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FOREWORD

This standard sets forth a standard test procedure for deternmining the
shear joint fatigue of fasteners at room tenperature.
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1. SCCPE

1.1 Applicability. This test method covers the procedure
and apparatus required for testing the shear joint fatigue of fasteners
at room tenperature.

2. REFERENCED DOCUMENTS

2.1 Gover nnent docunents.

2.1.1 Speci fications, standards and handbooks. Unl ess
otherwi se specified, the follow ng specifications, standards and handbooks
of the issue listed in the current Departnment of Defense Index of Specifi-
cations and Standards (DoDISS) and the supplement thereto (if applicable),
forma part of this standard to the extent specified herein.

SPECI FI CATIONS ¢

FEDERAL

QQ A-250/5 Alum num Alloy Alclad 2024, Plate and Sheet

TT-P-1757 Priner Coating, Zinc Chromate, Low Misture
Sensitivity

M LI TARY

M L- P- 6808 Priner Coating, Zinc Chromate, Process for
Application of

M L- T- 9046 Titanium and Titanium Alloy, Sheet, Strip

and Pl ate

(Copi es of specifications, standards, handbooks, draw ngs and
publications required by contractors in connection with specific acquisi-
tion functions should be obtained fromthe contracting activity or as
directed by the contracting officer.)

2.2 QO her publications. The followi ng document(s) forns
a part of this specification to the extent specified herein. The issues
of the documents which are indicated as DOD adopted shall be the issue in
the current DoDISS and the supplenent thereto, if applicable.

AMERI CAN SOCI ETY FOR TESTING AND MATERI ALS (ASTM

ASTM E4 Load Verification of Testing Machines
ASTM E8 Metallic Materials, Tension Testing of
ASTM E74 Verification of Calibration, Devices for

Verifying Testing Machines
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(Applications for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadel phia, PA 19103.)

3. DEFINITIONS
Not applicabl e.
4. GENERAL REQUI REMENTS

4.1 Test apparat us.

4.1.1 Fatigue test machine |oading system The dynanic
| oadi ng system shall be accurate within +2 percent of the progranmed
mexi num | oad, for load greater than 10% of the range of the machine. The
| oad naintaining system shall be capable of maintaining the required
load. Machines operating w thout |oad maintainers shall be rmonitored at
intervals by the operator. The intervals shall be deternined according
to the expected cycle life and equi pment capability.

4.1.1.1 Calibration. The load accuracy of each machine shal
be verified after each 1000 hours of operating time or every six nonths
whi chever occurs first, and after any machine nodification which could
affect the load accuracy. Al fatigue test machines shall be calibrated
using static loads following the procedures of ASTM E4 using elastic
calibration devices. Schematic arrangenents of ring type and |oad cel
calibration devices are shown in figure 1.

4.1.1.1.1 Elastic calibration. The elastic calibration device
shall be checked for accuracy following the procedures of the |atest
i ssue of ASTM E74. The required |oads may be produced with known dead
wei ghts, a force-calibration franes and previously verified elastic
calibration device or a testing machine with |oading ranges that are
accurate within 0.5 percent of reading and that match or overlap the
force required for the verification of the calibration device. The three
| oading systenms are listed in descending order of preference

NOTE: Load Cell Instrunmentation

Most load cells used as elastic calibration devices nmake use
of bonded resistance strain gages as the sensing elenents.
These gages are usually connected to formall or part of a
VWWeat stone bridge circuit. Some of the possible
configurations are shown on figure 2. The full bridge
figure 2cis the preferred nmethod and should be used wherever
possible. If the circuits as shown in figure 2b nust be
used, care must be taken to protect lead wires and resistors
from thermal and nechanical effects that night cause

resi stance changes. The active elements (strain gages) nust
be mounted on the load cell colum in a manner to mnimze
the effects of bending figure 2a. The identical |oad cell
system including the indicator, power supply and all
accessory equi prent that was used during the load cel
verification rmust be used during calibration of the fatigue
test machine.
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RING TYPE DEVICE STRAIN GAGE TYPE DEVICE

FI GURE 1. El astic calibration devices.
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(a) LOAD CELL

(c) FuLL BRIDGE
(b) HALF BRIDGE

FIGURE 2. Typical load cell circuits.
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4.1.2 Static alignment. Static alignment of each fatigue
test machine shall be verified at any tinme necessary to insure meeting
the alignment requirenments of this standard. Alignment check may be
acconpl i shed by mechanical or stain gaged alignnent cell systens. The
met hod enpl oyed shall be capable of proving that the stress caused by
m sal i gnment of eccentric loading shall not exceed 6 percent of the
average stress. One nethod of determning is as follows:

4.1.2.1 Equi pment .

4.1.2.1.1 Strain gage load cell (figure 3a).

4.1.2.1.2 A digital strain indicator (or equivalent) (figure
3b) .

4.1.2.1.3 Alignment cells. Static alignment cells shall be

designed to operate between 15 and 60 KSI at the test |oad. The test

| oad shall be 10% of the maxi mum nmachi ne capacity. Typical alignnent
cells, the material from which they were made, and test |oads that cover
maxi mum machi ne capabilities from 4400 pounds to 250,000 pounds are shown
in figure 4. Tubular cells or actual test bolts of appropriate |oad
range may be used.

4.1.2.3 Procedure. Four strain gages shall be bonded 90°
apart around the circunference on a common plane perpendicular to the
axis of the cell. Each active strain gage shall be wired into a separate

channel of the switch and balance unit so it can be individually bal anced
and switched into the strain indicator.

4.1.2.4 Ali gnment  exanpl e.

4.1.2.4.1 To check the alignment on a 24,000 pound fatigue
machi ne, take 10% x 24,000 = 2,400 pounds. From figure 4 select cell No
7 rated for use between 2,400 and 9,600 pounds.

4.1.2.4.2 Assenbl e the alignment cell into the test machine
using equi prent that neets the specified fixture requirenments

4.1.2.4.3 Load the alignnent cell to 2400 pounds and record the
strain in order fromgages 1, 2, 3 and 4. Unload the machine and rotate
the alignment cell 180°; load the cell again to 2400 pounds and record
the readings fromgages 1, 2, 3 and 4.

4.1.2.4.4 Sanpl e calculation of strain gage results from the
2400 pound test | oadings:

Strain Readings from

Gage 1 Gage 2 Gage 3 Gage 4
2400 | bs | oad 573 570 604 603 Mean Strain = 587
M nus Mean: 587 587 587 587
Di fference: 14 17 17 16
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(a) LOAD CELL

(b) DI G TAL STRAIN | NDI CATCR

FIGURE 3. Typical equipnent used for checking alignnent.
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Avg Difference of Gages 1 Plus 3 from Mean: 14 + 17 = 15.5
2
Avg Difference of Gages 2 Plus 4 from Mean: 17 + 16 = 16.5
2
Max val ue from nean: 15.5 + 16.5 = 28.63
% Bending = Max value from nean x 100 = 2,263 = 3.85%
VEAN 587
Rotate Alignment Cell 180°
Strain Readings from
Gage 1 Gage 2 Gage 3 Gage 4
2400 | bs | oad 610 609 580 578 Mean Strain = 594.3
Circulate as above for % bending = 3.62%
Avg Bending = 3.86 + 3.62 = 3.74%
2
4.1.3 Fi xtures. Unl ess otherwi se specified, the nethod of

hol ding the sheet specinen in the testing machine may be either pin
| oadi ng or clanping devices or a conbination of both.

4.2 Test speci nen.

4.2.1 General.  The specinmen shown in figure 5 shall be
used for high-load transfer testing; the figure 6 shall be used
for lowload transfer testing; and the figure 7 specinen shall be used
for no-load transfer testing.

4,2.2 Met hod for loading. The configuration of the joint
specinen outside the lap area is optional. Certain parent sheet materials
may be relatively low strength or thin enough to pernit satisfactory
gripping in standard friction type holding fixtures. However, for higher
strength parent sheet material and for cases where grip slipping may be
encountered, the use of pin loading holes is recommended. \Wen pin
| oadi ng holes are used, they shall be located so that the load will pass
through the centerline of the fastener hole pattern with 0.005 inch.

4.2.3 Preparati on.
4,2.3.1 Unl ess otherwi se specified, specinmens shall be

fabricated from bare 2024-T3 (or 2024-T351) alum num per QQ A-250/5 or

anneal ed 6 AL-4V titanium per ML-T-9046. Tooling holes shall be confined
to the grip area
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OPTIIONAL COINA GUARATION
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; 16D MIN. - — ——god

1 Y
’

24D MIN BETWEEN GRIP AREAS ___—.,{

All edges nachine 63/ or better,
No scratches, gouges or scribe marks in 24D

radi us hol es .005 nax.

Tol erance on 2D and 4D di nension shall be

on shown is to establish configuration
ified otherwi se, the sheet thickness

configuration nmay not be suitable for
teners 5/16 inch nom nal dianeter (or
talled in sheet/plate materials (UTS
ilizing the sheet thickness specified

D NOTES:
1
0.125 2.
0. 156 area.
0.188 3. Chanfer or
0. 250 4,
0.312 +0. 005.
0. 375 . D = Dinensi
0.500 di mensi ons only.
. Unl ess spec
T = 0.750.
70 This joint
testing fas
larger) ins
790 KSI) ut
(T = 0.750).
FIGURE 5. Lap joint specinen -

single shear 100% | oad transfer.
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4.2.3.2 Unl ess ot herwi se specified, the faying sheet surfaces
shal | be prepared by decreasing for the full load transfer joint (figure
5) and the no-load transfer joint (figure 7). The lowload transfer joint
shall be prepared in accordance with 4.2.3.2.1 and 4.2.3.2.2.

4.2.3.2.1 Sheet surface preparation, |owload, alumnum The
faying surfaces of the sheets shall be coated with zinc chromate priner,
TT-P-1757 applied in accordance with M L-P-6808.

4.2.3.2.2 Sheet surface preparation, lowload, titanium The
faying surface of the sheets shall be coated with “Mlykote 106" bonded
| ubricant or equal.

4.2.4 Strip material nechanical properties. Three sanples
of each sheet or plate material enployed in the actual joint strength
eval uation shall be tested for tensile properties. Test procedures and
met hod for determination of strip tensile properties shall be in accordance
with ASTM E8. The values for ultimate, yield and elongation shall be
determined. The grain direction shall be the same as the lap joint
speci men.

4.2.5 Fast ener hol es. Fastener holes shall be line drilled
perpendicular to the sheet surface within 1/2 degree. Hol es shall be
deburred on both sides of each sheet not to exceed 0.005 radius or
chanfer. Surface finish of the hole shall be RHR 63 or better.

4.2.5.1 Hol e dianeter. Fastener hole dianeter shall be in
accordance with applicable specifications or manufacturers’ recomended
procedure.

4.2.5.2 Count ersunk fastener holes. Holes for countersunk
fastener shall be prepared with an integral drill countersink tool to
mai ntain concentricity of the countersunk with the hole. The depth of
countersunk shall be naintained such that the installed fastener is flush
with +0.002 -0.005 inch.

4.2.5.3 Protruding fastener holes. The holes for protruding
fasteners shall be relieved on the head side the mnimum amunt necessary
to clear the fastener head-to-shank fillet radius.

4.2.5.4 Fastener orientation. The manufactured heads of all
the fasteners shall be on the same side of the joint.

4.2.6 Assenbl y.

4.2.6.1 Fastener installation. |If the fastener installation
requires a torquing procedure, the applied torque shall be the m ninmm
specified value for the particular fastener. If the fastener installation
requires controlled material deformation, the deformation shall be the
m ni num specified value for the particular fastener. [If these techniques

are used, they shall be reported.

12
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4.2.6.1.1 Unl ess otherwi se specified, lubrication and corrosion
protection media, except as part of the product specification, shall not
be used.

4.2.6.2 Sheet gap. Particular care should be taken to assure
no gap exists between the sheets at the fastener subsequent to assenbly.
The gap away from the fastener shall be considered excessive if a .002"
thick gage can be slid between the sheets.

4.2.6.3 Fastener head seating. There shall be no gap greater
than 0.005 inches for nore than 50% of the circunference of the head.

5. DETAIL REQU REMENTS

5.1 Test procedures.

511 Installation. The specimen shall be installed in the
hol ding fixture and clanped or pinned in position. The |oad shall be
transmitted along a line passing through the centerline of the faying
surface within 0.005 inch.

5.1.2 Test conditions.

5121 Joint static strength. To establish the joint static
ultimate strength a specinen simlar to that used for the fatigue test
shal |l be prepared and tested. The ultimate strength shall be the value
indicated at the first peak of the |oad-deflection curve

5.1.2.2 Load level. A mininmumof five load |evels shall be
used to establish a S-N curve. One value shall be chosen which does not
fail at less than 3,000,000 cycles; three others shall be at 67, 50 and
30 percent of the joint static strength and the fifth as necessary to
define the curve. A minimm of three specimens shall be tested at each
| oad | evel

5.1.2.3 Fatigue test type. Unless otherwise specified the
| oad applied shall be sinusoidal constant anplitude.

5.1.2.4 Load ratio. The load ratio for the 100% |l oad transfer
joint (figure 5) shall be +0.1 for the low and no load transfer joint,
-0.05 (figures 6 and 7).

5.1.2.5 Test speed. The nmaxinum test speed shall be selected
which will not cause the specinen tenperature to exceed 150°F.

5.1.2.6 Speci nen restraints. To preserve the initial alignment
a restraint of the type shown in figure 8 or figure 9 shall be used with
the high load transfer specinmen shown in figure 5. Care shall be taken
in the use of either device to assure that the restraint does not transfer
a portion of the load. In testing fasteners (dia 5/16) installed in high
strength materials, UTS 90 KSI, difficulty will be experienced in main-
taining initial specinen alignnent in test nachine regardless of type
restraint used.

13
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D* + .06 HOLE TYP
2 PLACES, EACH BAR

il

N
Q

NOTES :

Eal el .

-1 —
Y T T T |
2.0 — ot t lw—  T——{(HOH|| | ( T |
ol T 8 T | 120
SECTION B-B O gt (REF) 10D MIN
2 PLACES ] L -2 l _J | MIN .
EACH BAR DIRECTLY OVER — "&'I)')“
AND UNDER TEST FASTENER ' | l
- . P
11 &r L
VIEW A-A
D = Nomnal fastener dia under test.
D = Mninum for these dinmensions = 0.188.

Rod and bar material - mld steel.
Teflon, nylon, micarta, etc., nust be interfaced between bars and
test specinmen surface.

FI GURE 8. Specimen restraint fixture (flexure pivot/90° offset).
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SINGLE LAP JOINT
FATIGUE SPECIMEN —I

P
o~ ;JI'!
-
o X

e

L

(2 PLACES)

.25 COMMERCIAL BOLT AND WING NUT SEE NOTE 3
.260/267 HOLE (G DRILL) TYP 8 PLACES

2.50 HOLE

STIFFENER PLATE (2 REQ PER ASSY)
TYP 4 PLACES

T | =@=¢

MIN

L2 |

|
!
10D Q% — :

- 14D + 1.5 Lam
NOTES:

1. D = Nominal fastener dia under test.

2. Stiffener plate and bolt material - mild steel.

3. Teflon, nylon, nicarta, etc., material nust be interfaced between
stiffener plates and test specimen surfaces.
4, Tighten wing nuts only finger tight.

FIGURE 9. Specinen restraint fixture (sandwich type).
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6.1
foll owi ng data:
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Failure. The specimen will be considered to have
failed when the test  machine will no longer maintain the |oad due to
failure of the specinmen.

Test

6. NOTES
report. The test report shall include the
Description of the fastener and part nunber (and
conmponent if nore than one piece).
Actual neasured dianeter of each fastener.
Fastener material by alloy and condition.
Fastener |lot identification.
Sheet material by alloy and condition.
Sheet thickness (actual).

Hol e size - individual measurements of each
hol e.

Sheet-hol e corner radius for protrudi ng head
fasteners.

Actual interference |evel and nethod used in
det erm nati on.

Speci men configuration.

Description of actual test installation such as
special techniques, installation torque, special
tools and conformance to any applicable specifi-
cation.

Primer thickness.

Static data sheet and joint determnation by
paragraph 4.2.4 and paragraph 5.1.2.1.

G oss area stress level and |oad ratio.
Type of test restraints.
Actual value of cycles to failure.

Description and location of failure node.

16
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Machi ne test speed.
Machi ne manufacturer and type.

Machi ne calibration date.

u. Gap.
V. M1l certification of sheet conposition.
6.2 Preparation of data. The data shall be plotted on

sem -1 og paper with the load as the ordinate on the linear scale and
cycles to failure as the abscissa on the logarithmc scale. Actual

cycles to failure shall

Cust odi ans:
Arny - AR
Navy - AS

Air Force - 11

Review activities:
Arny - AV
Navy - AS, SH
Air Force - 99
DLA - IS

be shown versus the applied maxi mum | oad stress.

Preparing activity:
Navy - AS
(Project No. 53GP-0143-21)
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I (See Instructions — Reverse Side ) |
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