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CALIBRATICN AND INSTALLATION OF HIGH STRENGTH BOLTS

1

Robert A, Bendigo™ and John Lo.R'umpf2

SYNOFSIS

For the purpose of this rerort bolt célibration has
been defined as the relating of internal bolt tension to
some other readily observed gquantity; e.f., bolt used in
these investigations vere ASTM A-325, This report is in-
tended to review the need for bolt calibratlion and available
prodedureso to discuss the'proeedure used at i.ehigh9 and to
present 1nformation'on the turn-or-nut method for installing

high strength bolts,

1. INTRODUCTION

'191 General

.'Iﬁ structural Joinﬁs connected with high strength
boits it 1s generally assumed thet working loads are resisted
5y frictional forces acting on thg faying surfeces of the
conneeted materialo These forces, in turﬁ9 are created by
the internél tension induced in the bolt as the nut is tight-
ened against the materiaio According to the claessieal theory

of atatic friction, the value of these frictional forces depends
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on two things: <the coefficient of static friction and the B
norhal forcea‘ This normel force corresponds to the ‘ntermal
tension or fclamping“ force of the individual bolts which go
to make up a bolted connect.ion° '

When a bolt ie tightened in an unloaded Joint, it
pbssessas a specific internal tension, As load 1s applied
to the joint, however, this internal tenslon changes because
of changes in the grip length as the'grippéd material deforms
under load, Thus, if éne‘wiehed to evaluete the slip
characteristics of a bolted connection, re first mugt know
the initial clamping force (T1) exerted by eech bolt in the
ﬁattern, Assuming that this informetion has been recorded,
there still remains the problem of knowing the static coefficient
of friction between the connected plies, Onme could, by
experiment, evaluate a nominal coefficient of friction of a

joint in single shear in the following manner,

. . B _ B
ﬂhm=ks'¢"‘f'sf ni |

In this expression Ps 18 the external load on thé Joint
at slip; n is the nurber of the bolts in the patternm; T4 is
the weighted value of Ti, the initial blamping force,

If bolts are tightened into the elastic-plastic range

where tension-elongation curve is relatively flat, then:

Bl T

In this case, Ty (avgo) is the value read from the
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tension-elongation curve by entering with the average bolt
elongation (e avg.) and reading off the corresponding bolt
tension. Therefores
F ()
n x 7Eenqg

ks’ip =

However, due %o the change in intern»l tension as
external load is aprlied to tre joint, tkis coefficient of
frictibn_is by no méans the exaet'e@@f‘f'ﬂ.eient° I the exaet
coeffi@ienﬁ of friction is desired, ome must know the history
-of the bold ténsion 80 that'the_clamping force 2% the instant
of slip is known, In this case,

+
i

= -—s———---., (2)
3

where Tg is the bolt tension at the instent of slip. This
connot be simplified in the menner of Eq. (1) because, in
bolted joints, some bolig relax more under extgrnai loed
than others, depending on their locatibn in the joint.

It is evident then thet there may be some variation in
reporting cbefficients of friction depending on when and how
the internal ténsion measﬁrements are made, Because of the
difficulties in divising eduipment'that.ean record ali bolt
tensions during the 1life of a test joint, investipators have
generally repcorted the coefficients based on the rather easily
determined initial clamping force, Such coefficients have

been called “apparent coefficient of friction", "nominel
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coefficient of fricticn® ane"siip coefficient™, in orcer
to'indicate their ficticious neture. Thre latter expression,
8lip coefficient, is probrbly the best one becéuse the
others, through shodéy usrge, can easily be contracted to
“"coefficient of friction“.' |

» Heving dixmissed the question of when to measure
bolt tensicn the cuestion of how to measure it still remeins.

1.2 Bolt Celibraticn Relationskips

It is by merns of a bolt calibreticn curve that the
tension in bolts instelled in structurel joints crn be
estimrted once the rcadily observed quantity is meacured.
There r~re e.number of different quahtities to which the
internel tension mry be releteds

a) Internsl Tensicn vs, Toroue

b) Internsl Tensicn vs., Elongation

¢) Internal Tensicn vs. SR=4 Strein Gnée Output

d) Internal Tenslon vs. Logd Cell Output

e) 1Internal Tensicn vs., Turn of Nut
Eagh method presents its owm rdventeges end disadvanteges,

Tension vs, Toraue

Turning a nut against the resistancé of gripped
meterial induces an Interncl tensicn in a bolt. Turning
of the nut requircs epplication of a torque bettause of thread
friction end friction on the bearing surface of the nut;.
It is possible to relate the induced tension and the

applied torque es messured by a toraue wrench snd a number
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of investigators heve done so for the high strength
“structural b01t(162:3), pecruse this relectioniddpends.
so much on the condition of the surface of the threads,
nuts, and washers it is subject t0 2 wide variétionQ
Nevertheless, the 1954 specificction of the Reserrch
Council on Riveted and Bolted Struectural Joints(a) listed
~a table of equivalent torques ag a guide to proper bolt
"tensions,

Experience in the field ﬁse 6f bolts has confirmed
the erratic nature of the torque~tension relation. As a
result the 1960 specification of the Research Council(S)l
- now reculres thet the impect wrenches relying on torque
control ",..shall be calibrated by tightening, in a deviee
¢apeble of indiceting actual boli tension, not less than
'{hree typical bolts from the lot to be installed", When
bolts from different lots ere to be tightened the wrench
must be recolibrated,

Despite the shortcomings of this type of control
the inspector must res%ﬁﬁwto 1t for want of 2 better method,
The’1960'specification(S) recuires that the inspeciors’
manual torque wrench be cezlibrated in a fashion similar
to above,

Tension vs. Eloneation

A tension»elongation relationship has been used by
many 1éboratory investigrtors. The method consists of
stretching the bolt by some controlled load and measuriné

fhe resulting change in lensth with ~n extensometer, 1IT
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the bolt is to be tightened in the elastic renge only,
each bolt may be calibrated individuelly before installetion
in the connection(6)o If bolis are to be tightenéd into
the plastic range it is necessary to develop 2 tension-
alongaﬁion curve for typical bolts of the lot and to
assume‘fhat bolts installed in the econnection follow the
seme curﬂve(ﬂ°
4 With properly designed instruments, accurste elongetion
readings are not difficult to obtain, The extensometer
must be capsble of indiecating changes of ,0001" in order
{0 be éuccessfulc As knowvn losds sre applied by a loading
device, corresponding elongations can be recorded to
ultimete load and beyond., This is quite simple laboratory
procedure,

In the field, however, it would not be feasible to
measure the zero length of each bolt and, even more dif-
ficult, the final length of the installed bolt, Since
the correct interna1 tension is a function of the chenge
in length of a bolt, this tension-elongation relationship
has no practicel field applicaticn,

Tension vs, SR=4 Strain Gege Output

Another method for celibrating bolts im to rmount
SR=4 straln geges on the unthreaded shank of the b01t(29899)°
This method probebly is restricted to laboratory use, for
vhen used in connections, it requires the use of oversize

holes to provide clearcnce for the geges and the bolt heads
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wuat have smail holes drilled in them to acCommodaté the
lead wires, If the shank 1s stressed into the plestic
range the SR=4 gage loses 1ts effeetiveness,

Tension vs. Load Cell Output

- The load c¢ell is 2 cylindricrl piece of steel through
vhich the bolt is inserted. Dimensions of the eylinder
ere chosen so that the cell remains elastie under o1l
conditions of bolt tension. SR-4 gages ere mounted on the
outside of the load cell rather than on the bolt éhanko

The load ¢ell has proven useful in studies of bolt

relaxation over a period of time‘lo)@ When used to control
tensions in bolted connections it has the disadvantage of
regiring a bolt longer, by the length of the cell, than
hormally used for a given grip., Thus, 1t is strictly a

leboratory device.

Tension ve. Turn»OfaNutA‘

As & nut 1s tightened egeinst the resistance of the
eripred metcrial the bolt iength within the grip is forced
to elongate, Theoreticaily, if the threads are rigid,
one complete turn of the nut will cause the bolt to elongate
one piteh, Actually this is not ocuite true because of
thfead deformetions thai occur. It is possible to determine
' experimentelly the relationship betueen the amount of
rotation of the nut end the elongation of the bolt or, the
tenéibn in the bolt, |

The first turn-of-nut method developed for the
structural eprlication of high strength bolts(ll)advocatgd'

one full turn from finger tight. A subsequent version
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of this turn-of-nut 1dea(12) uses & one-half turn-of-nut
from 2 "snug" position, .
Controlling tension by the turn-of-nut is essentielly
e strain control and the effectiveness of the method
depends primarily on three factofss
(15 The consistency of the starting point

{(2) The accuracy to whieh rotation increments are
measured ‘

'(3) The amount of tension desired

If the first two of these contributing factors. sre
carefully controlled, desired tensions can be obtelined
wifh accuracy in both the eiastic end plastie regions of
a bolt’s stress life, However, when one aicepts the idea
that high bolt tensions-=-into the plastiec region-- are desired
and are not detrimental to the performance of the bolts_under
load, the réal merit of the method appeers, In this
region the load elonéa%ibnlcurve is relatively flat and
verictions in elongation reéulting from lack of control
of items (1) and (2) result in small tension variations,

It is for this reason that the turn-of-nut method is a
fFood field prccedure for controlling bolt tension,

The number of bolts to be erlibrated was cquite large
in view of the over-21l plans of the project 2t Lehigh
which includes the use of bolts of numerous lengtihs and
diameters, The need, therefore, was‘for'a direct and simple
procedure for eccurate celibration., The testing ecuipment
and instruments hcod to be long range ltems which would.

dependably produce similar results over a period of years,
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After studying and considering each method of bolt c"libration

it wae dcelded to install bolts by the turn-of-nut method
and to check the tensions by calibration curves established
by the tension-elongation procedure, Since the turn-of-nut
procedure(l@)was used in bolting the jointsD continuous

| readings of tension during tighﬁening were not necessary;
theréfore, the tension~elongation relationship wes éctuelly
best suited for ealibration and, subsequently9 Tfor deter-
mining changes in length and the resulting tension of each
bolt in o large joint,

1.3 Methods of Induecing Tension

To induce anrinternal tension in a bolt, it isv
necessary to stretch the bolt in some way,‘ This can be
accomrloshed by'subjecting the bolt to a direct axial 1o5d
(@irect tension) or, more realiétically, to cause the bolt
to elongrte by turning the nut ogainst the resiétance of
gripped metefial (torqued). This latter method more closely -
simulates the actual field conditioh where Bolits are
usually tightened with a pneumetic impect wrench,~ It hos
beén.reported that tenslions induced by this method are
ultimately lower than tensions Induced by a direct axlal
pull on the bolt, Ho.O, Hill( 13) reports that when bolts
(.15 to «24% carbon) were pulled to failure by tightening
the nut, the ultimnte strengths in tension_wefe reduced
to about 627 to'75ﬁtéf their values in pure tension,

The direct tension méthod, on the other hend, is
better suited for 1pbofatbryfwork, For this resson, the
ASTM-specification'governing A325 bolts stipuleates that

direet tension type of test., 1In summaryy.thens vhile
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torqued calibration best simulates acturl field scnditions
which would be encountered in bolts installed in the field,
the direet tension method 1s best suited for laboratory
and control testing, Both proeedures have been investigeted

in the tests eonducted at Lehigh.
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2. MATERYAL AND BEQUIPMENT

All bolts used in the bolt calibration work at Lehigh
weﬂe ASTM AeBQS high strength bolts with quenched and |
.tempered washers and heavy semi-finished hexagon nutso._The
bolts testédfincluded 7/87, i*, 1 1/8" diameters ranging
in length frém 5 1/2 inches %o 8 1/2 inches under head and
were tested at grips‘bf L, 4 3/47, 5147, 6" and 6 3/4".
Thread lengths we e determined according to the recommendations
of the 1954 specificationg however, a few full threaded end

other non-standard bolts were tested;

212~PPeoaration“ofMTest_Bolts

The first step in the preparatidﬁvof test bolts
conéisted of 1dentifying each bolt. A,loé designation and
a bolt number were stamped on the head»énd shank endé° In
this,mannep each bolt of the lot was positively ideht;fiade

A second_and most import&nt.preliminary operation was
center drilling holé@jin the center of the head and shank
eﬁds'to accommbdate the pointsvof the C-=frame éxtansometer.
The center drilling was done with a combination drill and
countersink so that the depth of the countersunk portion
was-between 1/32" and 1/16". For each bolt, these center-
drilled holes provided a constent point of contactﬁ%ith the
 extensometer tips thus remov;ng a major source of efror.
The included angle of the‘countersunk portion of the center-
drilled hole wes greater than the included angle of the |
extehsometer_points. Thus, the point of contact between

the bolt and thé'tips of the mgasuring device was the inside
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edges of the countersink and not the bottom of the hole.
This provided a protected measuring surface which ecould
mot be damaged during the impact bolting procedurs. No
attempt was made to provide sach bolt in a certain lot
with a constant length under head sinee one need only
be concerned with change in length to determine ths
elongation of a bolt.

quipment Used -

In the direct tension phase of this study, a 300k
hydraulic universal testing machine was used to induce the
internal tension in the bolt. In order to use the testiﬁg
machine, special tension grips (Fig. 1) were nesded. These
were designed for ioads up to 120k with the center holes
zlavga enough for testing 1 1/8¢ bolgﬁ} Bushings shown in
«froﬁt of the grips were designed to modify this center hole
to accommodate 1" and 7/8" diameter bolts with the usual
cléarance of 1/16". '

The Skidmore=Wilhelm bolt calibrategla)was ugsed to
measure internal tension in the torqued qaiibration series
of tests. In actual field procedure a bolt is inserted
in the device, being held in place by changeable bushings .
and plates so that one calibrator can be used to adjust
wrenches on & number of different bolﬁs sizes. Tightening -

the nut transmiﬁ&Apréssure through the hydraulic load cell
to a calibrated gage indicating bolt tension in pounds.
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When the turn-of-nut method is used to install
bolts, the Skidmore-Wilhelm device is necessary only for
calibrating manual torque wrenches used for imspection
purposes and to insure that the required amount of turn
is obtained in a reasonable period of timeo

Pigure 2 is 2 photo of the Skidmore-Wilhelm calibrator
used in the torqued calibration tests. To &ccoﬁmodate the
C=frams extensometer used to measure slongation the
.'calibrator was used in the horizontal position which is
contrary to usual field procedure. Accuracy of readings
was insured by the calibration of the device in a testing
‘machine before and after testinngig 3)F'r-'om the resulting
. eall ﬁ@tién curve 1% was evident that for this particular
Skidmors-Wilhelm calibratop the load was approximately 3
kips lower than the testing machine load at any point on’
the curve., The curve was established by continucus loadingé
points on it were substantiated by rapid loading to simuléte
what happens when the nut is tightened to one-half turn
in approximately 6 seconds. _

Figure lj shows the extensometer used in the tests
at Lahighe Measurements were obtained from the diai gage
which was capable of indicating changes in length of .0001".
As stated previously, the tip of the dial plunger was made
So that the point would not rest on the bottom of the center
drilled holss. The'pointed tip at the other end of the frame
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was threaded and provided with a knurled lock ring so that
it could accommodate & minimum tip to tip length of 5§ 1/2¢
and a maximum length of 9 1/4°. In addition, a counter=
welght was attached so that the instrument would balance
in the vertical position when mounted on a bolt. In measuring
ﬂni;ial and £inal lengths of bolts, readings were considered
acceptable when three consecﬁtive trials agreed within .0002%,

' The impact wrenches used were Chicago Pnsumatic 610 -
and Chicago Pneumatic 612." The larger wrench, capable of
exerting more energy, wag used to torque 1" and 1 1/8" bolts.
Hypodermic pressure gages were uged to check the alr pressurs

in the line at the wrenech.
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3. DESCRIPTION OF TESTS

3.1 pDirect Tension Calibration

Since all the bolt caiibr&tion work done at Lehigh has
been in the form of control tests for the Large Bolted Joints
Project, ali bolts were tested with grip distances corresponding
to those of the large joints. Lingle bolts were pulled in temsion
in é testing machine while elongations were read using the
C-frame extensometer. Figure 5 is a typical view of a bolt as
it wés being tested.

The procedure for obtaining a direct temsion vs. elongation .
curve wag as follows: The boit to be calibrated was selected
and centerxdrilled. It was then inserted in the special tension
grips in the testing machine and thé position of the ceaéing
machine head set so that, at the required grip, the nut wés
only finger tight and the bolt was unstressed. Zero readings of
.eiongati@n wvere taken with g§_;oggzon the bolt. Load was then
applied to the spécimeé inifive kip increments to the specifi-
cation value of prood load. At this point load was removed
in increments to zero. .Ihe bolts were then measured a second
time at zero load to insure that the permanent elongation did
not exceed the specifiéatién maximum of .0005"., Having checked
the proof load requiﬁemancs, testing was resumed in similar

increments of load while in the elastic range; elongation
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increments were used throughout the generally flat strain hardening

range.
3.2 Torqued C&libr&;ion1

The primary objective of this series of tests was to
establish tension-elongation xelationships caused by turning the
nut réther than by pulling the bolt in direct tension. Curves
of tengion vs. elongation were eét&blished for 7/8", 1" and 1 l)a"
diamete: bolts of various‘lots. Initial elongations were me&sured;-
with the exéensometer{at &‘snugging load of 8%, This load was
chosen to simulate the "snug" position of the turn-of-nut
method. Through experience this simulated snugging temsion was
adopted as baing a good approxim@tion of the temsion induced
during the rather arbitrarxy snugging operation. Using an
impact wrench, the nut was rotated.in 45 degree increments of
turn., Load and elongation readings were recorded at each increment
until failurxe occurred oxr until failure was imminent. .

Secondly, there was & question as to how & bolt which was
elongated by comtinuous torquing wouid compare with the curve
establishéd by 45 degree increments of turm., Aa impact wrench
was again used to continuously turn the nut a predetermined
rotation increment. Rotétion increments of 1/2 turn,l turn
and 1 1/2 turn were chosen. This procedure also served the

dual purpose of checking the effectiveness of the turn-of-nut



method in achieving specified bolt tensions as well as comparing

the ﬁniﬁormity of tensions in a number of bolts.

303 Re-Use bf.ﬁigh Strength Bolts

A thixrd portion oﬁ the tozrque calibxécion program was
geaign@d co-imvestigate the possibility of re-using high
égxengch bolts which had been prgvi@usly tightened accoxrding tag, .
thé turn-of-nut method., First, é 7/8" diameter bolt wés torqued
in 45 degree increments of rotation from a snugging loéd (Tg)
of 8k, ‘Load eand elongatién readings were taken at each B
increment and represent one point on the graph., After being
tightened one-half turn from the éhug position, the rotation
of -the nug W@é reversed and load removed to simulate the
removal of a uséd bolt_in the field, After all load had been
removed,:the snugging ioad was reapplied aﬁd the nut Qéé'once
more rot&ced-ﬁhroﬁgh one-half turn. In thié manner éh@ same
bolt was torqued to_oneéhalf turn from the snug poéitionia
cotél of seven times whereupon rotation was COmtinued'cé
failure. Load end elongation re&dings were recordéd throughout
énd furnished & complete test history.

This same procedufe was used to test a second bolt from the
game lot except that, in this test, one'cmmplete turn of mut was

ugsed rather than one-half. Again, a complete hiscory of the test

was recorded.,



L. TEST RESULTS

A total of 110 bolts were calibrated. Thaé@ represent
thirteen different lots‘and three diffarent diemeters. The
groatest portion of the work was conducted with 7/87" bolts.
Most of the bolts weré closévto the minﬁnm strength specified
by ASTM- A 325. Bolts of the Q=W lots inclusive were
.actﬁally from the sawme lot insofar as stesl and head treatment
were concexvnedn but theﬁ wore given different letter .
.d@signatibns because of theAéifferent lengths of bolts snd of
thf@@ﬁa- Thé Q-W bolts had cut thregds while all othor bolts
had rolled threads. |

Figure 6 i3 a table showing the results §f the entire
polt calibration study inecluding direct tension énd torqued
calibratio@ control tests on sach lot of bolts. Typical
dipect tension and torqued calibration curves of tension va.
"eloﬁgation for the thres size bolts included in this study
are shown in Fig. 7. and ﬁig, 8 rgspectiﬁélyo

In additioﬁ to éhe tezt results shown in Fig 6, single
B-lot bolts w@re:tested aﬁ é@ip lengths of 3 S/Bﬁ and 3 1/2%
so that the lengths of thread in the grip were 1/4" and 1/8"
respectively. For the 3 5/8" grip bolt ultimate load was
h9a5k while rupture occurred at an elongation of .16";4f0r'
the 3 1/2" grip bolt, ultimate load was L7.5" vhile rupture

.oceurred at an elongation of .157.



5. ANALYSIS OF RESULTS

Tsrgued Calibration

B e

5.1 Direct Tengion vs.
Figﬁre 9is a t&picalvcurve comparing the load-elongation
properties of direct tension end torqued calibration for
7/8" B-lot bolts. In this, and all other lots or'bolts,
the method used to induce the internal tension in the bolt
had no effect on the teﬁbioneélongation relationship in the
elastic rangs. Beyond the proportional 11m1t,‘however, a
'difreregcé in strength is éppar@nf. The difference in
ultimate strength rangsd froﬁ 5% to 25%, with an average
decrease from direct tensicn ultimate of approximetely 11%.
It is also interesting to note the difference in total

| elongation which occurs when bolts are torqued to failﬁre.
The slongation at rupture for bolts of thé torqued calibration
tests were from 20% to 60% less than the rupturs elongati@ns
regcorded during direct tension calibration.

- Thus turning of the nut to prbdueeAfaiiure reduces
- the amount of tension that can be developed in cdmparisbn
with that developed by a direct tensile load. The apparent
reduced strength results from the different stress condition
present when the bol§ is tensioned by turning the nut;and
in no way indicates a deficiency on the part of the bolt.
Frictional resistance between the nut and bolt threads
transforms some of the applied ehergy' into torsional shear

stress thus changing the tension-elongation relationship.



Evidently, this frictional resistance between the bolt and

nut thre&dslbecomes eritical when the material of the

threaded portion of the bolt is stressed Eeyond the propertional
1imit and takes on plastic deformations which causs thread
binding. Below the proportional limit thread deformations

are small and the tension elongation relationships are

the same for the two method of calibration,

Test reéults from fhirty 7/8" bolts having grip lengths
from lj inches to 6 3/4 inches (lot Q, T, U, V, W), indicate
that the grip length has no appreciable effect on the tension=-
elongation characteristics of the boltas. These bolts had
1/2Ito 3/l inches of thread in the grip. ‘A close sxamination
of Fig. 10 at prbqf load reveals that, while the bolt is
still elastie, the emount of elongation 1s directly related
. to the length of grip. (The exact figures are tabulated
- in Pig. 6). This is true for both direct tension and torqued
'calibrétiqn. As the tension ié increased beyond proof load,
the threaded portion behaves plaétically while the shank
remains essentially elastic; therefore, most of the additional
elongation takes ﬁl&ce in the threads. This plastic de- |
formgtion of the threaded portion beyond proof load over=
shadows the relatively small elastic élongations which occeour
in the bolt shank. For this reason the direct relationship
between grip length and elomgation no longer holds true
with loads greater than the proportional limit.
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gth

From the previous discussion it would seem logical
to asfume that since most of the elongatibn occurs in the
threads, the length of thread in the grip ares will have
a marked effact bn the tensidhéelongation relationship.
This is the case (PFig. 11)9 Notice in the photo (Fig. 12)
that in the case of the full-threaded bolt, necking is
epparent through out the entire grip length; in the R-lot,
which was threaded through approximately half of the four-
inch grip, one can sea distinctly that all appreciable
necking'has taken place in the threaded portion only.

- Therefore, most of the elongation which octurs as the bolt
is stretched beyond proof load takes place in the threads

within the grip. In the torqued calibration tests involving

thread length affects, single B-lot bolt tests with /48

aﬁd 1/87 of exposed thread in the grip were superimposed

on the torqued calibration curves of the Q, R, aﬁdls lots
(Fig. 13) %o determine whether small lengths of ex%@sed

 threads will effect the tension-elongation turn of the nut
relationship sufficiently to 1limit the application of the

. turn-of-nut methgd. From the resulting curve it is evident

that with as 1ittle as 1/8" of thread in the grip, maximum

~ elongations of approximately 0.1l4" were obtained at 1 7/8¢

turn-of-nut. By way of comparison, bolts with 3/L4" of

thread in the grip fraeture'at'from 2 to 3 turns from snug.
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| The points marked on the curveé at approximately .025“
elongation indicate one-half turn<of-nut from smug and
illustrate the margin of séfety againgt rupture for
bolts having varied smounts of thread in the grip. Since
the direct tension ultimét@ strength of the B-lot was
epproximately the same as that of the Q, R and S lots,
‘these eurves may be compared directly.

In standard ersction procedures the bolé tensian can
be economically induced by the turn-of-nut method.
The torquéd calibration relationship, then, best simulates
the actual condition of bolts instelled in the yield.
Figure 1), is a curve constructed from the data dbtained by
‘torquing several Z-lot bolts continuously to 1/2 turn,
1 turn and 1 1/2 turn respectively from the "snug®
pogition. These points were located on the average
torque calibration curve of the Z-=lot, obtained by hS‘ '
degres increments of turn, and the scatter of these
points was then represented by eross-hatched zZones.
Notice that tho turﬁ=ofenut procedure of first drawing the
plies into:contaét with the impact ﬁrench and then turning
the nut onthalfvturn induces a tension in the bolt greater
than the predf load. In fact, for this particuler lot of
bolts, the tension induced by the one-half turn-of-nut
mtehod was approximately 30% g?eater than the specified
proof load. o |
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" 'The one turn-of-nut zone falls approximately at the
ultimate strength of the bolt. This zone is somewhat
higher than would be a zone for one turn-of-nut from a
finger tight positién, the tightening pr&cedure used by
some erectors. | | N

Figure 15 1s a bolt tension distribution chart plotted

for six bolted buft joints tested at Lehigh University(7).
Ihfbrmation gnthéred in this calibration atudy was used to
plot the average ténsionaelongation curve. The bolt
elongation histograms below were plotted to the same
abscissa as the load slongation curves to show bolt temnsion
distribution throughout joints assembled using the 1/2 |
turn-of-nut method. It 1s important to notice here that,
despite the apparent scatter in elongations, 1;ttle difference
in bolt tension 1s. found when the elongations are projected
up to the calibration curve}' This 1s due‘to the fact that
the turn-of-nut method causes the bolt to deform beyond
the elastic range into the relatively flat elastic-plastic
range. Théﬁefore a consideréble variation in elongation
results in relatively small variatioﬁ#iﬁfiﬁduced'tension
or clamping force.  Similar distribution charts plotted
for other%iggg%xjoints'in ﬁhe Léhigh project reinforce
these findings and.attest to the rellability of the turm-
of-nut method. . 7
Accordihg to a suggested procedure for the turn-of-nut

(12) | )
method 3/4" and 7/8" bolts used with grip lengths of
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betwsen five and %ten inches and 1", 1 1/87 and 1 1/4"
bolts with eight to twelve ineh grips should regeive
3/, turns from the snug position rathor then the customary
1/2 turn. This requirement is intended to insure, beyond
'a doubt, that en adequate margin of safety against
insufficient internel tension is achieved. Figure 16 is
a plot of tension e#pressed as a per cent of proof load
vs. grlp length in inches for a 7/8" bolt. Notice that
a grip of as largs as 6 3/hW'(tha larges® included in this
study) the internal tension_ét ona=half tuﬁn of the nut
~ 1s 8%1ll 112% of proof load. Moreover, it was found that
the average percentage of proof load at l/2 turn-of-nut
for all grips tested was 115%. For ganeral 1nterest the
same comparison was made at 3/4 turneofwnut. In this case
the average internal tension for all grips was 1304 of
proof load. Ultimate load, occurs at approximately 1419

of proof load. Thess figures indicate that the portion of

the.turmwofanut method controlling the increased amount of B
rotation'for 7/8“ bo1ts‘having grips of greater than 57
'is conaservativi. All bolts used in these comparisons
were from the seame heat a8 well as heat treatment and
exhibited similer materiel properties. The snugging -
tension was 8. Measuramsnté of bolts in an 8 ply
~structural joint aftér snugging have gshown internal
tensions to be as great as lsk (Fig. 17). These facts
1llustrate that using 3/l turn of the nut for 7/8" bolts
. with grips greafer than 5% may be a practice which 1s
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unnecsssary. However, tests of large joints have shown

no detrimental behavior due to this degres of tightening.

p _Coefficient

The slip coefficient of a single lap joint has been
defined aass |

R

n x Ticasy)

Ky =

Iin section Lfi it was stated that]reportéd values of
"coefficient of friction" very depsnding upon when the
internsl tension measurements were taken and also on the
procedures used for establishing the calibration relation-
éhips. Thepéfore, if one useszﬁhs slip coefficient.rather
than coefflcient of friction, the only further qualification
necessary would be to state whether a direcﬁ,tension or
torqued calibration curve had been used to determine Ty(avg.).

5.6 Clamping Fores _
It has been pointed out previously that the torqued

calibration procedure simulates actuml field conditions

more closely than the-ﬂirect'ténsion procedure., Figure 18

is a non-dimensional plot of induced tension at any particular
turn-of-nut (Ta) divided by ultimate tensionv(Tu) vs. elongation
at any particular turn-of-nut (éa) divided by elongatibn

at failure (er). Values of ultimate tension and elongation
at'rﬁpture_were taksn from average torqued celibration

curves for bolts of the same lot. Data used to plot this

curve was compiled from torqued calibration tests of four
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different lots of bolts including 7/8", 1" amd 1 1/8"
diémetersd In the shédad portion of the curve correSpdhéﬁﬁg
to one<half tumaofé-nut, although the tension :m the bolt.
is 90% of ultimate, less than 1/5 of_the totalﬂeldngation
has bsan utilized‘in'attaining this 90%70f_availabie clamping .
forée. By a similar éémparison;’oné full tuﬁn of ﬁut'ubuld
induce mgxiﬁum tension in a bolt while using appréximately
half the total available elongation. Thus in order to
achieve & 10% increase in clamping force the factor of
safety against rupturing the bolt dwring tightening is
reduced from 5 to 2. | |

, .The clamping.force at one=half turn-of-nut from the
snug position méy'be.apprOXimﬁtad in the following way.
The average "reéuetion in strength"” due to torqued calibration
(Fig. 9) 1s 10.7%. In addition, the tension in & bolt at
one-half turn-of-nut is epproximately 90% of the torqued
ultimate which corresponds to a further decrease in direct
tension ultimate of 8.23%. Thersfore, the clamping force
in a bolt which is torqued one-half turn after snugging can
be approximated &s 80% of the direct tension sultimate load.

Figure 19 shows the complete test history of a 7/6"
A 325 bolt which was teéted according to the load-unload-reload
procedurs described in Section 3;3. Load was épplied a total
of seven times without bolt failure although each subsequent
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loading tendéd to decreass the factor of safety against
failure. In Fi sy
except that load increments were established by full turns

of the nut rather than the specified one-half turn. In

: . . N .
20 the same test procedure was used

thls case, the factor of safety against failure for any
siﬁnlated number of installations was greatly reduced

since the bolt failed after 3/8 turnaoffnnt in the fourth
loading sequence. . In view of these few limited tests, 1t
seems entirely safec to re-use high strength bolts installed
according to ths one<half turnmofcﬁut procedure provided

the stress history of the bolt is known and the installation
‘well controlled by field inspection. The number of times
a bolt could be re-used would then depend on the factor

6f safaty requirsd for the case in question.
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6. CONCLUSIONS
The following concilusions are bésed on observations made.
from test vesults of 110 high SCrength bolts having 7/8'', 1"
and 1 1/8" diameters and varying from 5 1/2” co 8 1/2% uﬁder'
head. |

L. Wnem'interﬁal tensions are induced in a bolt by
turning the nut against the resistance of the gripped
material, both the ultimate strength and the potential
elongation are less than would be obtained if the internal
tension were induced by pulling the bolt in direct temsion.

s Ultimate strengihs are approxinateiy 11% less than
direcﬁ tension ultimate strengths, and the elongaﬁions
- at. rupture are 20% to 60% less than the eléngations
at rupture in direct tension calibration.

2. Grip length has no appreciabe effect on the tension-
elongation characteristics of high strength bolts
beyond the proportional limit of the bolt (Fig.l0,16)

3. Most of the elomgation which occurs as bolts are
ténsioned takes plaée in the threaded portion within
the grip. Therefore, thread length in the grip area,'
and not grip lemgth, is chiefly responsible for increased

“elongaticns (Fig. 11, 12, 13).
4. The turn-of-nut hethod fof installing high streangth bolts

produces adequate and consistent bolt tengions. The
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three-quarter turn stipulation of the turn-of-nut
method for 7/8" bolts with grips greater than 5 inches
is more than it need be; it is not, however, &etrimencal
to the performance of bolts installed according to this
recommendation (Fig. 14,15;16,17,18);

The clamping force in a bolt which has been pfoperly
installed according to the turn-of-nut method can be
approximated as 807 of the direct tension ultimate

load (Section 5.6).

It appears safe to re-use high strength bolts which
previously have been properly installed according to

the one-half turn~of-nut procedure as long as the same
turn-of-nut is used for subsequent installations. For
erec;ion purposes bolts installed in this way can be
re-uged as often as five times without reaching ultimate
and still have a factor of safety against rupture of .

approximately 2 (Fig. 17,18).

e
’\Mwﬁ
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