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SECTION I

INTRODUCTION

Sixty-eight fatigue tests were conducted of mechanically-fastened
structural test specimens containing 0.050-inch fatigue-induced initial corner
cracks. This volume contains a specimen-by-specimen summary of these test
data. The data are presented on annotated tables giving crack sizes versus
loading cycles. The data are plotted and compared to crack growth predictions,
which were formulated prior to the testing as summarized in Section V of

Volume I.

Because of the number of specimens tested and the complexity of each, an
almost unlimited time could be spent reviewing and learning from the data.
The purpose of Volume II is to provide an easy-to-read, concise, yet complete
summary of each test result in the program, to facilitate future analytical

review and use of the data by readers of the report.



SECTION II

BASELINE DATA

Baseline tensile data for the six product forms used in this program
are presented in this section. In addition, R-curve data obtained using
four center-cracked panels (CCT) are included. The R-curve data are pre-
sented in the form of stress intensity factors, K, versus incremental
equivalent crack length, ACe. The equivalent crack length, Ce’ was calcu-

lated using crack opening displacements (COD) and Equation (50) in Volume I.

Other baseline data are tabulated or plotted in Section IV of Volume I.



TENSILE TEST RESULTS

TENSILE  TENSILE

PRODUCT SPECIMEN GRAIN THICKNESS WIDTH ULTIMATE  YIELD PERCENT
FORM NUMBER DIRECTION (INCH) (INCH) (KS1) - (KSI) ELONGATION
0.188 SHEET N-1T Trans. 0.1830 0.5030 87.5 76.7 13.0
N-2T Trans. 0.1827 0.5035 87.0 76.3 135
N-3T Trans. 0.1833 0.5030 87.2 76.6 13.0
N4L Long. 0.1823 0.5020 85.2 78.6 14.0
N-5L Long. 0.1820 0.5017 854 78.6 145
N-6L Long. 0.1825  0.5023 85.1 78.5 14.0
0.094 SHEET A-1L Long. 0.0949 0.4973 83.5 77.3 125
A-2L Long. 0.0946 0.4977 83.9 77.9 13.0
A-3L Long. 0.0947 ,0.4985 83.5 771 13.0
A-1T Trans. 0.0948 0.4983 85.2 749 13.0
A-2T Trans. 0.0948 0.4985 85.2 73.7 13.0
A-3T Trans. 0.0948 0.4983 85.4 74.4 12.5
0.25 PLATE B-1L Long. 0.2557 0.5025 83.5 78.2 13.0
B-2L Long. 0.2554 0.4952 828 7.2 13.0
B-3L Long. 0.2556 0.4957 83.3 7.7 13.0
B-1T Trans. 0.2588 0.5010 844 73.6 13.0
B-2T Trans. 0.2587 0.5020 83.8 73.0 125
B-3T Trans. 0.2588 0.5018 84.1 72.0 13.0
0.375 PLATE C-1L Long. 0.386 0.5015 84.4 42.4* 14.0
C-2L Long. 0.3851 0.4997 84.4 79.6 14.0
C-3L Long. 0.3861 0.4995 84.0 78.1 13.5
CcaT Trans. 0.3858 0.4993 85.7 61.0* 12.0
Cc-2T Trans. 0.3858 0.5000 85.5 74.6 12,5
C-3T Trans. 0.3859 0.4994 85.6 75.2 10.0
0.25 ANGLE ANGLE-1L Long. 0.2492 0.5000 89.3 61.9* 12.0
EXTRUSION ANGLE-2L Long. 0.2473 0.4900 88.9 80.4 115
ANGLE-3L Long. 0.2495 0.4983 89.5 81.3 115
ANGLE-T Trans. 0.0825 0.1280 834 75.3 13.0
ANGLE-2T Trans. 0.0823 0.1284 78.3 1.2 12.0
ANGLE-3T Trans. 0.0823 0.1288 79.0 70.7 12.0
0.188 TEE TEE-1L Long. 0.1857 0.4993 88.4 80.8 9.5
EXTRUSION TEE-2L Long. 0.1844 0.4983 87.8 80.3 11.0
TEE-3L Long. 0.1860 0.4983 879 80.7 11.0
TEEAT Trans. 0.0805 0.1282 82.3 71.8 12.0
TEE-2T Trans. 0.0801 0.1287 79.7 71.7 12.0
TEE-3T Trans. 0.0795 0.1282 79.8 72:2 14.0

*Values not considered in computing average properties



R-CURVE DATA - SPECIMEN A-3~CCT

7075-T6, B = 0.0901 inch, w = 12,0 inch, A = 1.081 inch,

6

E = 10.4 * 10° psi, 2C; = 3.993 Inch

LOAD, CcoD Ga K ACe
p (kip) (inch) (inch) (ksi Win.) (inch)
19.2 0.0160 1.995 47.76 0
24.0 0.0207 2.06 60.97 0.065
26.0 0.0232 2,075 67.44 0.130
28.0 0.0257 2.18 73.89 0.185
28.4 0.0261 2.19 75.18 0.195
28.4 0.0271 2,25 76.60 0.255
29.0 0.0288 2.345 80.54 0.35
29.48 0.0298 2.375 82.62 0.38
29.48 0.0356 2.76 92.72 0.765
30.24 0.0372 2.82 96.82 0.825
2C/w = 0.333, CEB_ = 0.71, shift 0.781 - 0.71 = 0.071

T




R-CURVE DATA - SPECIMEN B-3-CCT

7075-T6, B = 0.1825 inch, w = 12.0 inch, A = 2.190 inch,
E = 10.4 + 10° psi, 2¢, = 4.005 inch

LOAD, COD Ce K AC,
p(kip) (inch) (inch) (ksi Jin.) (inch)
216 0.0089 2.00 26,57 0
30.0 0.0129 2.075 37.80 0.075
35.0 0.0152 2,105 44,53 0.105
40.0 0.0180 2.16 51.78 0.160
40.9 0.0157 2,195 53.53 0.195
42.0 0.0195 2,225 55.48 0225
43.0 0.0204 2i:21 57.60 0.27
44,0 0.0209 2,28 59.12 0.28
45.4 0.0219 2.30 61.38 0.30

NOTE: Two partial return slopes equal to measured _gg_n VOLUME ABOVE.

Precracked—z‘-;i = 0.33, CEB = 0.71, shift = 0.782 - 0.71 = 0.072




7075-T6, B = 0.183 inch, w =

R-CURVE DATA - SPECIMEN B-4-CCT

12.0 inch, A = 2,196 inch,

E = 10.6 - 10° psi, 2, = 3.995 inch
LOAD, coD iy K ACs
p(kip) (inch) (inch) (ksiAfin.) (inch)
25.0 0.0102 2.00 307 0
30.0 0.0127 2.07 37.6 0.07
35.0 0.0152 2ol 44.5 0.11
40.0 0.0180 2217 51.8 027
41.0 0.0192 227 54.8 027
42.0 0.0198 2.28 56.3 0.28
4245 0.0203 2:30 57.3 0.30
42.5 0.0210 2..345 58.2 0.345
43.0 0.0211
44.0 0.0218 2435 60.2 0.35
2c,

1

NOTE:

= 0.332, CEB = 0.71, shift = 0.778 - 0.71 = 0.068

Slight buckling indication on partial unloadings.




R-CURVE DATA = SPECIMEN C-3-CCT

7075-T6, B = 0,3862 inch, w = 12.0 inch, A = 4.634 inch,

E=10.4 - 106 psi, ZCi = 4.00 inch
LOAD, coD Ba K AGs
(kip) (inch) (inch) (ksi in.) (inch)

48.0 0.0096 2.00 28.26 0

60.0 0.0126 2.10 36.20 0.10
70.0 0.0150 2.12 42.44 0.12
74.0 0.0165 2.22 46.13 0.22
78.0 0.0179 2.27 49.38 0.27
80.0 0.0189 2.33 51.59 0.33
82 0.0200 2.40 54.02 0.40
84 0.0212 2,52 57.38 0.52
86.3 0.0233 2.64 61.10 0.64

2C

Precracked

= 0.333, CEB = 0.71, shift 0,803 - 0.71 = 0,093.




SECTION III
DOUBLE LAP JOINTS

The following pages present tabulated crack length versus number of cycles
data for the fourteen precracked double lap joint specimens along with a
graphic presentation of the crack path shown on face-to-face pages to facili-
tate cross reference. Specimens 4.6A-1 through 4.6A-10 are thick double lap
joint specimens, and 4.6B-1 through 4.6B-4 are thin double lap joint specimens.
The initial damage conditions for each specimen* were listed in Table 2 of

Volume I. The applied cyclic stress was Smax = 17 ksi, R = 0.1.%

On the following data tables, the notation is as follows. In the double
lap joint specimens the fasteners are numbered 1 through 6 in the precracked
row (Row 2) and 7 through 12 in Row 3, where some secondary cracking often
occurred. Side "A" is the fastener-head side of the specimen and Side "B" is
the collar side. Thus ay, is the length of a crack on the head side of the
specimen originating at Fastener Hole 3 and growing toward Hole 4, while
b12—ll is the length of a crack on the collar side, originating at Hole 12

and growing toward Hole 11.

In some cases cracking occurred at the outermost fastener hole and grew
toward the free edge. In this instance, the notation "E" is used to denote
the edge of the specimen. Thus ajp is the length of a crack in the skin
originating at Fastener Hole 7 and growing toward the edge of the specimen.
Crack lengths are in inches as measured from the edge of the hole on the

visible outer surface.

In other cases fretting cracks occur away from the fastener holes. A

fretting crack on the head side of a double lap joint specimen, originating

n
F4
the length is simply the total length as measured on the visible surface.

between fastener Rows 2 and 3 directly above Fastener 4 is labeled "a and

To further clarify the notation a sequence of sketches is given for

Specimen 4.6A-5 showing how the damage developed in this specimen.

*Except for Specimens 4.6A-9 and -10 which were identital to Specimens 4.6A-3
and -4 but were Phase II spectrum tested with a reference maximum spectrum
stress of 30 ksi.
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SECTION IV

SINGLE LAP JOINTS

Crack growth predictions and test data are summarized in this section for
the single lap joint specimens. Predictions are available only for Specimens
4.7-1 through -8, which were constant amplitude tested. Specimens 4.7-10
through -13 were 80-flight spectrum tested. Simplified crack growth life
predictions were made for these specimens based upon the corresponding constant-
amplitude results, but no detailed prediction of cracking sequence was done.
There are three constant-amplitude predictions corresponding to three combina-
tions of fastener clearance and continuing damage condition. Figure 2 shows
the predicted damage sequences as well as the estimated crack lengths versus

applied load cycles for these three predictions.

Crack growth data are presented in the following tables in terms of crack
length versus number of cycles along with a graphic presentation of the crack
path for the twelve single lap joint specimens tested. They are presented
face-to-face to facilitate cross reference. Specimen configurations and
initial damage conditions for each specimen are identified in Figures 4 and 6

and Tables 2 and 4 of Volume I.

0f the twelve specimens, Specimens 4.7-1 through 4.7-8 were constant
amplitude spectrum tested, and Specimens 4.7-10 through 4.7-13 were 80-flight
spectrum tested. The applied cyclic stress for the constant amplitude tests
was Smax = 17 ksi, R = 0.1. There are two reference maximum stress levels
sap ™ 25 ksi for Specimen 4.7-10 and
S = 30 ksi for Specimens 4.7-11 through 4.7-13. The load sequence of

ref
the 80-flight spectrum is shown in Figure 7a of Volume I.

for the 80-flight spectrum tests; S

The notations used in the following data tables are similar to those used
on double lap joint specimens in Section III. The fasteners are numbered 1
through 7 in the precracked row, with the precrack at Fastener 4. Side "A"
is the fastener-head side of the specimen (hence, the skin member) and Side
Side "B" is the collar side (hence, the doubler). Thus a3 is the length of

the main crack in the skin, originating at Fastener Hole 4 and growing toward

Fastener Hole 3. 39



CLEARANCE FIT, CONTINUING DAMAGE, SPECIMENS 4.7-2 AND 4.7-3
O O0.00S O0.0SO OOOOS O‘ 0. SO_ 0.005 ,
0.230 0.415 0.230 .230 0.230 18500
O L)L L=
0.050
N\ 7 0466 .466 28800
O O—0O0O—"0O=0F0= s
29650
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CLEARANCE FIT, NO CONTINUING DAMAGE, SPECIMENS 4.7-1 AND 4.7-4
O O O™0O0 O O 0
0.050 0.415 18500
O O™O%*0 O O &%
0.700 /\ 28800
O W CYCLES
0.740 0.050 29000
CYCLES
/\ 0.250 29650
./ CYCLES
O 31000
CYCLES
INTERFERENCE FIT, NO CONTINUING DAMAGE, SPECIMENS 4.7-5 TO -8
OO 0O OO0 O O
0.05 0.415 18500
O OO0 O O
0.700 28800
(H:D (]]:D CYCLES
O—CO—A0D O O 3
e CYCLES
0.05 41100
QID CYCLES
O—0—O0—0—0 0O &
CYCLES

Figure 2. Predicted Crack Growth Sequence,
Single Lap Joint Specimens
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In some cases cracking occurred at the outermost fastener hole and grew
toward the free edge. In this instance, the notation "E" is used to denote
the edge of the specimen. Thus a is the length of a crack in the skin

7E
originating at Fastener Hole 7 and growing toward the edge of the specimen.
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DATA SREET No(s) : 3s87472-74

TEST OATE(S) : @-2-76 TO

spEcimeN  4.7-7 i
N | Q43| Q3 | | | |
20020 | 0.1S | | | | |
20000 | 0,129 ; ; | ‘ -
22000  0.172 ; '
23000 | p.202 !
24000 ©.240 |
26000  0.266 - B
20000  0.280 B B
37000 | 0.325
28000 | 0.3¢% —
29000  p.424 | :
30000 0.504 | \
3/ 000  0.56( I |
22000  0.620 ! 3
33900 o 26 f
24000 0,766 :
35 ©00  BROKE
ihece T
4(000 0.09%
42000 0.3S7
42500 0.3¢43
42800 0.4!4
43100 0.4497
43400 0.578
43700 0.696
43800 ».726 :
s 0853, popuo-soumos AT
447497 FAILURE 44360 CYCLES, ND

NEW cRACKs SEEN

!

FORM LAC 38

WORK SheeT
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Spec(meny 4.7-8
DATA $wieT(s) : 35475 - 78

TEST OATES) » ;‘-zs 26 T

24 -76

N Q43 Qes Qs Ay @, (R @,.) ,‘ |
24y10°  0.32 : | : :
2606 0,182, : ; | ; 5
2.8 0.233 ; i | %
32 0340 ! ' i | ‘[
38 Asdl : i {
71 0.558 , i |
40 0.650 . ; | ;
Y2 oo ’ | .
4.4 0.81% ; ;
¢2-7 0.8’\“6 . |
¥3.2 K Te ou14 | |
4¢. | 0.214 | .
4¢. | v, 329 !
45.% 0.41S !
4%6.b 0.526
4/. 2 0.650
“.b 0.279
41.7 P T2neR.
56.3 0./30
rév‘* 0.183
$6. & 0.28§
x}.08 0.398
£7.2% 0.428
57-3§5 0.572
5745 e T
c8.% 0.2(0
y8.45 0.470
8. 415 crik 0 ()
g .509 S s
s§ 573 Fail URE

NOTES = (1) ¢ RACK ORWGINATED RAWYY FRopl NGT SECTON
BETWEEN) [HULE & AND HoLE 6 : -
(2) CRACK WAS FRST OBSERVED FRoM (s IENER

To FASTENETL
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DATA SHEET(S) : §73315-19 TEST DATE(S) : 3-23-77 7o

-25-77
SPECIMEN  47-10 -
FLTS Qys
?.9 x03 0.16 0 *surfmE bimpe
Q.12  eo.éo ' L
9.24  ©0.(87 :
q.36 0.145
9.48  ©.230
9.84 0.232 |

(0.24 | 0.265
(0.64 [ 0.278
(0.7 | ©0.285
10.88 ' 0.295
(0.96 ©.300

(1-36  0.308 ’
[2.16  ©.337 ; l
(3.686 6390 ; ;

(S-2 0.42.8
_16.72 0.50S
(704 0.528

(2.44%  0.546.
17.8¢ p.572
(8.4  0.59%
(8.56 0.607

19.9¢  0.656
19-36 0.680
(976 0.7/8
20.72 0.780:
11,04 |GekTe

288¢ FaiLvRE _ . : E

=5 e TEe S S R IS

FORM LAC 38 WOKK SHEET
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DATA SHEETS) : 7 3328—-24

SPECIMEN) <7-1/

TEST DATE(S) :

G4-6 -77

FLTS | Qg3 i f . | | ‘

(eRa | e | ! : | :

6o 8o — ; : |

7600 | 0.132 | * D(MALE ON SURFACE l

120 [ 0.265 P ‘ |

Q440 | 0.297 ‘ B
(0240  0.348 _—-
(0640 ' 0.36S . —
/(120 | 0.385.
/1760 | 0.420
[2(60 ' 0.485 S
(2560 @ 0.485

(2800 | 0.508 . e
(3040 o0.52%

/3360  0.55¢

/3680 0.578

/13920  0.6%0

(4080 0.678

@I/ i,

162008 —

(6720 —

(819 FarcvrE

FORM LAC 38

WORK SHEET
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SPECI(MEN &4.7-12
DATA SHEET(S): §73325 ~27 TEST DATHS) : Yot b-77— $-25-7

FLIS | Qg3 Qqs |

7720 0,308 ; : ; :

7600 0,339 f 5
7920 | 0,35¢%

8320 0273

8720 . 0.383

Qr20 0.4/ |

G440  0.428

9820 . 0,447

(0240 | 0.470:

(0640  0.49]

(o960 0.510

(360 0.568 -
(2160  0.6/9 ‘ :
12640  0.6€2 *
13200 0.6498

/13440 0.707"

13680

14040 0.723
(4400 ©.800
(4640  0.864

/14800 0.430

[£T10 'CREK e ‘ . ; !
1S200 ‘ f 5 !
16720 a i ‘

(8240 ' !
[ 9760 | i 2 ; i |
20(60 | 0.26/ : . ’
20280 ' 0.324 |
20400 | | 0-432
20440 | FAILVERE

|

| i |
|
| i

FORM LAC 38 WORK Shéif
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SPECIMEN hT7-/3

DATA SHEETTS) * §73320-22

TEST DATELS): 3-30-77 To

S~ 27

Bers, | g deel Aap’ E

4160 DIMPLE ‘ | :

4s6o | 0,203 i ;

o880 | 0.280 ] | ? |

240 | ©03%8 ; —
7600 | 0.370 i —
8320 0.414 1 g
8720  0.43]_ —
Q120 | 0455 ! —
devo ' o.489 ; —
9840 0.508 _
(0240 . 0.8527

10640 | 0.544%. ;
{20 0.604 :
/t360 0.1 !
1760 0.74 3 ]
/t8o00 0.815"

11880 | 0.860

2020 _0.920

(2060 CECETO

(6720 0.238

16800 o'zbg_

(6880 0.249

(7040 0.329

({7120 0.379

5725 B A |

(78‘0 0-’08 *

17870 FAILVRE ‘

€ORM LAC 38

WORK SHEET
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SECTION V

TEE-REINFORCED CONTINUOUS SKIN SPECIMENS

Crack growth data and predictions for the tee-reinforced specimens with
continuous skin are presented in this section. A total of twelve specimens
were tested, all under constant amplitude fatigue loading at Smax = 17 ksi,
R = 0.1. The configurations and the initial damage are shown in Figure B-1
(Appendix B) and Table 3 of Volume I.

The format of data presentation is similar to the formats of previous
sections, in that a graphic presentation of the crack path is added to the
tabulated data shown previously. Three schematic views of the central test
area of each broken specimen (a sectional view, a top view, and a side view)
are shown together with the growth curves to aid in visualizing the actual
crack path. The tabulated data and the graphic presentation of crack path

are shown on face-to-face pages to facilitate cross reference.

The notation of a; and bi are still used to denote crack lengths for
cracks on the head side and the collar side, respectively. In addition, the
letters A, B, C, etc., are used on the sectional view to indicate locations of
thin marks left on the fracture surface by the application of low-amplitude

marking cycles.

A stop-drill hole was put in the skin, when necessary, about 1.6 inches
from the edge of the fastener hole from which the crack was originated. The
stop-drill hole was to prevent the rapid cracking of the skin and enable the
accumulation of further crack growth data at the other end of the crack. A
nominally 0.375-inch diameter hole was used, and a clearance fit, fully-torqued

Hi-Lok fastener was placed in the hole to further retard the crack growth.
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@Eeaee ©® ©

SISO

NOTES FOR ALL TEE-REINFORCED CONTINUOUS~SKIN SPECIMENS

Initial crack lengths measured at faying surfaces before assembly. All
other length measurements are at externally-visible surfaces.

Marking cycles A, B, C, D, etc. produce thin marks on the fracture
surface. (See fracture surface view on drawing.) Numbers in paren-
theses indicate marking cycles, Smax = 17.0 ksi, R = 0.83.

In radius of tee.

Arrests at hole.

Under head of rivet.
Arrests at edge.

Rapid propagation to edge

Stop drill 0.378 diameter hole; install clearance-fit HL50-12-6 Hi-Lok
fastener with steel washers in collar and 190 in.-1b torque.

Initial crack depth measured on fracture surface.
Crack dimension is on faying surface.
Arrests at edge. Tee fails completely.

Complete failure of tee.

FLAW
ORIGIN
HOLE
ag
A
84 —
2 < — 31
b2< —» b1
by €¢—

NOTATION FOR SPECIMEN TYPE 4.8-1-X
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\
DATA  SHEET No. s TaTE <ESTED

§70286 =3 SPECQIMEN 4.8-1-\ “-\3-7¢
N | Oy § oy | @g ) s || blﬁ: by | by
o | osg” o™ | 060" .o20”. ?
- loymeLe | 82 | ! | ?
A%AEK(\S\ ' ESAME | i ' ! E
& | L .06 | ! i !
8 E .19 | 'a g
T — | 157 097 | '
g2Mark(lo) | tee Y | ‘
12 | .24 | ' R | |
% \s \! | J2a2 : L2557 | :
e (10) ,287 262 !
i : 23S 3 ‘ 34z
@ | .. 400 | 43 | E
20 © A474 |
poMark (16), . 82 480 i
22 3 229 .S34 |
23 : 3 258 .e33 |
248 | L ,a2e .76
=2Mapr10) [©) 329 ' ,728
- 3\0 479 .00
27.4% 047> s &
2825 ' }s OIS n
29 ’ {439 __La7s
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