condition where the slight-
£st additional tightening torque would break it) was
then able to prevent joint sgparation and resist frace
ture until the “service 1oad™ has reached 16 kN, Le.
84% of its strength in pure tension.
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early stages of structural bolting adopted the maxim
“if the bolt does not fracture during tightening it
will not fracture during subsequent service.” Apart
from difficulties due 1o hydregen embrittlement ete.,
practice has proved this to be true. [t also gets

2 good measure of credence from the experiment
illustrated in Figures 3 and 4. The bolts used were

1/4 inch UNC and had a pure tensile breaking load
of 19‘?:') KM_ 2

The bolt shcwn in Figure 3 had been tightened
until it was judged that the slightest additional
torque would break it (e nevessiary judgement
is gained by preliminary practice tightenings and

|
Q W breakages.) The maximum axial load reached dur-
7A/0$ ing tightening was indicated by strain gauges as 14

kN.  The advanced “necking” deformation in the
tightened bolt can be judged by comparison with
the unused balt shown alongside the joint in Figure 3,

* The as§embly was subjected 1o a tensile “service
1oad” by means of adaptors fitting on to the screw-

ed ends of the joint members, as shown in Figure 4,

" This bolt (already in a condition where the slight-
est additional tightening torque would brezk it) was
then able to prevent Jjoint separation and resist frae-
ture unul the “service load” has reached 16 kN, Le.
84% of its strength in pure fension.
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5. Use of yielding in the design of load indi-

cating fastenings

Having shown that yield is allowable in the
shanks of bolts it follows that it is also allowable in
other clements of the fustenings i.e. the bolt head
. (reference 4) the washer and the nut. Some manu-
facturers have taken advantage of this to design load
indicating devices. By properly propbruoning the
yielding section of the fasiener e¢lement it can be
made to yield at any desired load level irrespective
of the yield strength of the bolt shank. The amount
of yield movement can be gauged or measured to
inspect that the desired load has been reached. In the
better designed devices a considerable yield move-
ment can occur at substantially uniform load and
this removes the need for critical inspection methods.

Generally the yielding sections of these devices
are not subjected to heavy shear stresses arising from
thread friction torque. Consequently, under tensile
service loading on the joint, elastic movement of the
kind shown by XY Figure 2 may not occur and so
the behaviour is then described as follows where, as
an example, we will refer to a load indicating nut of
the type shown in Figure 5. (Reference §). Under
full tightening the section V yields and the resulting
graph of bolt tension against deformations of bolt
plus nut (measured over dimension L Figure §) is
shown as OYZ in Figure 6. If the tension induced
with yielding is P, the conditions in the fastening

-f362"
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L)
and in the joint members well be as shown by A and
J respectively. When a tensile service load S is applied
to the joint, both lastening and joint members will
undergo the same displacement x and the new con-
ditions in the fastening and joint members will be
as shown at B und K respectively,

When the service load S is removed the fasten-
ing recovers elastically according to the direction BG
(parzllel to YQO) and the joint members recover
according to the direction KJ. Equilibrium is reach-
ed with the clamp load at the level of point D. This
point is found as the intersection of BG and AC
which is drawn parallel to JO. )

With repeated applications of the service load
S the conditions in the fastening fluctuate between
D and B and thers is no further yielding. The effect
is the same as a fastening with (i) the pre-load at
the slightly lowered level of point D and (i) the
ability to undergo deformation elastically up o a
point B, :

After the first application of the service load
on the joint the fastening is able to behave
-entirely elastizally,

Severaladvantages are obtained when the fasten-

ign is designed 1n this way, ie. with yield occurring
in the nut, washer, or head rather than in the shank.

1. According to the formula already given: 2 reduc-
tion in fastener stiffness reduces the fatigue
loading to which the bolt is subjected under
repeated joint service loads. The example being
considered here gives this decreased stiffness
because the deformability of the nuts adds to
that of the bolts; ie. in Figure 6 line OY is
less steep than line OX.

2. Any desired level of bolt pre-tension can be
obtained irrespective of bolt yield strength.

3. Although the “turn of nut™ method is simple

" to use, subsequent inspection for correct bolt

tension can be difficult. In the present example,

this inspection is easy and only involves a non
critical gauging of the nut height,

4. Yielding in the shank is sometimes undesiz-
able, e.g. when repeated tightening is anticipat-
ed, when the external threaded fastening is a
stud, etc,
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6. Conclusions
A Overyiceld tightening means a low factor of
safety during tghtening but a high factor of
safety in subsequent service.
B Tightening below yield means a high factor of
- saflety during tightening but a low factor of
safety in subsequunt service,

Tightening conditions are known, under control,
and the results can be seen: service conditions are
often unknown to some extent.

‘Therefore, ‘A’ is preferable to ‘B
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[Transtator’s comment]

At the 11th plenary meeting of ISQ/TCI held in
Stockholm, the translator has asked Mr. Emanuelli
(head of delegation from U.S.A.), Mr. Gill (delegate
from U.K.) and Mr. Hens (head of delegaticn rom
Netherlands) to write their articles for our journzal.
The first and second manuscripts were sent from
Mr. Hens and Mr. Emanuclli respectively, and have
been published in the October snd November issues.

The third manuscript was sent from M Gil,
and has been published in the present issue, Mr, Giil
is the head of technology services of GKN Fasteners
Ltd. in England, and he is the active member of TC]
and TC2 of ISO, especially the chairmen of TC1/
SCS (I. Yoshimoto)
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