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FOREWORD

This report describes work on dimensional similitude requirements for plane stress fracture
mechanics testing accomplished in the Structural Test Laboratory of The Boeing Company
Transport Division. The testing was conducted from September 1960 through January 1961,
and the test results were reportedinStructural Test Laboratory Test Progress Report 92-0H,
dated 6 June 1961, The testing was performed by Mr, R, Forman and Mr, E, Schwenk under
the approval of Mr. S, Engstrom.

In addition to the test results on similitude requirements, the test results also contributed
data on slow crack extension, erack buckling, and crack tip yield zone size. This data is
particularly important for substantiating recent theoretical studies in fracture mechanics,

This report was written by Mr, R. Forman, Aerospace Engineer, Theoretical Mechanics
Branch, Structures Division, Air Force Flight Dynamics Laboratory under Project No, 1467,
“Structural Analysis Method,”” Task No, 146704, “Structural Fatigue Analysis,’’ Approval for
publishing the Boeing Company fest data was givenby Mr, D, R, Donaldson, Unit Chief, Struc-
tures, The Boeing Company Supersonic Transport Program,

Manuscript released by author July 1965 for publication as an RTD Technical Report,

This technical report has heen reviewed and is approved,

‘ !*/

FRANCIS J. JANIK, JR.
Chief, Theoretical Mechanics Branch
Structures Division
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ABSTRACT

This report presents test results on dimensional similitude requirements for plane stress
fracture toughness testing of centrally notched Griffith panels. In addition to the similitude
requirements data, the report also presents test results on crack buckling, slow crack exten-
sion, and crack tip yield zone size, This data is particularly useful in substantiating recent
theoretical studies in fracture mechanics,
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Tult

SYMBOLS

Young's modulus

applied axial force on specimen
)

ke
E
length of specimen measured between grips

T y fracture toughness parameter
0, + Aa,half crack length

initial half crack length

half crack length extension

half panel width

o, \/a- a , stress intensity factor

(e
I, ﬁ @ , stress intensity factor at fast fracture

20, total crack length

effective crack length for buckling

20 /2b, ratio of crack length to panel width
specimen thickness

yield zone size

yield zone length

half yield zone width

cartesian coordinates
2int+2)
( nd +2n8-3a% —4nl +24

)I’ 2 | finite width correction factor

T Tg

29yp

F/2bt, gross area stress
F/2(b-a)t, net area stress
material tensile yield stress

material tensile ultimate stress
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SECTION |
INTRODUCTION

Tests have been conducted on the follow-
ing materials to investigate the dimensional
similitude requirements for testing plane
stress fracture toughness:

063 gage 7075-T6 aluminum sheet
060 gage 2024-T3 aluminum sheet
060 gage 2024 -T81 aluminum sheet
020 gage AM360CRT steel sheet
.020 gage AM355CRT steel coil

.

. -

[+ -0

Essentially, the purpose of the test program
wasg to determine the change infracture tough-
ness due to the following variables:

1. Stress level and crack length

2, Panel length to half crack length ratio
(L/a)

3. Crack length to panel width ratio (2a/2h)

In addition, an extensive amount of data was
recorded on such things as crack buckling,
slow crack extension, and crack tip yield
zone size, The buckling and yield zone size
data was useful incheckingexisting equations
for the buckling stress and yield zone size
dimensions,

Crack buckling was considered important
because there aretwouses for fracture tough-
ness data, one for material evaluation and the
other for determining critical crack sizes in
structures., For material evaluation, the
effect of buckling should be eliminated, but
for structural analysis, the effect of crack
buckling should be taken into account, Thus,
for most specimen sizes tested, two speci-
mens were tested with greased stiffener
plates lightly clamped against the panels, and
one specimen was tfested without stiffener
plates to allow buckling to occur,
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SECTION I
SUMMARY

This fest program has shown that the plane
stress fracture toughness of centrally-
notched Griffith panels will remain relatively
constant with changes in panel width and panel
length if the crack length remains constant,
However, the plane stress fracture toughness
was found to be considerably affected by the
stress level, crack length, and crack buckling
deflection, In general, when buckling was
prevented, the fracture toughness increased
with increasing crack length, The effect of
crack buckling deflection tended to decrease
the fracture toughness values,

A noticeable result of the change in frac-
ture toughness was the variation in the slow
crack extension and the yield zone size at
crack instability. As the fracture toughness
for each material increased, the amount of
slow crack extension and the yield zone size
at instability both increased.

Other useful results of the test program
were that experimenfal measurements for
huckling stress and yield zone size agreed
satisfactorily with particular theoretical so-
lations,
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SECTION 11l
TEST PROGRAM

1. OUTLINE OF TEST PROGRAM

The essential variables in the test pro-
gram were crack length, panel width, and
panel length, The effects of these variables
can be listed in the following order:

a. Crack buckling deflection

b. Variation in fracture toughness with
{1) panel length
{2) panel width
(3) crack length

¢, Slow crack extension

d. Yield zone size

These effects are all discussed and the test
results are presented in Section IV Results
and Discussion,

2, TEST SPECIMEN DESCRIPTION

The specimen materials for the test pro-
gram are listed as follows:

.063 gage 7075~T6 bare aluminum sheet
060 gage 2024-T3 bare aluminum sheet
060 gage 2024-T81 bare aluminum sheet
020 gage AM350CRT steel sheet

020 gape AM355CRT steel coil

opoTE

The specimens were all centrally-notched
Griffith panels, A sketch of the specimen con-
figuration is shown in Figure 1. Except for
the effect of L/a testing, all specimens for
each series of tests (for example, specimens
16A through 21A or 16B through 21B) were
taken from the same sheet of material,

Tensile coupon tests were also conducted
for each material to determine the material
properties, Six coupons {three longitudinal
grain and three transverse grain) weretaken
from one broken half of a 24 inch by 48 inch
panel for each material. The coupons were
taken from the area adjacent to the sawcut
in each panel, The results of these tests are
listed in Tables T and II, The load versus
strain curves for a longitudinal grain coupon
and a transverse grain couponfor each mate-
rial are shown in Figures 2 through 6.

3. TEST PROCEDURE

All tests were run in a 300 KIP Baldwin
Static Test Machine under the following con-
ditions:

Temperature: 70" +5°F
Atmosphere: Air
Approx. Load Rate: a, 50 KIPS per minute
from gzero load to
start of slow crack

extension,

b. 5 KIPS per minute
from start of slow
crack extension to
specimen failure,

A photograph of the test setup is shown in
Figure 7. The slow crack extension was
measured at each end of the crack by visual
observation. Grid lines were drawn about
0.1 inch apart on each panel. When the crack
reached a grid line, loading was stopped, and
the crack length was estimated to the nearest
0.03 inches, and the load was recorded, The
critical crack length was the length at which
the crack began to extend with no increasein
load.

For the 2024-T3 and 2024-T81 unstiffened
specimens, the buckling deflection at the
center of the crack was also recorded. The
deflection was measured with a dial indicator
held against the edge of the crack on the
centerline of the panel.

All fracture tests were conducted without
prior load cycling to obtain fatigue eracks,
This was considered acceptable due to the
large yield zone size to notch tip radius ratio
for all specimens, Furthermore, the purpose
of the program was to measure irends in
experimental results, and the difference be-
tween a fatigue crack and a sharp notch would
not have appreciably affected the observed
trends,

In calculating the fracture toughness, Gc’
the correction factor, a , was used only to
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account for the finite width of the specimens,
No correction factor was used to account for
the crack tip yield zone because it was de~
termined that the variations in Gc would not

have appreciably changed if a plastic correc-
tion factor (forexample, the one in Reference

3) had been used.
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SECTION v
RESULTS AND DISCUSSION

1, CRACK BUCKLING DEFLECTION

The results of the crack buckling deflec-
tion measurements are shown in Figure 8
and 9, The stress levels at which the stress~
deflection curve makes an apparent change
in slope was estimated to be the buckling
stress, Figure 10 shows the comparison of
Liw’'s (Reference 1) theoretical buckling
stress and the experimental results. The
test results show that the effective crack
length, ﬂe, should probably be hetween
ﬂe = §/2 and Ee = £ /3 for the most accurate

golution,

2., VARIATION IN FRACTURE TOUGHNESS
WITH SPECIMEN DIMENSIONS

Variation in Fracture Toughness with Panel
Length

The results of these tests are listed in
Tables III and IV and are plotted in Figures
11 and 12. The results indicate that for a
given crack length, the fracture tfoughness
will remain constant for values of L/a greater
than 3. Since most fracture tests are con-
ducted with L/a greater than 4, there norm-
ally should be no discrepancy in test results
due to the length of the specimens,

Variation in Fracture Toughness with Panel
Width

The results of these tests are listed in
Tables V and VI, The results indicate that
for a given crack length, the fracture tough-
ness is moderately affected by the variation
in panel width. This test was actually an
attempt to determine the effect of the net
area stress level while maintaining the crack
length constant, The results indicate that the
net section stress level has an effect on the
value of the fracture toughness.

Variation in Fracture Toughness with Crack

Length

The results of these tests are listed in
Tables VII through XI and are plotted in

Figures 13 through 16, The variationincrack
length was accomplished by varying the panel
width while maintaining the ratic of crack
length to panel width constant, The curves
show that the crack length has a pronounced
effect on the value of the fracture toughness.
For the stiffened specimens, the fracture
toughness always increased with increasing
crack length. For the unstiffened specimens,
crack buckling affected the results and no
general trends were determined, except that
buckling appreciably reduced the fracture
toughness, The results of the stiffened
7075-T6 aluminum tests shown by the curve
in Figure 13 are interesting because the curve
indicates the crack length at which buckling
commences to reduce the fracture toughness,
Using the buckling equation given in Figure

10 and letting £e=$—2ﬂ, the unstiffened 7075-T6

panels should have startedbuckling at a crack
length of about 2 inches, The fracture tough-
ness curve in Figure 13 shows that this is
approximately the cracklength at which buck-
ling started to reduce the fracture toughness
value,

3. SLOW CRACK EXTENSION

The results of the slow crack extension
measurements are shown in Figures 17
through 23, Essentially, four conclusions can
be made concerning these results, These
conclusions are:

4. The amount of slow crack extension be=-
fore fast fracture increases with anincrease
in initial crack length,

b. The fracture toughness increases with
the increase in amount of slow crack exten-
sion,

c. The onset of slow crack extension for
each material but for different initial crack
lengths occurs at a constant value of the stress
intensity factor k.

d. The curve of slow crack extension versus
stress intensity factor plots as astraightline
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on log-log scale, and thus the amount of slow
crack extension can be expressed by the
equation

n

Aa = ck {1}

where ¢ and n are constants for particular
materials.

4, YIELD ZONE SIZE

Photographs of an enlarging crack tip yield
zone observed in AM350CRT Specimen
No. 33B are shown in Figures 24 through 29.
Similar yield zones were observed in all the
AMS350CRT and AM355CRT specimens, Fig-
ures 30 through 32 show measurements of
yield zone sizes and the comparison of theory
with experimental resulis.

Figure 30 shows the excellent correlation
between the Dugdale (Reference 2) solution
for the yield zone length and the lengths
meagured from the photographs in Figures
24 through 29, Figures 31 and 32 show how
the Dugdale solution can be related to the
stress intensity factor, k.

The Dugdale solution for the yield zone length
is

w*=a(ucﬁ-li (2)
where
ro
B = o2
20'”,

If sec 8 -1 is expanded into 4 terms of a
series, the solution can be expressed approxi-
mately as

W Bt 5 _a
- Tt At

LI gt 277 g0

720 8064

Then, making the substitution

2
()

The solution becomes

(4)

where

For long cracks, the solution becomes

approximately

e+ () (s)

which is 1r2/4 times the Reference 3 solution,
expressed as

2

e () o

In Figure 32, the theoretical solution for
a = 1 does not appear to agree with the ex-
perimental results, However, the experi-
mental points take into account the actual
crack length after slow crack extension and
the a = 1 theoretical curve should not agree
with the experimental points.

Figure 33 shows the variation in kc with
yield zone size. As can be expected, kc in-

creases with the yleld zone size at onset of
fast fracture,
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Figure 14, Variation in G, with Panel Width at Constant a_/b for 0. 060 Gage
2024-T81 Aluminutn Sheet
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Figure 15. Variation in G, with Panel Width at Constant ao/b for 0.020 Gage
AM350CRT Steel Sheet
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4800 ® A SPECIMEN — UNSTIFFENED
A B SPECIMEN —STIFFENED
: 1 ¢ SPECIMEN —UNSTIFFENED (
4200 /z
/
A
A
3600 y
1 > 3000 /
: /
-J
of
| =
E —
2400
o S
o al
1800 I A Y O
/@ Ll \g\
O
1200 O/
600} NOTES:
I o, = 222,400 PSI
2. 0.38 < a/b < 0.42
3.I LONGITUIDINAL GRAIN DIRECTION
o 1 |
0 4 8 12 16 20 24

2b, PANEL WIDTH {IN)

Figure 16. Variation in G, with Panel Width at Constant a,/b for 0. 020 Gage
AM355CRT Steel Coil

23



AFFDL~-TR~65-146

199YS wmutmniy £.I1-¥20%

o8eD 090 °0 107 ‘e ‘YIBue yoBAD JBH Ym % UL UopELIBA LT 8andid
{'NI) D ~ HLON3T %OVHO J47VH
0's S'v o't g’ 0'¢ §'2 02 Sl o'l 50 o
i I 7 I ) Y ——
| I “ | I “
1sd loop'sy = %% g _ “ " [
NOILD3NIa | | | , !
. NIV¥O 3SHIASNVHL ‘2! “ 1 m “
08 = o, ‘e £ A’ i ! ! ! |
v+ | :saioN ! “ _ _
3uMivs o | _ “ _
(G3N34ILS) NIWID3LS 8, 0f | ) !
(Q3INIJHILENN) NIWIDIdS .V, ¥ _ _ ! J
T 1 _ I i |
_ _ | _ I I
91 '23dSs! | _ I I
pa | ON&W_ _ | | |
v ] 81°'03dS, 6l'93ds| 02 03ds! y 12 "03dS
LJ — m T
_“ | I _ |
41 Y g _ |
| I H i | “
7 2| ¥ |
d\ o / Y ! _ |
v T 7 1 1 t 1
. ] v ]
E.dr% ﬂ d _u\dz\ ..__ .._ | "
! o ! “ I
w ] 2 mamum _ “
[
o \n d ; ¢ |
m.o.o.ﬁ.w\o &b \0\ , % “
- o) o) !
@< a® b "
I
G\m\r oo~

000§

000'01

000'G1

000'02

000's2

000'0¢

~ SS3HIS VIV SSOuO

O

(isd)

24



AFFDL-TR-65-146

a8eD (90 "0 10} ‘e ‘ISUSTT MOBID JIEH UM

jo9yS WNUIWNIY 18L-¥503
D ur UOTIBLIBA Q1 9Jn3rg

("NI) O —HIONIT NOVHO dJIVH

0's St 0P s'e o€ s'2 gt ol S0
1 ¥ 1 T 1) I
| _ _ _ | _
l | | | | |
1 I I _ | i
“ | | I [ |
| _ _ _ _ i

T _ m " _
|
I | ] | " |
| “ _ “ ! |
\.n.ommm“ 8¢°03ds! mm.oun_m“ Ov "03ds; 1% "03dS| TTomam
I
." 1 “ _q | _
)
Jg 4 i L
o, ') t l I
oo © ¥i em._ I | _
! I ) I
Jotv g m_%%m . ! _
o) g 7 e 1 T
2i®” o o] \a\& I I
De\o \\ 3 / |
o’ ® e\e\ A “
5 - It !
Isd 000'ze =90 ¢ 2 _
NOILO3YIa . }
NIVHO 3SHIASNVYL 2 Py “
0v'0 = ,o|...|o ‘€¢0 = "0 ) m%\ /)
LoVt 'S3LON o I
~1 . wGw
\-
JyNIv4 O I
(G3N3J411S) NINIOI4S 8, O R%
(QANTJJILSNN) NIWIDIAS LV, ¥

000¢

000'0I

000'GI

000'02

(1Isd}) % ~ $S3IYIS VIHV SSOH9

000'c2

25



AFFDL-TR~65-146

os

G

a8en g0 "0 I07 ‘B ‘Yiduer] }OBID JTBH YIM

14 0'v

UND o9 + °0 ~ H1ONIT OWHD J1VH
‘¢ g2

S'f

0

199Yg 18918 LHO0SENV

3

0 Ul UOTIBIABA

o2

Sl

o

*6T @andrg

S0

Jo

_
0€ "03dS;

€ .omn_m" 2% '03dS

£€°'03d m“

€ '03dS

“mm 03dS

——

ISd 006°002

e

e e e Ny oy ey oy e e s

hae

—4_

— ey P— — — —

q

=%

NOILO3HId

NIVHO VNIGNLIONGT
880 £ ——— 's€0 =

OQL- D _

‘e

e
I

.S310N

4

\
[ .
ooalh.... O F S

g—‘—-

©]

a- ol

AY

b J
s
O Py

1~
e — —t

T '

h .

q

3dnvd

o]

{03N3441LS) NIWID3DS .8, ©

{J3N3J44ILSNN) NIWID3dS VvV, V

o

"""—-—__’-.___._——.———

er4

ot

09

oe

00l

ozl

63 J|

% ~ SS3YIS VIHY SSOHD

(1SM)

26



AFFDL-TR-65-146

0's

aded 020 °0 10F ‘e ‘UidueT YOBID JIBH UM

10D 10938 LHOSSENV

)

D Ul UOBLIBA (g oIndtd

N 99 + °0 ~HIONIT OVHO HVH
S'¥ ot G o€ s'2 o'z gl o'l S0
T ! T ] T ! !
R
[
22 .oumm“ nu.ummm“ 2 '03dS| gz oaasl 92 .omn_m" 229348l |82 '03dS
1 1 | 1 i | n_a
_ _ “ _ | ISd 00v'22z = "o ¢
__ _ _ z_o:oum_o NIvEo ._,ﬂz_o_._:ezoJ '2
! | I
_ m | _ovo s - —3 0= o
m_ ,m __ v+ _" I saLoN
_ ( |
o ,.wé-ﬂh\ v ! 4 /] V4 _ _
mﬂuﬂ ! vﬂ\ ‘ b/ Lv."m [ |
.. ! E4d ] !
/ v 1| vV ¢ vy !
2 d / ! b .ﬂ_
o] / .mw m ] )
No) mw.mv\ QQQ y ﬂ + .._ 1
oY o / ] |
[ -0 -
&--9 \mv‘.ﬁw .\ Mv %
| O gad .\,@ \@ !
ﬁ\o 3
s [}
£ S
[
o]
!
0}
Junivs @ d
(Q3N3441LS) NIWIO3dS 8, ©
(@3INIJ4ILSNN) N3IWIDAdS LV, ¥

02

ot

09

o8

00l

021

ovi

si) o ~ ss3auls vIHV SSOMO

27



AFFDL~TR -656~146

200
©
Q
180 2 A
oAl @
160 © &'ﬁ
140 Tot
= 120 703
B
b° 10}
e
100 X © 2b=24 o =40
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o
o.l 0.2 0.3 0.4 0.5 0.6 0.7

Aa, SLOW CRACK EXTENSION (IN.)

Figure 21, Variation in k with Aa for 0. 020 Gage AM355CRT Steel Coil
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Figure 22, Variation in k with Aa
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Figure 23. Variation in k with Aa
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DATA TABLE

YIELD ZONE ‘
g, = 38,400 PSI PISRSCSS——. |
4o +Aa = 2.50 IN, v
. iy =372 y

k 65,000 (B~IN. cRACK /

|
2wy, = .04 IN. *
we = .10 IN. wx

DATA TABLE

go = 52,100 PSI

ap, + Aa = 2.50 IN.

k = 88,200 LB-IN"2
2wy = .07 IN.

Wy = .20 IN.

Figure 24. Yield Zone Photographs from Specimen No. 33B
0. 020 Gage AM350CRT Steel Sheet
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DATA TABLE

o = 64,100 PSI

ag + Ao = 2.50IN
k = 108,500 LB-IN"3/2
2wy = Il IN.

wy = .28 IN.

DATA TABLE

6, * 72,700 PSI
ap + Aa = 2.50 IN.

k 123,000 LB-IN"3/2
2wy= .13 IN.

w = .43 IN.

i

Figure 25, Yield Zone Photographs from Specimen No. 33B
0. 020 Gage AM350CRT Steel Sheet
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%
ao

2Wy

4

n n

DATA TABLE

non +

DATA TABLE

80,000 PSI

Na = 2.35IN.
136,500 LB-IN,~3/2
.18 IN.

.52 IN.

87,100 PSI

Aa = 2.60IN.
151,000 LB-IN."3/2
.21 IN.

.63 IN.

Figure 26. Yield Zone Photographs from Specimen No. 33B
0. 020 Gage AM350CRT Steel Sheet
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DATA TABLE
6o * 94,600 PS|
a + Aa = 2.69IN.
k = 168,000 LB-IN"3/2
2wy = .25 IN.
wy = .85IN.

DATA TABLE

oo = 99,100 PSI

ag t+ Aa = 2.82IN.

k : 182,000 LB-IN-%2
2wy = .30 IN.

wxy = 1.OBIN.

Figure 27. Yield Zone Photographs from Specimen No. 33B
0.020 Gage AM350CRT Steel Sheet
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DATA TABLE

100,500 PS

Na = 2.87IN.
189,000 LB-IN3/2
.325 IN.

I.11 IN.

Q
[=]
u u 4 n

z
)
"

DATA TABLE
o, = 102,100 PSI
g, + Aa = 3.00IN
k = 197,000 LB-IN"¥2
2wy = .360 IN.
wy = .22 IN.

Figure 28. Yield Zone Photographs from Specimen No. 33B
0. 020 Gage AM350CRT Steel Sheet
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DATA TABLE
oo = 103,100 PSI
@ + Na = 3.08IN.

x
a

202,000 LB-IN."3/2
2wy = .390 IN.

« = 1.35 IN,

z
1

DATA TABLE

oo = 104,700 PSI

oo + QAa = 3.35 1IN,
k = 220,000 LB-IN"32
2wy = .45 IN.

wx = L1.B4IN,

Figure 29, Yield Zone Photographs from Specimen No. 33B
0. 020 Gage AM350CRT Steel Sheet
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Figure 30, Comparison of Theoretical and Experimental Plastic Zone Sizes
for Specimen No, 33B, 0,020 Gage AM350CRT Steel Sheet
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Figure 31. Variation in k with w for 0. 020 Gage AM355CRT Steel Coil
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Figure 32. Variation in k with w for 0. 020 Gage AM355CRT steelf Coll
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160 —F— _'7Z:
/ Ekc (a, =15}
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Figure 33. Change in k, with w for 0. 020 Gage AM355CRT Steel Coil
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TABLE I TENSILE PROPERTIES OF 2024 AND 7075 ALUMINUM
3 <
= ~ N
A o =
z - %§§ SRRy ame 2=
g & . o o2 ZRTH% =RTRS =4
SFQ (4 o ZUZE gzv H Z o~ 0o~
2 5 3 & e SHSE b o o &
[ =] gH pl H B =1 =
“ g DAk = W [7] <3 W]
1 B
1 [:::> .063 7075-T6 T 84,800 [::::> 10
2 T 84,300 75,500 11
3 T 85,100 75,600 11
4 L 83,700 77,100 12
5 7075-T6 L 84,100 77,600 10
6 [Z>1 .063 L 83,900 78,100 8
7 [:::> .060 2024-13 T 66,300 43,500 22
8 1] T 66,700 43,600 19
9 T 67,100 44,100 19
10 L 67,300 49,100 19
11 L 67,100 49,000 21
12 .060 2024-T3 L 67,600 49,100 21
13 .060 2024-T81 T 68,100 61,800 7
14 T 68,400 62,100 6
15 T 68,200 62,100 5
16 L 69,200 63,300 7
17 J 2024-T81 L 69, 300 63,800 7
18 [:::> .060 L 69,300 63,800 7

b Yield was not obtainable

b Taken from sheet for G. specimens 1B - 9B.

b Taken from a 24 x 48

Atmosphere
Test Temperature

C

Air
BD° F.

41

inch G_ specimen (sheet unknown)
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TABLE TI TENSILE PROPERTIES OF AM350 AND AM355 STEEL
5 B3 19}
~ A & ~4
= g = oo~ =
= Z H = oL
& ™ =, SB2 HED a2 g 05
g ] ] B & E g [G ~ ﬁ e <
H /M = 23 s = DO =R = U~y
[~V ] g H ol = 4 =
ut ¢ A (= =l A
- B
19 .020 AM355 T 250,000 199,500 17
20 # T 250,000 197,000 15
21 T 248,400 186,300 16
22 L 240, 000 222,700 20
23 L 240,500 224,200 17
24 [T> AM355 L 242,000 220,200 18
25 [ > AM350 T 219,300 184,100 15
26 T 218,800 184,100 14
27 T 220,200 184,100 14
28 L 213, 500 199,500 16
29 Y L 208,900 200, 400 15
30 (2> .020 AM350 L 211,300 201,900 16

[I:> Taken from coil for all G_. specimens

[§:> Taken from sheet for G, specimens 32, and 354

Atmosphere

Test Temperature

Air
80° F.
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TABLE TII

TEST DATA - EFFECT OF L/a ON Gc FOR
0.063 GAGE 7075-T6 ALUMINUM SHEET

SPECIMEN CONFIGURATION FATLURE
Sg?c. ?in) ?in) %in) (En) a?:ﬁga %gﬁg) (;21) (sgﬁﬁ ao+533 ke e
49 4.0 2?.0 14.9 L0645 | 4,32 (24600 {15900 | 24900 | 3.45 36000 | 380
50 4.0 1 15.0 L0640 | 4.27 |24350 15800 ] 24600 | 3.52 (35300 367
51 4,0 10.25| .0615 [ 4.33 |24900 [16800 | 26500 [2.37 [37900 ] 425
52 4,0 10.62] .0620 | 4,18 |27450 ([18400 | 28300 |2.54 [KO0600 | 486
53 4,0 5,80 | .0640 | 4.31 26650 ([17300 {27500 | 1.34 [39000 | 449
54 4.0 5.65 L0615 | 4.34 129700 (20100 | 31500 }1.30 WK5500 | 612
55 4.0 3.65 L0640 | 4.45 (29100 (18900 | 30100 |0.82 WK3500 | 560
56 4,0 3.20 | .0640 [ 4.35 |27050 |17600 | 27600 |0.74 [OO0O | 470
57 4.0 1.80 | .0635 | 4.60 129950 (19700 j 31900 |0.39 [6600 ! 640
58 4,0 1.60 | .0615 | 4.25 |32400 (21900 | 34000 |0.38 9000 | 705
1A * | 3,0 39.0 L0640 | 3.55 30650 [20000 | 28300 [1.00 139800 | 468
[i:> 4.0 24,0 0 0630 | 4.40 53600 | 84700 0 123000 4450
Li:> Theoretical Maximum Gc assuming Tet- Tult - 84700 psi
NOTES : 1) All speéimens stiffened
I |
2y @ yp= 75500 psi
3) Transverse grain direction
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TABLE IV

0.020 GAGE AM355CRT STEEL COIL

TEST DATA - EFFECT OF L/a ON G, FOR

SPECIMEN CONFIGURATTON FAILUR]
SPEC.] a b L t a,t+ Aa| LOAD % T ot L Ko Gc
NO. (in} | (in) (in) (in) (in) (1bs) | (psl) | (psi) |ao+ Aa
228 4.0 1!2.0 39.0 .020 | 4.80 25250 184000 |139800| 8.13 [204000] 4365
']
| |
43 15.10 4,75 |37900 [75000 [131000f 3.18 {191000] 3800
44 15,05 4,95 |41600 {8600 1475000 3.04 |214000| 4760
&5 9.10 5.05 (42650 (87000 {150000; 1.80 |220000{ 5050
46 9.10 4.85 141100 |85600 |144000f 1.88 |210000| 4610
47 3.10 5.12 |46200 |96300 |} 170000 .61 | 247000, 6370
48 ¥ * 3.10 4 4.85 |43500 (90600 | 152000 .64 | 223000| 5160
| L
D 4.0 12.0] O 020 14.00 157000 | 235000 O 336000] 11750
D Theoretical maximum G assuming o = o = 235000
c net ult
NOTES: 1} All specimens stiffened
I | |
2 = 222400 psi
) Typ L p 1
3) Longitudinal grain direction
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TAELE V TEST DATA - EFFECT OF PANEL WIDTH ON G WITH
CONSTANT a, FOR 0.063 GAGE 7075-T6 ALUMINUM SHEET.

SPECIMEN CONFIGURATION FAILURE
SPEC. | a b L t a,+Aa| LOAD - a +A v | G
NO. % net C c
(in) (in (in)l (in) (i) (1bs (psi}! (psi) b '
66 1.5 11.0 39 L0615 1.76 36900 27300| 32400 {0.160|36800 {400
Il
67 10.0 1.80 33550 27100{ 33000 [0.180}§37100Q {405
68 8.0 1.70 27650 28000 35600 (0.214137500 (414
69 6,0 1.50 19600 26600 35400 |0.250|33800 |338
70 5.0 1.63 17300 28100 | 41700 [0.3261{38400 1433
71 4,0 1.72 11750 23900 42000 (0.431135600 (375
72 1.5 3.5 39 .0615 1.56 10080 23400 42200 |0.4461{33600 [332
NOTES : 1) All specimens stiffened
[ I
2 = 75500 psi
) @ vp | P
|
3} Transverse grain direction

45



AFFDL-TR-65-146

TABLE

Vi

TEST DATA - EFFECT OF PANEL WIDTH ON GC WITH
CONSTANT a, FOR 0.020 GAGE AM355CRT STEEL COIL

SPECIMEN CONFIGURATION FATLURE
:gEC. a b L t a.+ Aa LOAD "G. Fnet ao-‘:Aa ke GC
’ (in) | (in) (in) | (in) | (in) | (Ibs) | (psi)| (psi)

59 2.0 12.0 | 39.0 | .020 ([2.87 58500 [122000)160000| .239 {214000{ 4760
60 10,0 39.0 T 2.60 47950 |120000(162000{ .260 [202000] 4240
61 8.0 | 27.0 2.65 35000 (109000|163000| .332 |190000| 3760
62 6.0 27.0 2.47 25600 1107000{182000{ .411 |188000( 3700
63 5.0 15.0 2.37 16200 81000[154000| .474 | 147000 2250
64 g* 4,0 39.0 2.40 13450 840001210000 .600 |179000| 3340
65 2.0 3.5 15.0 .020 2.35 10450 750004227000| .670 j178500( 3330
NOTES: 1) All specimens stiffened

2)
3)

= 222,400 psi
7 yp AP

Longitudinal grain direction
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TABLE VII

TEST DATA - EFFECT OF A, ON G, WITH CONSTANT
aolb FOR 0.064 GAGE 7075-T6 ALUMINUM SHEET

SPECIMEN CONFIGURATION FATLURE
SEEC. a b L t a,+Aa| LOAD % T et a,tha k. Gc
" i (in) [(in) (in) | (in) (in) | (1bs) | (psi) | (psi) b
1B 3.00 | 12.00) 39.0 L064  13.50 27150 | 17550 | 25000 .292 134500) 352
A 3.00 | 12.007 |} 064 13,00 26100 | 17000 | 22700 L2030 [30400Q) 273
1BB 3,00 | 12.00 .064 3,55 30650 | 20000 | 28300 2296 139800 468
AA 3.00 12.00 064 18 25650 |1 16710 | 22700 265 131000 284
2B 2,625] 10,50 064 13,125 1273501 20300 | 29000 1 ,298 13780Q 423
A 2.625] 10.5 064 2,625 26350 ) 19600 | 26200 L2320 {32800 320
3B 2.25 9.00 .064 .15 24250 1 21050 | 30400 2306 | 38900 402
A 2.25 9.00 0645 12,50 22750 119600127100 278 113124000 . 310
4B 1.875 7.50 .0635 P.OO 23150 | 24300 | 33100 .267 {35800 379
A 1.875 7.50 L0635 2,125 20750 | 21800 | 30300 .283 133300 327
58 1.50 [ 6.00 064 + 15 19275 1 25150 | 35400 L292 133900 361
A 1.50 | 6.00 L0635 01,75 18400 ] 24100 ] 33700 .292 133400 332
6B 1.125] 5.00 .064 1,25 19200 | 30000 ] 40000 .250 134700 357
A 1.125] 5.00 .064 1,25 19250 | 30100 | 40100 250 134800 399
7B W 3.00 .064 .85 12650 | 33000 | 44000 .284 131900 302
A 72 3.00 L0635 .885 13425 | 35200 { 49800 .295 133000 360
1113 563 2.25 .0635 .563 | 10900 | 38200 | 50800 .250 129600 261
A .5631 2,25 .0635 .563 11420 )} 40000 | 53200 .250 130000 286
8BB .563] 2,25 .0635 .613 110900 | 38200 | 52400 L2272 1312001 289
AA 3631 2.25 ,0635 .663 11420 | 40000 | 56500 295 1342001 347
9B .375] 1.515 _17 .0635 +415 8580 | 44510 ] 61500 274 1286001 2695
A 375} 1.5151 39.0 .0635 2385 8760 ! 45500 | 61200 254 129200 | 254
NOTES: 1) "B" specimens stiffened, "A" specimens unstiffened.
2) o _ = 75500 psi
3) Triflsverse grain direction
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TABLE VIII

TEST DATA - EFFECT OF A, ON G, WITH CONSTANT
aO/b FOR 0,060 GAGE 2024-T3 ALUMINUM SHEET

SPECIMEN CONFIGURATION FALLURH
EEEC. a b L t 3.+ Ad LOAD % . agt Aa ke Gc
" Gn) | Gn) | (a) | (n) | (in) | (bs) | (psi)|  BEV] b
16A 4,00 12,00 39;00 061 4.80 31600 | 21600| 36000 400 152500 815
B 4,00 12.00 ! L0605 |4.80 38B00 | 26700| 44500 .400 64900 | 1250
C 4.00 12,00 .060 4,75 30000 | 20800| 34500 .395 150200 747
174 3.50 10.50 .0605 [4.30 26750 | 21050| 35600 410 [48300 | 690
B 3.50 | 10.50 060 [4.30 34550 | 27400§ 46400( .410 63400 [ 1190
c 3.50 10.50 . 060 4.20 26100 | 20700| 34500 .400 [47100 656
184 3.00 9,00 061 3.45 24500 | 22300( 36200 .383 145500 614
B 3.00 9.00 060  [3.60 28750 1 27500 45900 .400 [57900 [ 994
C 3.00 93.00 .060 3.50 24000 1 22100 36400 .389 (45600 615
194 2.50 7.50 .060 2.90 21600 | 24000} 39200 .387 45000 599
B 2,50 7.50 .060 2.90 25200 | 28000} 46700 .387 [52400 815
C 2.50 71.50 .060 2.95 21300 § 23700| 39000 .394 45000 600
204 1.50 4,50 v .060 1.80 17150 | 28600] 52900 . 400 416ﬁ0 512
B 1.50 4.50 39(00 .060 1.80 18300 | 30500] 56500 LA00 144409 584
21A 1.00 3.0 16.00 | .060 1.10 10550 | 293001 46300 367 133400 304
B 1.00 3.000 16.00( .060 1.175 10900 | 30250| 49800 .392 (36200 390
NOTES : 1) "A" and "C" specimens unstiffened ]
']'B" spec;'.mens st.!l.ffe.nedI
2) ']I‘ransver:se grainl direct1ion
N Iur |

= 43,400 psi
P pet
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TABLE

IX

TEST DATA - EFFECT OF A, ON G WITH CONSTANT
a,/b FOR 0.060 GAGE 2024-T81

o4
ALUMINUM SHEET

B specimens stiffened

2) e

= 62,000 psi

yp

3) Transverse grain direction

‘ SPECIMEN CONFIGURATION IFAILURE
SPEC.] =a b L t a +4A3g LOAD o a+ Aa G
NO ° 6 et ° ke c
(in) | (in) (in) (in) | (in) | (Ibs) | (psi) | (psi) ™ &
374 4.00 12.00] 39.0 ,060 4.40 18800 13000 2040 .367 129500 258
B 4,00 12.00 - | 4,55 23600{ 16400/ 26200 .379 38400 435
C 4,00 12,00 4.50 18000f 12500 19800 .375 129000 248
1 38A 3.50 10,50 4,10 184001 14600 23900 .390 32700 316
B 3.50 10,50 4,10 22200, 17600 28800 .390 39400 459
C 3.50 10.50 4,00 17350 13800] 22200 .381 130200 271
394 3.00 9,0 3.32 168001 156001 24700 _.369 {30900 | 233
B 3.00 9.00 3.50 20000 185001 30300 .389 138200 1 432
C 3.00 9,00 3.30 16650 154001 24500 . 367 [30500 274
40A 2.50 7.50 2.80 15100 16800 27000 374 [30700 279
B 2.50 7.50 3.00 17000 18900 31500 400 36300 391
C 2,50 7.50 2.80 15150{ 16800, 27000 374 |30700 279
41A 1.50 4,50 1.75 13800{ 23000; 35400 . 389 [32800 319
B 1.50 4,50 1.85 14900 24800{ 39200 .411 [36800 401
C 1.50 4.501 39.0 1.63 13950] 23200] 34900 .362 31600 296
424 1.00 3.00{ 15,0 1.18 10150 28200] 46100 .393 [33800 339
B 1.00 3.001 15.0 1.25 97501 27100F 46400 417 134100 344
C 1,00 3,000 15.0 . 060 1.21 9200 256001 41800 404 (31300 290
NOTES : 1) A and C specimens unstiffened
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TABLE X
aofb FOR 0.020 GAGE AM350CRT STEEL SHEET

TEST DATA - EFFECT OF Ao ON G, WITH CONSTANT

SPECIMEN CONFIGURATION FAILURE
;gEC. a b L t a,+ A4 LOAD % Thet a,+ Aa Ko Gc
"l @n)y { (in) | {n) | dn) (in) | (Ibs) |(psi) | (psi) b
JOA 4.0 12.0 39.0 020 4,70 32000 | 662001 110000 392 160000 2670
B 4.0 12.0 l .020 4.80 44750 | 93300( 155500 400 226500 5270
C 4.0 12.0 .020 4.81 31350 | 6530Q] 109000 402 1159500 2650
31A 3.5 10.5 L0205] 4.15 28850 | 67100] 111000 .395 151000 2370
B 3.5 10.5 02051 4.15 42350 | 98500] 163000 .395 RP22000 5150
C 3.5 10.5 .020 | 4.13 29150 | 69500] 114500 .394 156500 2570
32A 3.0 9.0 .020 | 3.40 23600} 65500] 105000 .378 [132800 1835
B 3.0 9.0 39.0 .0203] 3.70 37450 102500} 174000 411 20500 | 5090
33A 2.5 7.5 23.0 .020 2,90 223001 74400 121000 . 387 [L39500 2030
B 2.5 7.5 02051 3.40 32150 [105000] 192500 L4453 P34500 5225
C 2.5 7.5 .02051] 2.95 237001 772001 1275001  ,393 147000 2250
34A 1.5 4.5 .0205] 1.70 15550 | 84500] 135000 .378 1121000 1527
B 1.5 4.5 02051 1.70 22500 (122000} 195500 378 174500 3190
C 1.5 4.5 23.0 02051 1,70 167001 908001 145000] _ , 378 130500 1760
354 1.0 3.0] 26,0 .020 1.10 12500 1104000 165000 L367 019000 1 1480
B 1.0 3.0] 26.0 .020 1.10 15500 (129000 204000 2367 147000 2270
NOTES 1) "A" and "C" specimens unstiffened
"B" specimens stiffened
) o = 200,900 psi
yp
3) Longitudinal grain direction
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TABLE XI TEST DATA - EFFECT OF A ON GC WITH CONSTANT
a,/b FOR 0,020 GAGE AM355CRT STEEL COIL

SPECIMEN CQNFIGURATION FAILURE
SgEC. a b L t agt+Aal LOAD % onet | a,+ Aa ke Gc
* { (dn) | (in) { (in) (in) (in) | (1bs) | (psi) | (psi) b
22A 4,0 12.0 39.0 0203 14.65 25250] 519007 84500 .387 |123000| 1585
B 4.0 12,01 39.0 L0195 [4.80 39350] 840007 139800 400 204000 4365
C 4.0 12.0 39.0 .0203 [5.45 23450] 48200] 87500 .455 |130000f 1765
23A 3.5 10.5] 35.0 .0205 14.30 24700] 57400] 97400 .410 [149300] 1845
B 3.5 10,5 35.0 L0193 }4.20 34900] 86000] 142400 L40Q [195500] 4000
C. 3.5 10.5) 35.0 .0205 14.80 21300] 49500] 98300 457 [126000] 1663
24A 3.0 9.0 28.0 .0200 }3.60 22850| 63700] 106100 L400 [134000] 1882
B 3.0 9.0 28.0 .0205 [3.75 3265] 88500] 152000 417 1192300 3870
C 3.0 9.0 28.0 L0200 13.50 24400] 67800] 111000 .389 ]139800] 2045
kQSA 2.5 7.5 22.0 .0200 [3.00 20400] 68000( 113300 LA400 11294000 1758
B 2.5 7.5 22.0 .0205 [3.25 28600 93000} 164000 L434 1190300] 3793
C 2,5 7.5 22.0 No TeBt Condlicted =
20A 2.0 6.0 22.0 0200 [2.34 165501 690001 113000 390 111642001 1418
B 2.0 6.0 22.0 0205 |2.45 24650] 100300| 169500 408 {175000] 3215
C 2.0 6.0 22.0 No Tegt Condpcted
| 27A 1.5 4.5 22.0 0205 11,78 13200] 71600 118800 .396 {105300] 1163
B 1,5 4.5] 22.0 .0200 |1.80 19550| 108600] 181000 LA00 1162000 2735
C 1.5 4.5 22.0 L0200 11.70 13650 75800{ 121800 .378 1108200| 1225
28A 1.0 3.0 35.0 0200 ]1.20 108003 90000 150000 400 (109400 1253
B 1.0 3.0] 35.0 ,0200 ]1.20 14800] 123300} 206000 LA00 [149700f 2352
NOTES: 1) "A" and "C" specimens unstiffened
"B" specimens stiffened
2) o - 222400 psi
3) Longitudinal grain direction
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