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Comparison of Analytical Methods

and Test Results for

Determining Fastener

Elongation Part 1

by Dave Archer

Objective

Analytical analysis of bolted joints requires either the direct
calculation of fastener elongation or calculation of the components
that determine elongation, Even in instances when tension
can be measured directly during testing, calculating
elongation can be desirable when direct measurement
is impractical. For example, when the clamp load at conditions
not tested are desired. calculation of elongation or its components
are required to extrapolate the test data. A primary challenge of
calculating elongation is translating the stress profile in the head
and the engaged threads into equations that can be solved simply.
As opposed to the portion of the shank that lics within the grip
length. these hansition areas can contain complex stress profiles.
This is further complicated by the fact that it is the head and nut
member that contain most of the features that differentiate the
various types ol threaded fasteners. As a result there are several
published approaches to elongation calculation that contain subtle
differences for solving this problem. In this paper we will use two
popular calculation methods to compare analytical cstimates (o
actual test measurements of elongation. In light of the challenge of
estimating the contribution of the head and nut areas. a test matrix
was created to test various head/nut combinations. including
some that might not represent practical application. Because the
transition arcas become more intluential as the grip length get
shorter tests were conducted at two different ratios of grip length
to diameter. In this first phase of testing fully threaded cap screws
were used so that the shank would be a constant cross section and
the effect of the various head and nut transitions tested could be
prescrved, Each test was run at two loads as a check of elongation
measurement by reviewing the ratio of high/low values.

Calculation Methods

The two estimation methods used as a comparison te tested
values of elongation are those from Bickford' and VDI 2230, In
their simplest form of relating force to elongalion. both methods
are identical:
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y = FL/ EA where:

L‘.—.

N jJ i
y = elongation F =force/tension L =length
E = modulus of elasticity A = area | T IR e R i BT B

e . Bickford' 5 VDI 2230 » jX o7 5045 4/
Bur this relationship is only valid for samples with a constant cross- e B AU

section, so the relationship is expanded to handle the fact that portions of a R R 22 G -

fastener have different cross sections. y~FL ! EA where : y=f4£% ; F=}iA/

y=F&b where: &b = bolt resilience = 5 h+§t+ 5 n = Lh/EAh + B L=1cE s E-84iES : AR

B + o= | Rt i3 F 5L A 7E (I SR
Bolt resilience (the inverse of stiffness) consists of three terms: head I o 5 % - |ﬁ BE» 1 e ] B A T 5 4 614

resilience, thread resilience and nut resilience. It is in the length and area TR R B R TR

variables of these terms where the differences in the two estimates lie.

) . ] y=F&, where :
First, the VDI method expands the nut resilience in to two terms

which replaces & These terms separate the contribution of the nut and the 5 o= WEETE A1 (bolt resilience) = 6 ,+ &,
engaged threads. + 8 ,=L,/EA, + L/EA,+LEA,

o8 = kA + oEge SEREE S IR @A AT

The remaining differences are summarized below. BN~ MBS )~ DU T RO 00 S
7o RN~ RIRVEE R - S N R L

Test Method (I3 5 o

Figure | summarizes the test matrix chosen for the test. English A > VDI AT dZ e 28 ) 38
fasteners were chosen because all configurations of fully threaded metric B BS 17 6, 0 pEURAnsr AR ORGS0 G
bolts and jamb nuts were not readily available in a common property class, Ul o
Figure 2 provided better visualization of the test variants. Load was applied
with a universal test machine (UTM). Elongation was measured with a G o= LJEA, + L/EA,
pair of lever style gage heads contacting the ends of the fastener. The
gage heads were supported from a common HitMEFMEMTR -
point on the UTM's fixed platen. The gages
Ou-tput lto an amplifier set to read at 0.00005” Vlﬂlhl!'“i: h, = head height 3.7
resolution. L, . 0.5h, | g h, = nut height 421575
Test Results A, a,’ [ 3y a,=stress area (at minor dia)

L’ Iy 1, EAmER (BUhERE)

Test results are tabulated in Figures 3A Al . a, . a, a,=area of nominal dia & ¥ FEHEER
and 3B and graphed in Figures 4A and 4B. L..L . 0.5h, .0.4d ,0.5d Iy = grip length ZE[{< &
The test set-up appeared to be reasonably FAa i s 1 2. d = nominal diameter £ F 5

robust as the ratio between elongation at
'Use aywhen shank is not fully threaded

*This test uses fully threaded bolts In cases where there is an unthreaded pertion of the
they were both run was 1.99, 2.06. 2.03 shank &, is broken into a threaded and unthreaded term.

2.03, 1.96 and 2.07. The average deviation 0B R A 2R MR ad

from test values for the Bickford and VDI AR S IR © ISR TR - EHAES 0 HRAEEE
2230 calculations was 7.6% and 9.4%, Sapga X

high and low loads {or the six tests in which
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Fig. 1 - Test Matrix F1- MiKERE
Test # Fastenor | LD ] Nutd Nui 2 MtME| Eme | uD | SW | Ee2 |
1 Hex Cap Screw - Long 578 Tapped Block N/A [ 1 | RREg-K | 578 B I
2  HexCap Screw -Long 6.80 | Hex | NiA 2 FRAREL- | 6.80 ~E ¥
3 Hex Cap Screw - Long | 6.31 Jamb L NiA 3 FRE2Z- & 6.31 Il HIE 7t
4 Stud 459 Hex  Tapped Block 4 i@ | 459 AfH | AHE#®
5 Stud | 5.81 Hex | Hex 5 e 581 e E [ x
6 | Hex Cap Screw - Short  1.20 Tapped Block ~ NIA 6 | Amiz-K 120 g B 00X
7 | Hex Cap Screw - Short | 1.70 Hex NIA 7 FREZ-K | 170 ~H I
B | Hex Cap Screw - Short | 2.55 Jamb NiA 8 AflgsE- 4% 2.55 BHE _ i |
Noles: 1 All fasteners SAE J429 Gr 8 except tapped block which is AIS! 1018 ik 1 FTEMASAE J429 BRERE M (FRAIS] 101850 S M E E )
2 All fasteners 3/8-16 UNC fully threaded 2, FFAFFEUNC 3/8-16 B Eise &8R4 1k
3 Tapped block 0 75" deep 3 BWRARL0. 750 R
4 All tests run with sample size of 6 4 6% RTHEAIER A
5 Asetiling run was performed before the measurment run 5 ENEFEZ ISR BTHETE
6 Load was applied at a rate of 16,000 lo/min & faEi13%16,000 Ib/min
7 L/D represents the ratio of grip length to nominal fastener dia 7 UDRFEERERUE Y FREFER
8 Applied loads: 7,440 Ib and 3,720 |b 8 EMfH#:7440bF037200b
9 Modulus of Elasticity. 29 3x10° Ibfin® 9 PR 29 210° bfin?
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Fig. 2 - Test Configurations  [2 {4075
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Figure 3A - Elongation at 40% Proof Load Figure 3B - Elongation at 80% Proof Load
3A - 40% jEH Z icEE [ 3B - 80% Mtz MR
Hl;ﬂw Elongation JHER, In X10-3 ""‘fé"'ﬁ'&"ﬂw oJest | Elongation #H<H. in x 103 “'";;‘é“ﬂ“"
EIEER Bickford |VDI 2230 | Test | Bickford |VDI 2230 CEUEN Bickiord VDI 2230 | Test | Bickford | VDI 2230
K 435 | 420 473 | -80% | 2% ' 1 8.71 8.41 943 | -76%  -10.8%
[ 2 463 | 483 | 476  -28% 'j 1.5% 2 925 | 966 981 | -57% -1.6%
| 3 424 | 453 | 447 | 5% 4% 3 N |
| a4 | a88 | 247 | a1z | 107% | 157% | | 4 736 | 695 | 836  -11.9%  -169%
5 | 408 422 | 457 | 108%  T7% | ‘ 5 815 844 | 928  -122%  -9.0%
e | 154 139 | 163 | -51%  144% 6 | 308 278 | 348 3%  -126%
7 150 170 151 | 07%  126% | 7 | 299 340 | 343 | 42%  87T% |
8 | 183 | 222 238 | 192% 69% g | ' |

i
High loads not applied to jamb nut (tests 3 and B}
jambiBIEIEA BT R (MiX358)



Figure 4A - Elongation at 40% Proof Load
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Figure 4B - Elongation at 80% Proof Load
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respectively. Estimating elongation independent of thread engagement
seems to have affected correlation of VDI estimates with tests utilizing
the tapped block. It ts not imumediately apparent why the calculations
didn’t correlate very well with tests conducted with a stud.

Our plan for the next phase of this study is to gain better fidelity
of the relative contributions of the shank and the nut and head by
taking extensometer readings on the shank. including those that are
partially unthreaded

'Rel: An Introduction to the Design and Behavior of Bolted Toints. 2™ Edition
by John Bickford.

FLEF 995199 - 206~ 2.03 ~ 2.03 ~ 1.965
2.07 - Bickford 5 VDI 22302 B AT By 45 v 45 51
N7.6% 5 9.4% o B [ 2 5084007 & &9l
S AUT-TE IR 22 EE B2 T VDI AR R o
EH I SUERT (study 7500 AL A
A o A AR -

A N BRI - T S S EE S
WEESIER B S {B Cextensometer) - LI4E
EUE By~ BRE L B0 b -

"% ik An Inoduction o the Design and Behavior
ol Bolted Jnints. 2™ Edition by John
Bickford
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