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E EVALUATION AND DISCUSSION

INTRODUCTION

The yield and ultimate shear strength of joints fabricated from
various metals using solid rivet fasteners lubricated with lauric acid
is reported herein. The results of the investigations showing a re-
duction of material bearing strength when pins and threaded fasteners
were lubricated with lauric acid have been reported in referettees (a)
and (b) respectively.

TEST PROCEDURE

Joint yield and ultimate strengths were determined in accordance
with reference (c), using a Tinius Olsen Universal Testing Machine,
Model Super "L" UTM Serial 54984-3, and a Baldwin Extensometer, Model
TSMD Serial 1029 (Figures I and 2). All the rivets and aheet material
were initially clesated ultrasonically in chlorothene V.G.S.A. 1192.4
Tests were performed on the clean riveted lap joint specimens, and t.he
yield and ultimate strength was recorded. To determine the effect of
lubricstionrivegts were then coated with Isuric acid (C11 3 (11 2 )oC001)
and specimens fabricated. The tests were repeated. The test specimens
were .063 inches thick, and the rivet holes in the specimens were within
a tolerance range of .253 to .257 inches. The installation requirements
to form the flat driven heads on the rivets used in the test were in
accordance with reference (d).

The four materials used in this investigation included aluminqm
(2024-T3 Sheet-Heats 1-2). magnesium (AZ31B-H24 Sheet), and steel (PHiw-l

Mo Sheet). Rivets of the following types and the driving pressures that
"were required to form the fastener heads in the ilp Joints are shown
bel ow:

"aterial at Prod-tnm e

%,C20470D8-6 Aluminum 12,000 lbs.
?M2047OB8-6 Magnesium 9,000 lbs.
NAS1198-8-6 Stee 22,000 lbs.

DISCUSSION

SAll specisns wevc subjectocA to the joint shear test specified in
reference (c). One half of the ultrasonically cleaned specimens werc
tested with rivets that had been tubricated with lauric acid, Careful
control of all significant paraxeters was etercised to determine any
effect upon the lap joints' bearing yield and bearing ultimate strength
produced by lubrication of the rivets.

--./
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Joint yield strength was determined from load deflection curves using
the second modulus method for hole filling fasteners in accordance with
reference (c). The bearing yield loads are shown on the load deflection
charts, Figures 3 through 82. The joint bearing yield and bearing ultimate
strength was calculated by dividing the applicable load carried by the
bearing area. The results obtained are shown in Tr-%e! I through VIII.
The average strength of the lap joint specimens tested with lubricated
rivets was consistently lower than those of the specimens tested with non-
lubricated rivets, Table IX.

CONCLUSIONS

It is concluded that joints fabricated with lubricated rivets, like
those fabricated with lubricated threaded fasteners, have lower bearing
yield and bearing ultimate joint strengths than when fabricated with clean
fasteners.

RE COHMENIATIONS

It is recolmmended that this effect be considered in the preparation
of MIL-HDBK-5 since the reductions are not the same for hole filling

fasteners (rivets), non-hole filling fasteners (bolts), and sheet materials.

2
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A UJMINUM
2024-T3
HEAT- I
(ALOOA)

NOT LUBRICAT .FD 1,1 11- T'A'I'

SPECTMFN .I!:Al I NG Y! BEARING UILTIMATE :,P. E I F.EA.INl'I '.II . EAPITNO !LT' MATTE
1:0 .. . ..SI[F i'' ( PST)I S"TPEN:1 It; ( Pý.• P...-•: .•|r" ''• :• "'' " !:L ", : :'

1-A 101,269 138,095 4-AW 93,650 106,031

2-A 101,587 135,238 3-AW 91,746 111,111

3-A 101,587 136,507 5-AW 91,746 114,920

5-A 101,904 136,825 2-AW 92,063 116,825

7-A 98,412 136,825. 6-AW 90,793 118,095

AVG. 100,951 136,698 91,999 113,346

NOTE:

8.8% decrease in bearing yield strength whoen lubricated.

17.0% decrease in bearing ultimate strength w'hen lubricated.

4
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ALUMINUM
2024-T3
HEAT-2
(HARVEY)

NOT LUBRICATED LUBRICATED

SPECIMEN SEARING YIELD BEARING ULTIMATE SPECIMEN BEARING YIELD BEARING ULTIMATE
NO. STRENGTH (PSI) STRENGTH (PSI) NO. STRENGTH (PSI) STRENGTH (PSI)

2-H 103,174 136,507 12-HW 90,476 111,746

3-H 107,396 137,142 14-4HW 89,841 113,333

4-H 108,888 137,777 18-HW 90,158 115,555

7-H 106,349 139,047 11-HW 87,619 117,460

I-H 99,682 145,396 16-HW 93,333 119,682

AVG. 105,097 139,173 90,285 115,555

NOTE:

14.0% decrease in bearing yield strength when lubr•.coted.

16.9% decrease in bearing ultimate strength when lubricated.

5 TABLE II
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MAGNESIUM
Ho5070
(Dow)

NOT LUBRICATEE LUBRICATED

SPECIMEN BEARING YIELD BEARIIhG UL'iIYýTE SPECIMEN BEARING YIELD BEARING ULTIMATE
NO. STRENGTH (PSi) ST:iEN'ITH (PSI } NO, STRENGTH (PSI) STRENGTH ( PSI)

3-D 66,349 86,349 i5-DL 60,317 83,809

1-D 71,428 88,571 18-DL 63,492 83,492

6-D 72,06, 88,888 17-DL 60,372 84,444

7-D 65,714 89,523 1O-DL 66,031 87,301

11-D 65,079 90,476 16-DL 61,904 86,031

AVG. 68,126 88,761 62,423 85,015

NOTE:

8.3% decrease in bearing yield strength when lubricated.

4.2% decrease in bearing ultimate strength when lubricated.

6 TABLE III
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1'AGESIM
7546
AZ31B

NCT LUBRICATED LUBRICATLD

SPECIMEN BEARING YIELD BEARING ULTIMATE SPECIMEN BEARING YIELD BEARING ULTIMATE

NO. STRENGTH tPSI) STRENGTH (PSI) No. STRENGTH (PSI) STRENGTH (PSI)

2-M 67,619 82,539 4-ML 58,412 79,047

5-M 68,571 85,079 I-ML 58,095 81,904

3-M 68,253 85,714 8-MI4 57,142 81,904

4-m 68,888 86,984 6-ML 60,317 81,904

10-M 69,841 88,253' 5-ML 59,365 82,539

AVG. 68,634 85,713 , 58,466 81,459

: i-

- -

NOTE:

14.57. decrease in beariag yield strength when lubricated.

4.9%. decrease in bearing ultimaee strength when lubricated.

7 TABLE IV
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MAGNESIUM
C-70065
(0ow)

NOT LUBRICATED_ LUBRICATED

SPECIMEN BEARING YIELD BEARING UIJLTIMATE SPEC IMEN' BEARING YIELD PEARING ULTIMATE

NO. STRENGTH (PSI) STRENGTH ( PSI) NO'. STRENGTH (PSI) STRENGTH (PSI)

D-2 60,317 82,222 13-DL 55,555 77,142

D1 60,317 82,857 16-DL 55,873 78,412

D-5 60,634 83,492 10-DL 55,873 78,730

D-7 06,492 84,126 12-DL 57,142 79,882

D-8 6R,634 85,398 I I-DL 56,825 80 000

AVG. 61,078 83,619 56,253 78,833

NO)TE:

.7.8%. decrease in 'bearing' -yield strength wiheri lubricated.

5.7%.derese in' bearing ultimate streni ch when lubricated.

I 8TABL .V
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STEEL

870255

___ NOT LUBRICATED LUBRTCATED

SPECIMEN BEARING YIELD BEARING ULTIMATE SPECIMEN BEARING YIELD BEARING ULTIMATE
NO. STRENGTH (PSI) STRENGTH (PSI) NO. STRENGTH (PSI) STHENGTH (P,3I

SA-4 126,666 229,841 SAL-8 104,761 205,714

SA-9 133,650 234,920 SAL-I 104,761 204,444

SA-2 133,333 228,571 SAL-4 93,650 195,873

SA-5 126,984 228,253 SAL-6 101,587 182,539

SA-6 139,682 225,079 SAL-9 107,936 208,888

AVG. 132,063 229,332 102,539 199,491

NOTE:

22.3% decrease in bearing yield strength when lubricated.

13.0% decrease in bearing ultimate strength when lubricated.

9.V
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STEEL
851064

NOT LUBRICATED LUBRICATED

SPECIMEN BEARING YIELD BEARING ULTIMATE SPECIMEN BEARING YIELD BEARING ULTIMATE

NO. STRENGTH (PSI) STRENGTH (PSI) NO. STRENGTH (PSI) STRENGTH ( PSI)

SB-3 101,587 208,571 SBL-9 111,111 193,650

SB-5 120,634 213,650 SBL-3 117,460 196,190

SB-4 129,841 214,920 SBL-7 104,761 199,365

SB-2 123,809 215,555 SBL-4 111,111 187,619

SB-7 128,571 215,873 SBL-5 117,460 187,619

AVG. 120,888 213,713 112,380 192,888

NOTE:

7.0% decrease in bearing yield strength when lubricated.

9.7. decrease in bearing ultimate strength when lubricated.

10 TABLE VII
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STEEL
861104

NOT LUBRICATED _ _LUBRICATED

SPECIMEN BEARING YIELD EARING UL1•IMATE SPECIMEN BEARING YIELD BEARING ULTIMATE

NO. STRENGTH (PSI) STRENGTH (PSI) NO. STRENGTH (PSI) STRENGTH (PSI)

SC-6 117,460 215,555 SCL-18 114,285 196,190
SC-4 123,174 216,507 SCL-12 104,761 193,015

SC-7 120,634 219,047 SCL-15 107,936 191;111

SC-3 125,396 219,047 SCL-17 111,111 186,349

SC*5 128,235 226,349 SCL-11 111,111 205,079

AVG. 123,047 219,301 109,840 194,348

NOTE:

10.77. decrease in bearing yield strength when lubricated.

* 11.37. decrease in bearing ultimate strength when lubricated.

11 TABLE V111
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