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Comparison of Analytical Methods
and Test Results for
Determining Fastener
trlongation Part 1 

bvDaveArcher

Objective

Analytical analysis of bolted joints requires either the dircct

calculation of fastener elongation or calcLrlation of the components

rhat determine elorgation Even in instances when tension
can be measured directly during testing, calculating
elongation can be desirable when direct measurement
is impractical. For exarnple. when the clatnp load at condrtions

not tested are desired. clllcLrlation of elongation or its conlponents

are required to extrapolatc the test data. A prinary challenge of
calculating elongation is translating the stress ploflle rn the head

and the engaged thleads into equations that calr be solved srmply.

As opposed to the portion ol-the shrrrk that lics within the grip

length. thcse hansrtion arcas call conlain comPlex stress plotiles.

This is firrther complicated by thc tact thdl il is thc hcad and nut

nrenber that contain nrost of thc fcatures thirl dilfetcDtiate the

various types ol lhreaded fastcners. As a result thcre ure se\,eral

publrshed upproaches to elongation calcr.rlation that contain subtle

dilTerences fbr solving this problcm. Ir this Paper wc will use lwo

popLllar calcLrllrtion methods to compare analytical cstinlates to

actual test mcasur ernents ol elongation. In light of the challcnge ol'

estirnrting the contribution ol the head and nLrt areas. a test matrix

was created to test valioLrs head/nut coDbinatrons. including

some that uright not lepresent practical application. BccitLlsc the

tr|tnsrtion areas become rnote inlluential as the griP lcngth get

shortef tests wcrc conducted at two diffcrent Ilrtios of grip lcngth

to diametel. In this fjrst phase of testing fully thleaded caP sclews

werc used so that thc shunk would be a constant cross sectloD and

the cff-ect ol the various lread and nLrt transitions tested coLrld bc

prescrved Each test wts rnn at two loads as a check of elongatiolt

measurement by reviewing the ratio of high/low values.

Calculation Methods

The two cstilnalion nrethods ttscd as I col'llparison to tcsted

values of elongation are lhose from Bickfbld and VDI 2230. In

theil simplcst fblm ol relattng fbrce to elongtLion. both ntcthods

are identical:
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y = FL / EA where:

y=elongation F = force/tension L=length

E = modulus of elasticity A = area

But this relationship is only valld for samples with a constant cross-
section, so the relationship is expanded to handle the lact that pottions of a
fastener have ditlerent cross sections.

y=Fdb where: d b = bolt resilience = dh+dt+6n=Lh/EAh+
Lt/EAt + Ln/EAn

Bolt resilience (the inverse of stiffness) consists of three ternts: head

resilience, thread resihence and nut resrlience. It is in the length and area

variables of these terms where the differences in thc two estintates lie.

First, the VDI method expands the nut Iesilience in to two terms
which replaces d,, These terms separate the contribution ol the nt|t and the
engaged threads.

d ne = Ln/EAn + Le/EAe

The remaining differences are summarized below

'l'cst Mcthod

Figure I sumrnarizes the test mattix chosen fbr the test. English
fasteners were chosen because all configurations of fully threaded metric
bolts and jamb nuts were not readrly available in a comnon property class

Figure 2 provided better visualization of the test varianrs. Load was applied
with a universal test machine (UTM). Elongation was measured with a

pair of lever style gage heads contacting the ends of the fastener. The
gage heads were supported tiorn a common
point on the UTM s fixed platen. The gages

output to an amplifier set to read at 0.00005"
fesotunon.

Test Results

Test results are tabulated in Figures 34
and 3B and graphed in Figures 4A and 48.
The test set up appeared to be reasonably
robu\t t\ the talio hetwccn elongrrion ut

high and low loads for the six tests in which

they were both run was 1.99, 2.06. 2 03,
2.03, 1.96 and 2.07. The average deviation
from test values for the Bicktbrd and VDI
2230 calculations was 7.6c/c and 9.1%,
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a (at minor dia)
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meter €]{tH{4

unthreaded porton of the

hh = head heigh

h" = nut height t
a" = stress area (at r

,rrEiiR (#4'i
ad=area of nominaldia j

lq = grip length lE
d = nominal diameter

0.5hh 0.4d

t, ts

L", L" 0.5h, 0.4d,0.5d

rUse adwhen shank is not fully threaded

'?Thrs test uses fully threaded bolts In cases where there is an unthrea(
shank d, is broken into a threaded and unthreaded term-
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Fig.2 - Test Configurations
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Figure 38 - Elongation at 80% Proof Load
E 38 - 80% ifthzl{Kl
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Fig. l.TestMatrix

Hex Cap Screw - Long 5.7E Tapped Block NiA

Hex Cap Screw - Long 6.80 Hex N/A

Hex Cap Screw - Long 6.3'l Jamb N/A

4 Stud 4.59 Hex Tapped Block
Stud 5.81 Hex Hex

Hex Cap Screw - Short 1.20 Tapped Block N/A

7 Hex Cap Screw - Short 't.70 Hex N/A

8 Hex Cap Screw - Short 2.55 Jamb N/A

Notes: 1 All fasteners SAE J429 Gr 8 except tapped block which is AlSl 101 8

2 Allfasteners 3/8-16 UNC fully thteaded
3 Tapped btock 0 75" deep
4 Alltests run wilh sample size of 6
5 Asettling run was performed before lhe measurment run
6 Load was applied at a tate of 16,000lb/min
7 L/D represenis the ratio of grip length to nominalfastener dra

8 Applied loads: 7,440lb and 3,720lb
I lvlodulus of Elasticity.29 3x106lb/in'z

11- illllEt'EFF

^frwu-K
E IiIDt'A rt,

^fr48*-f
6.80 ft,

^frwtL- 
r: 6.3'l ft,

4 Afrtr 4.59 7\1 Et rlFttril
4EE 5.81 it ft

^frwa-K
1.20 H I{F,,+'A ft

7

^frwa-K
1.70 /\'11 ft.

I
^frMe-x

)48 ft
6tt: 1 Ff€f+asAE Ja2s 8!&X@IE (lhArsr1o18*igllptfl gEl+)

2 Ff6l+AUNc 3/8,169F E 1+*11#+r?!i {r
3 HrlFrt'Ao 75F.tt+
4 6# R-1tr4+TEEF,t€fl li,t
5 & ttE##Z.ii*ft if,fi ,lEtrie
6 fi+tr*16,000 lb/rnin
7 uDtt*l,EE+<,Effi u€vtsEl+tf4
I *EA*I: 7,440lb fE 3,720 lb

9 g+'E*q€: 29 3x106 rb/in'z
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Figure 34 - Elongation at 40% Proof Load
B 3A . 40% ffi',2l4K1

Bickford vDt2230 Test Bickford vDt 2230

1 4.35 4.20 4.73 -8.0% .1't.2%

4.63 4.83 4.76 -2.4% '1.50/o

4.24 4.53 4.47 -5.1% 't.4./"

4 3.68 3.47 4.'t2 -10.7% -'15.70/o

4.0E 4.22 4.57 -10.4% -7.7%

1.54 1.39 1.63 -5.10/o -14.4%

7 '1.50 't.70 '1.51 -o.7./. 12.6%

8 1.93 2.22 .19.20/" -6.9%

B ckford vDt 2230 Test Bickford vDr 2230

8.71 8.4'l 9.43 -7.6% -10.8%

9.25 9.66 9.81 -5.7olo .'1.6%

4 6.95 .'l'1.9o/o -16.90/.

8.15 9.44 L28 -12.2% -9.0%

3.08 2.74 3.18 .3.10/o -'12.6%

7 2.99 3.40 3.13 -4.2% a.70/.

8

Hgh loads not applred tojamb nut (tests 3 and 8)

iamb4E$EtFti*?iE fi #tllli.t ( li,t35t
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Figure 44 - Elongation at 40% Proof Load
R4A-40%ffih21##:4
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respectrvely Estimating elongation iDdependent of thread ensagement

seerns to have rllected corrcl.ltioD of VDI estiDntcs with tests utllizing
the tupped block It is rlot ilntrcdiately apparent why the calculatrons

drdn t correlirte vely well with tcsts conducled with a stud.

Ncxt Steps

Our plan lbr the iext phasc of this study is to gain bettcr fidelily
ol Lhc relative contrrbulions of thc shank and tlre nLrt and hcad by
trking extensonelel reNdings on the shank. including thosc that are

p lially rnlhreaded I

Rel: An I trftluction () thc Dcsiln and Beh \'ror of Boltccl JoinLs. l"' tsdrlion
bv John Bickli)rd.
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t v; \t[k : h lDtroduction (r the Design and Bch.rvior
ol Bolted.loinls. l"'Edilion by Johu
Bicki)rd
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Figure 48 - Elongation at 80% Proof Load
B44 - 80%fEr21H"K+
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