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1.0 INTRODUCTION

The reactions that occur when a projectile strikes its
target are extremely complex. Nevertheless, there are some general,
and relatively simple statements that can be made about the mechanism

) of penetration. First, penetration can occur by target deformation.
Minimizing this involves increasing the target hardness. There is a
limit to how much hardness can be increased, however, since increasing

hardness increases the tendency for the target to fail by shattering

or cracking. Charpy V-notch impact tests have been used for many
years for evaluating target break-up, at .least for steels. A better
method for evaluating break-up, or shattering and cracking may be by
the use of the crack arrest fracture toughness, Ka' Use of this
property would not be restricted to steels, but could be used for
other armor material as well. In addition, Ka may be an important
material parameter for computer modeling projectile-target

interactions.

Ka is only relevant to the last stages of a
projectile-target interaction. At this stage of the event, the cracks
are decelerating toward zero velocity so that the statically
calculated Ka is reasonable, and it may be the resistance to cracking

over this time interval that controls the area of plate damage.

This use of Ka to define plate damage area suggests that

projectile-plate interaction can be treated as a crack run-arrest

event. Hence the complete reaction of the plate to the projectile %E_
impact can be discussed in terms of the effect of driving force, K, on b:‘
crack velocity, a. All of the materials for which measurements of &;7
this type have been made to date; and these include metals [1], .%;

adhesives [2] and, plastics [3], are represented by an inverted "L"

shaped curve of the type shown in Fig. 1.
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If it is assumed that this target plate is initially
unflawed at the location of impact, the projectile would first have to
initiate a crack. The crack at this time would be small so that K
would be small, and hence deformation might occur prior to cracking.
After some initial crack formed, however, its further extension coulad
be described by the techniques of fracture mechanics, and the stress
intensity factor at which rapid cracking would initiate is shown
sSchematically as Ko in Fig. 1b. K would increase rapidly a? the crack
expanded so that during the early part of the event, the K-a
relationship is shown by the right hand.end of the chart, where crack
branching, i.e. shattering, occurs. As the initial impact energy is
dissipated, the driving force, K, decreased so that a would als»

decrease, as shown by the curve, and arrest would occur at Ka.

A large number of measurements have been made on crack
velocity during run-arrest segments of crack extension. Typically,
higher crack velocities are obtained on intermediate strength steels
than on high strength steels [4]. The lower velocities found in the
higher strength materials are consistent with their smoother fracture
surfaces, and suggest that the crack initiates at a K value close to
the vertical branch of the curve shown in Fig. 1b. This is the
behavior expected in high strength armor steels where the K-value for

branch cracking, K may be not much higher than Ka'

b
For both high and intermediate strength steels, most of

the cracking occurred at the higher velocity shortly after initiation.

In spite of the fact that less crack extension occurs at the lower

velocity, most of the cracking time is consumed by slower cracking.

It is because of the long time required for the slower cracking that a

statically calculated value of crack arrest is applicable.
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2.0 EARLIER CRACK ARREST FRACTURE TOUGHNESS DATA ON HIGH
STRENGTH STEEL 5

Plane strain crack arrest fracture toughness, KIa' had
been measured on AISI 4340, 4140 and 1340 steels heat treated to
various strength levels, and tested over a range of temperatures on
earlier projects, [5]) and [6]. It is helpful to review these data
before discugsing that collected on the present project. KIa is
plotted as a function of test temperature for the three steels in

Figs. 2, 3 and 4 for yield strength levels of 965, 1100 and 1240 MPa,

respectively. Although the steels were tested in different
thicknesses, in all cases the specimens were through-hardened and they

cracked under conditions of plane strain.

The most conspicuous feature of these data is that they
generally show a pronounced transition temperature. Further, at any
combination of strength level and test temperature, the AISI 4340
steel was tougher than 4140, which in turn was tougher than 1340,
These toughness comparisons as a function of yield strength at a high,
intermediate and low test temperature are shown more clearly in
Figures 5, 6, and 7. The sensitivity of KIa to slack quenching was
also investigated in one of the earlier studies. The AISI 4140 steel
through~hardened in thicknesses of 13 and 19 mm but not in a thickness
of 25 mm. Tests conducted on this thicker plate are compared with the
data shown in Figure 3, for the 13 mm thick plate in Figure 8.

Obviously, crack arrest fracture toughness is sensitive to micro-

structure as well as to steel strength level and composition.
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ae
N .
o 3.1 Test Materials
kA5
)
LY g .
.}5 Test materials were supplied by AMTL to MRL as blanks
‘33 roughly 155 x 155 x 13 mm thick. Thirty-two blanks were supplied:
N .
Q~ one-half identified as VAR 4340 and the other half as "Rare Earth
Modified" (REM) 4130, The VAR 1340 steel was in the annealed
r condition, and the REM 4130 steel was in.the quenched and tempered
f: condition (Rc 52). The rolling direction was indicated on each plate
o
. with an arrow.
PN The AISI 4340 steel blanks were heat treated at MRL prior
g™
Qvt to machining because there was some concern that the pieces might warp
.
N or crack if the specimens were machined before heat treated. The heat
; treat recommended by Materials Technology Laboratory was as follows:
¢ .,n_:,
w o
.j: A. Austenitized at 845°C for one hour, water quench.
i'l.
‘)_ B. Temper at 200°C for two hours, air cool.
1)
)
[} ]
N The REM 4130 plates were supplied as heat treated, and the
b‘
~

heat treatment consisted of the following:

%

o
x? A. Normalized at 1,0UO°C for one hour, air cool. -
Pal
“~
Lo
~
> B. Austenitized at 900°C for 15 minutes, water quench. X

C. Temper at 205°C for 30 minutes, air cool.

[ I Y B
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:df —— 3.2 Test Procedure
N
*mﬂ A detalled description of the test procedure used on high
Q:Q . strength metals is given in Appendix 2. The type of test specimen
)
pa - used for measuring crack arrest fracture toughness in this project is
'%)| . shown in Figure 9. Most tests were made with side grooved specimens,
T but a few had smooth sides.
HFJ."
ALY
:. The side-groove assured plane strain cracking across the
B . full specimen thicikness; the un-grooved specimen allowing the specimen
-4‘__ * .
: ﬁu surfaces that crack in plane stress, rather than plane strain, to
L~
? :: contribute to crack resistance. For the grooved specimens, the crack
ﬁi? fronts were generally straight, while for the un-grooved ones it was
;‘Fﬁ generally tunnelled, leaving an uncracked ligament at each of the
.
\t{; specimens surfaces, Figure 10. This ligament becomes a shear lip if
AT
%ix the crack extends far enough. The side-groove specimens are probably
>
jtfl a better model of the type of cracking that osccurs in armor plate.
- .\.
N
b2 3.3 Data
.-
A9
:j The test results are tabulated in Tables 1 and 2, and are
W T plotted in Figs. 11 and 12.
“.'L::
o
- 3.3.1 Side~Grooved Specimen Date
TS
®
N The crack arrest toughness of REM 4130 steel {s shown in
-
:;& Fig. 11, and of the VAR 4340 in Fig. 12. The scatter in both these
{;Q charts is greater than that found in earlier tes.s on similar steels.
‘ '; In spite of the scatter, the curve representing the AISI 4130 data is
35 shown to have a transition temperature mainly because this {s the
e
*q: behavior found in the earlier studies. If the steels do, indeed,
d' 0
;y; exhibit a transition temperature, the data collected on the 4340
P suggest that the transition temperature would be above 38C.
) :-;:
D f:
'
“. »
1'* 5
Har)
®
R
J»‘ - .l ﬁ T L] ™ - - ~ - T T T W - . b ~
- r.v', N, z A, A, N '9“-'»-'.‘ ot
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e &s&iﬁ.ﬂm& N L A B S .Ak"z& PRGN A x&iﬁﬁﬁ

’l’v L8 : S l > "\ AN U ‘.l 4




! Materials  Cpack Arrest Fracture

Research
Laboratory. Toughness of Armor Steels
inc MRL #7037 6 March, 1987

. - The most conspicuous feature of the data, however, 1is that

the REM 4130 is tougher than the VAR 4340 at all temperatures.

3.3.2 Un-side Grooved Specimens

Very little un—-side grooved data were collected, although
enough were obtained to note that the depth of the uncracked surface

ligament, and subsequent shear lip, is dependent on test temperature.

- - .-

At the lowest test temperature the surface ligament thickness is so
small that it contributes almost nothing to crack resistance, Figure
10a. Indeed, as a result of scatter, tﬁé ungrooved specimen toughness
was lower than the grooved specimen at -TUC for the REM 4130 steel.

3 At 38C on the other hand, the surface ligament for the ungrooved
specimen is larger, Figure 10b, and hence the toughnesses of REM 4130
and VAR 4340 is 1-1/2 and 1-3/4 times the grooved toughnesses,

respectively.

-
w3

4.0 CONCLUSIONS

The crack arrest fracture toughness, KIa' of the two
. steels were shown to be different, the 4140 being tougher than 4340.
The significance of this can only be ascertained by comparing these

results with firing data.
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Test

Temp.

Deg.

-18
-u0
=40
=74
-T4
~TY

-18
-40
~-40
-40
_7u
_7u

c

[VhY
t
3

53
81
75
89

TABLE 1
KIa vs. Test Temperature (Side-Grooved Specimens)
Test
Spec. Temp. K Spec.
No. Deg.C Mgg—m No.
REM 4130
1-6 38 91 17
1-5 38 110 R ]
1-1 22 88 1-8
1-9 22 101 1-13
1-2 0 gy 1-11
1-16 0] 112 1-14
1-3 -18 95
VAR 4340
3-2 38 62.7 3-1
3~6 38 62.9 3~-10
3-5 22 56.6 3-11
3-12 22 55.6 3~3
3-14 0 35.1 3-16
3-4 0 57.3 3-15

*¥Crack ran too far.

P 0 o’

[ ]

AN Lirad
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- TABLE 2
"

KIa vs. Test Temperature (Un-grooved Specimens)

Test Test
e Spec. Temp Spec. Temp. K
B
No. Deg. C Mﬁg-m No. Deg. C M&g-m

REM 4130

1-15 38 147 ) 1-12 =T 81
1-10 =74 58

[ ¥ RS S bt

g VAR 4340

" 3-8 38 122 3-13 ~-40 91
3-9 7
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90

CRACK VELOCITY, a, ft/sec

o { | | |
0 40 80 120 160 200
& a) STRESS INTENSITY FACTOR, K, ksi Jin.

&
oo

I,." b) Ka K
i K

b
N Fig. 1 (a) Dependence of crack velocity on stress intensity factor
for AISI 1020 steel at 12°F (NDT = 20°F) (4).
ik (b) Schematic drawing of a run-arrest segment of crack
- extension. 10
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Fig. 2 Crack arrest fracture toughness of 4340 steel as a function

of test temperature (25 mm thick plate) [5]. 1
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Crack arrest fracture toughness of 4140 steel as a function
of test temperature (13 and 19 mm thick plate)

[4].
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Fig. 4 Crack arrest fracture toughness of 1340 steel as a function of
L test temperature (13 mm thick plate)[4],
) 13

‘,‘."wfw '\p"\»’ ‘r'\-‘-.- ﬁp.r f‘{'/"". ----- AP TR T A T AT TN . R L R R e .
Y 1 W Nl linghinhey
DSOS 0|l “. .‘.I.g

ot i N y l ()
e’ l"’x's'l'a &'.ilt" MADANT ,R' J !’ %'-il .4' I’g‘\' 340,58 qll SR S0, ,I!A. T el at q,l'o!!',g‘l_ atpaty _7.‘(‘ I'q't‘ ‘\'p'!’ IO UK W .‘t



SRR TR TR ATWATR TTRN AT TW T TR TR L WY L PR TR TR O SRR T FRY T W1 PR TN T ST sy ST BTN T O -y

160 T =T ] I T
+
+

140 \ z _
2 Vo
e 120 \ —
A \ \ .
@ “ o
.
5 .100 ~— \ % —
A
v \ . ,
£ 8o + -
S N
= T~
60 A A _
T8
(5 4
(1
T
V4 — —
&J 40 74°C Tests
5 ————0 4340 (25 mm)

20 — —+ 4140 (13 mm) ]

A 1340 (13 mm)

0 | I | 1 1 |
960 1000 1100 1200 1300 1400 1500

TIELD STRENGTH (MPR)

Fig. 5 Comparison of the crack arrest toughness of the three steels
when tested at +74°C [4], .
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Fig. 7 Comparison of the crack arrest toughness of the three steels

when tested at -54°C [4].
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CRACK ARREST FKRACTURE TOUGHNESES

COMFACT CRACK ARREST (CCA) SFECIMEN

XkXTEST IDENTIFICATIONXXX FILE NAME: 703711
DATE?! 5-2-86
CUSTOMER OR JOE NO.: 7037
SPFECIMEN NO.: 1-1

CRACK FLANE ORIENTATION:
XAKXMATERIAL XXX
MATERIAL TYFE:4130
YOUNG’S MODULUS (KSI): 29000 (200,000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI): O ( 0 MFa)
XXXTEST CONDITIONSXXX
TEMFERATURE : 72 F
ENVIROMENTtAIR
¥KKSTARTER NOTCHXXX
WAS A BRITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYFPE ’“N’. N
NOTCH RADIUSsR (MILS): 10 ( 0.25 mm)
XKk XD IMENSTIONSXXX
THICKNESSsE (INCHES): .53 € 13.5 mm)
E(N)/ES .75
WIDTHyW (INCHES): 4.832 (122.7 mm)
¥AKCRACK LENGTHSXXxX
ORIGINAL CRACK LENGTH»A(O) C(INCHES): 1.725 ( 43.8 mm)
FINAL CRACK LENGTH»A(F) (INCHES):
A2 (EDGE): 3.945 (100.2 mm)
A3 (QUARTER FOINT)! 3.98 <(101.1 mm)
A4 (CENTER)! 3.96 (100.6 mm)
AS (QUARTER FOINT): 3.965 (100.7 mm)
A6 (ENGE)! 3,945 (100.2 mm)
¥kXTEST RECORIKX
DELTA(OQ) (INCHES): .05215 ( 1.32 mm)
DELTACF) C(INCHES): .0585 ( 1.49 mm)
1.0 TEST RESULTS:

1.1 K(O) (KSI-SQR(IN)) 194.4 (213.7 SI)

1,11 K(O) FLASTIC ZONE CORRECTED (KSI-SQR(IN) 186.5 (205.0 SI)
2 K(F) (KSI-SQR(IN)) 81.3 ( 89.6 SI)

1.21 K(F) FLASTIC ZONE CORRECTEDIl (KSI-SQR(IN)) 80.2 ( 88.1 SI)

1.3 FLASTIC ZONE AT INITIATION» RY(O) (IN.) 0.126 ( 2 mm)

1.4 FLASTIC ZONE AT ARREST: RY(F) (IN,) 0,023 ¢ 0.6 mm)

1.5 AVERAGE CRACK LENGTH AT ARREST» (IN.) 3.968 (100.8 mm)

1.5 CRACK JUMF DISTANCE, LELTA A (IN.) 2.243 ( 57.0 mm)

1.6 UNCRACKED LIGAMENT LENGTH» W-AF (IN.) 0.864 ¢ 21.9 mm)

20 VALTDTTY REQUIREMENTS (RATIO :=1):

2.1 FLANE STRAINy RB/(K(F)/YE)™2 3,52

2,2 CRACK JUMF LENGTHs (AF-A0)/RY(0) 17.87

2.3 UNCRACKED LIGAMENT LENCTHs (W-AF)/(BXRY(F)) 4.65
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CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARREST (CCA) SFECIMEN

XKXTEST ILENTIFICATIONXXX FILE NAME: 703712
DATE: 5-2-86
CUSTOMER OR JOE NO.: 7037
SFECIMEN NO.,: 1-2
CRACK FLANE ORIENTATION:
KAXMATER AL XXX |
MATERIAL TYFE:4130
_YOUNG S MODULUS (KSI): 29000 (2005000 MFa)
MEASURED YIELDN STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI): © ( 0 MFa)
¥XKTEST CONDITIONSXkX
TEMFERATURE:32 F
ENVIROMENT :SILICONE FLUID
XAKKSTARTER NOTCHXXX
WAS A ERITTLE WELDN USED? IF SO
WHAT KIND? IF NOT TYFE ‘N‘. N
NOTCH RADIUSsR (MILS): 10 ( 0,25 mm)
¥KKOIMENS TONS XXX
THICKNESSsE (INCHES): .S535 ( 13.6 mm)
B(N)/E: .75
WIDTHsW (INCHES): 4.83 (122.7 mm)
¥AKCRACK LENGTHSXXX
DRIGINAL CKACK LENGTHsACD) (INCHES)>!: 1.72 ( 43.7 mm)
FINAL CRACK LENGTHsA(F) (INCHES):

A2 (EDGE): 3.7535 ( 23.4 mm)
A3 (QUARTER FOINT)?! 3.79 ( 926.3 mm)
A4 (CENTER): 3.815 ( 96,9 mm)
AS (QUARTER FOINT): 3.845 ( 97.7 mm)
A6 (EDGE)Y?! 3.86 ( 98.0 mm)
YRKTEST RECORINKK¥
DELTACO) (INCHES)>?! .0525 ( 1.33 mm)
DELTAC(F) (INCHES)?! .0564 ( 1.43 mm)
1.0 TEST EESULTS?
1.1 KCO) (KSI-SQR(IN)) 196.1 (215.35 SI)
1,11 KCO) FLASTIC ZONE CORRECTED (KSI-SQR(IN) 187.9 (206.5 SI)
1.2 K(F) (KSI-SQR(IN)) 86.8 ( 95.4 SI)
1.21 K(F) FLASTIC ZONE CORRECTED (KSI-SQR(IN)) 835.4 ( 923.8 SI)
1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.127 «( «2 mm)
1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0,026 ¢ 0.7 mm)
1.5 AVERAGE CRACK LENGTH AT ARREST, (IN.) 3.817 ( 926.9 mm)
1.5 CRACK JUMF DISTANCEs DELTA A (IN.) 2:.097 ¢ 53.3 mm)
1.6 UNCRACKED LIGAMENT LENGTHy» W-AF (IN.) 1.013 ¢ 25.7 mm)
2,0 VALIDITY REQUIREMENTS (RATIO =>=1)1
2.1 FLANE STRAINy R/(K(F)}/YS)T2 3.13
2.2 CRACK JUMF LENGTH» "(AF-A0)/RY(0) 16.45

2.3 UNCRACKED LIGAMENT LENGTH» (W-AF)/(8XRY(F)) 4.82
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CRACK ARREST FRACTURE TOUGHNESS

COMFFACT CRACK ARREST (CCA) SFECIMEN

¥HFTEST 1LENTIFICATIONXXX FILE NAME: 703713
DATE: 5-2-8¢6
CUSTOMER OR JOE NO.: 7037
SFECIMEN NO.?! 1-3
CRACK FLANE ORIENTATION:
XXKKMATER TAL XXX
MATERIAL TYFE:4130
. YOUNG’S MODULUS (KSI): 29000 (200,000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI)?: O ( 0 MFa)
KXKTEST CONDITIONSkXX
TEMFERATURE!O F
ENVIROMENT ¢:SILICONE FLUID
XKAkSTARTER NOTCHXXX
WAS A BRITTLE WELD USED? IF SO
WHAT KIND?® IF NOT TYFE ‘N’, IN
NOTCH RADIUSYR (MILS)? 10 ¢ 0.25 mm)
KXRKDIMENSTONSHCKX
THICKNESSyB (INCHES)>? .53 ¢ 13.5 mm)
E(N)/E: 75
WIDTH,W (INCHES): 4.827 (122.6 mm)
XKkXCRACK LENGTHS¥XX
ORIGINAL CRACK LENGTH»ACO) (INCHES)?: 1.713 ¢ 43.5 mm)
FINAL CRACK LLENGTH»A(F) (INCHES):
A2 (EOGE): 3.738 ( 924.9 mm)
A3 (QUARTER FOINT): 3.778 ( 926.0 mm)
A4 (CENTER): 3.778 ( 946.0 mm)
AS (QUARTER FOINT)?: 3.7468 ( 95.7 mm)
Aé (EDGE)?: 3.743 ( 95.1 mm)
XKXTEST RECORIDXXX
DELTACO) (INCHES)! .0497 ( 1.26 mm)
DELTACF) (INCHES)>: .055%9 ( 1.42 mm)
1.0 TEST RESULTS:

1.1 KCOY (KSI-SQR(IN)) 186.0 (204.4 SI)
1,11 K(Q) FLASTIC ZONE CORRECTELDL (KSI-SQR(IN> 179.0 (196.7 SID
1.2 K(F) (KST-SQR(IN)) 88.1 ( 96.9 SI)
1.21 K(F) FLASTIC ZONE CORRECTED (KSI-SQR(IN)) 86.7 ¢ 95. SIH
1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.116 ¢ 2.9 mm)
1.4 PLASTIC ZONE AT ARREST, RY(F) (IN.) 0.027 ( 0.7 mm)
1.9 AVERAGE CRACK LENGTH AT ARRESTsy (IN.) 3773  25.9 mm)
1.5 CRACK JUMF DISTANCE» DELTA A (IN.) 2,062 ¢ 32,4 mm)
1+6 UNCRACKEDN LIGAMENT LENGTHy W-AF (IN,) 1,052 ( 267 mm)
2.0 VALIDITY REQUIREMENTS (RATIO »=1):

2.1 FPLANE STRAINs R/Z(K(F)/YS)T2 3,01

2.2 CRACK JUMF LENGTHs (AF-A0)/RY(O) 17.83

2.3 UNCRACKED' LIGAMENT LENGTHs (W-AF)/(BXRY(F)) 4.85

26
¥ Nf\f\'\'\‘\quﬂvgﬂ\(?

AT e A0
"R




[

L) )"w——-—v-r‘ meTm R RITRTTRTTRN TS T A TH RN ST T SW Wy T T TN N N Y T N T T NN Y T WYY Y VYO YTU YUYy

CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARKEST (CCA) SFECIMEN

FILE NAME: 703714
DATE:? 5-5-86
CUSTOMER OR JOE NO.: 7037
SFECIMEN NO.: 1-4
CRACK FLANE ORIENTATION:

XXXTEST ITDENTIFICATIONXXX

XAXMATERIAL XXX
MATERIAL TYFE:!4130

YOUNG’S MODULUS (KSI): 29000 (2005000 MFa

MEASURED YIELD STRENGTH (KSI): 210 (1448 MF3)
ESTIMATED YIELD STRENGTH (KSI): O ( 0 MF3)
XKXTEST CONDITIONSXXX
TEMFERATURES-40 F
ENVIROMENT:SILICONE FLUID
XKKXSTARTER NOTCHXXX%
WAS A ERRITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYFE “N‘. N
NOTCH RADIUSsR (MILS)! 10 ¢ 0.25 mm)
XKKDIMENSTONS XKk
THICKNESS»E (INCHES): .S34 ( 13.6 mm)
E(N)/E: .75
WIDTH»W (INCHES)! 4,826 (122.6 mm)
X¥XCRACK LENGTHSXXX
ORIGINAL CRACK LENGTH»AC0) (INCHES)?: 1.718 ( 43.6 mm)
FINAL CRACK LENGTHsA(F) (INCHES):
A2 (EDNGE)?! 4.648 (118.1 mm)
A3 (QUARTER FOINT): 4.673 (118.7 mm)
A4 (CENTER)?! 4.668 (118.6 mm)
AS (QUARTER FOINT)! 4.658 (118.3 mm)
A6 (EDGE) ! 4.578 (116.3 mm)
XKKTEST RECORINDKXX
DELTACO) (INCHES): .0645 ( 1.64 mm)
DELTACF) (INCHES): ,0904 ( 2.30 mm)
1.0 TEST RESULTS?

1.1 K(O) (KSI-SQR(IN)) 241.0
1,11 K(0) FLASTIC ZONE CORRECTELN (KSI-SQR(IN) 226.6
1.2 K(F) (KSI-SAR(IN)) 50.2
1.21 K(F) FLASTIC ZONE CORRECTELD (KSI-SQR(IN)) 48.7
1.3 FLASTIC ZONE AT INITIATION» RYC(0O) (INJ) 0.185
1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.009
1.5 AVERAGE CRACK LENGTH AT ARREST» (IN.) 4,666
1.5 CRACK JUMF DISTANCEs DELTA A (IN.) 2.948
1.6 UNCRACKED LIGAMENT LENGTHr» W-AF (IN.) 0.160
2.0 VALIDITY REQUIREMENTS (RATIO >=1)2
2.1 PLANE STRAINys RB/(K(F)/YS)™2 ?.36
2.2 CRACK JUMF LENGTH» (AF-AO)/RY(0O) 15.92

2.3 UNCRACKED' LIGAMENT LENGTHs (W-AF)/(8XRY(F)) 2.33
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CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARREST (CCA) SFECIMEN

X¥KTEST IDENTIFICATIONXXX FILE NAME: 703715
LDATE: 5-6-86
CUSTOMER OR JOE NO.: 7037
SFECIMEN NO.: 1-5
CRACK FLANE ORIENTATION:
XXXMATERTAL XXX
: MATERIAL TYFE?:4130
YOUNG’S MODULUS (KSI): 29000 (2005000 MF3)
MEASURED YIELLD STRENGTH (KSI): 210 (1448 MFa3)
ESTIMATED YIELD STRENGTH (KSIL)?! O ( 0 MFa)
¥XXTEST CONDITIONSXXX :
TEMFERATURE:100 F
ENVIROMENT:SILICONE FLUID
XXXSTARTER NOTCHXXx
WAS A ERITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYFE ‘N’, N
NOTCH RADIUSs,R (MILS): 10 ¢ 0.25 mm)
KNXDITMENS TONSX Xk
THICKNESSyB (INCHES):? .526 ( 13.4 mm)
B(N)/R: .75
WIDTHyW C(INCHES): 4.827 (122.6 mm)
XXXCRACK LENGTHSXXX
ORIGINAL CRACK LENGTH»A(O) (INCHES)? 1.717 ( 43.6 mm)
FINAL CRACK LENGTHsA(F) (INCHES):

A2 (EDGE): 3.652 ( 92.8 mm)
A3 (QUARTER POINT): 3.697 ( 93.9 mm)
A4 (CENTER): 3.717 ( 94.4 mm)

b AS (QUARTER FOINT)!: 3.757 ( 95.4 mm)
L’ A6 (ENGE): 3.722 ¢ 94.5 mm)
he KKKTEST RECORDKKK
2 DELTA(O) (INCHES)!: .06025 ¢ 1.53 mm)
o] DELTACF) (INCHES): .06295 ( 1.60 mm)
e 1.0 TEST RESULTS:
rr 1.1 K(0) (KSI-SQR(IN)) 225.,2 (247.5
- 1.11 K(0) FLASTIC ZONE CORRECTED (KSI-SQR(IN)  213.2 (234.3
i 1.2 K(F) (KSI-SARC(IN)) 102.3 (112.5
o 1.21 K(F) FLASTIC ZONE CORRECTED (KSI-SQR(IN)) 100.2 (110.1
- 1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.164 ¢ 4.2
hd 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.036 ( 0.9
N 1.5 AVERAGE CRACK LENGTH AT ARREST, (IN.) 3.724 ¢ 94.6
. 1.5 CRACK JUMF DISTANCE, DELTA A C(IN.) 2,007 ( 51.0
~ 1.6 UNCRACKED LIGAMENT LENGTHs, W-AF (IN.) 1,103 ( 28.0
v 2.0 VALIDITY REQUIREMENTS (RATIO »=1)3
e 2.1 FLANE STRAINs E/(K(F)/YS)"2 2,22
! 2.2 CRACK JUMF LENGTHs (AF-A0)/RY(0) 12,23
N 2.3 UNCRACKED LIGAMENT LENGTH» (W-AF)/(8XRY(F))  3.81
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CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARREST (CCA) SFECIMEN

¥XXTEST IDENTIFICATIONXMXX FILE NAME:
LATE:
CUSTOMER OR JOER NO.
SFECIMEN NO.

CRACK FLANE ORIENTATION

*e ve oo

XXXMATERT AL XXX
MATERIAL TYFE:4
. YOUNG’S MODULUS (KSI):
MEASURED YIELLD STRENGTH (KSI):

ESTIMATEDNl YIELD STRENGTH (KSI):
¥XKTEST CONDITIONSXXX

TEMFERATURE: 1
ENVIROMENT:S
*¥XKSTARTER NOTCHX XX
WAS A BRITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYFE “N‘. N
NOTCH RADIUSyR (MILS):
*¥¥ ¥ IMENSTONSX kKX
THICKNESSsE (INCHES)?
E(N)/R?
WIDTHsW (INCHES) @
XXXCRACK LENGTHSX XX
ORIGINAL CRACK LENGTH»ACO)
FINAL CRACKN LENGTHsA(F)

(INCHES) ¢
(INCHES) ?
A2 (EDNGE)
A3 (QUARTER FOINT):
A4 (CENTER)
AS (QUARTER FOINT):
A6 (EDGE)?

¥¥XTEST RECORD¥ XX
DELTACD)
LELTACF)

(INCHES) ¢
(INCHES) ¢
1,0 TEST RESULTS:
1.1 KCOY (KRSI-SQKRCIND)
1.11 KCO) FLASTIC ZONE CORRECTEL
1,2 K(F) (KSI-SQK(IN))
21 K(F) FLASTIC ZONE
FLASTIC ZONE

(KSI-

CORRECTED
AT INITIATION,

FLASTIC ZONE AT ARREST, RY(F)

2 (KS1
.3
.4
S AVERAGE CRACK LENGTH AT ARREST» (
J
6
L

RY (0O)

CRACK JuM- DISTANCEs LDELTA A (IN,
UNCRACKED LIGAMENT LENGTHs W-AF

IDITY REQUIREMENTS (RATIO »=1):
1 FLANE STRAINy E/(K(F)/YS)™2

2 CRACK JUMF LENGTH»y (AF-A0)/RY(0)
UNCRACKED LIGAMENT LENGTHs (W-AF)
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703716
5-6-86
7037
1-6

130

29000 (200,000 MF3)
210 (1448 MFa)

0 ( 0 MFa)

00 F
ILICONE FLUID

10 ( 0.25 mm)
K (
75

4,825

mm)

mm)

1,715 ¢ 43.6 mm)
4,085
4,075
4,079
4,07
4,065

(103.8 mm)
(103.5 mm)
(103.5 mm)
(103.4 mm>
(103.3 mm)

0608 (
06585 (

1.54 mn
1.67 mm)

227.4
215.1
Ba4.6
-SAQRCIN)) 82.6
(IN) 0.167
C(INV) 0.025
INO) 4.073
) ...3.:8
(IN.) 0.75
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CRACK ARKEST FRACTURE TOUGHNESS

COMFACT CRACKN ARKEST (CCA) SFECIMEN

XXKTIST TOENTIF ICATIONXXX FILE NAME: 703717
DATE: 5-9-86
CUSTU+ = OR JOE NO.: 7037
SFECIMEN NO.: 1-~7
CRACK FLANE ORIENTATION:
KAXKMATERTAL XX*
MATERIAL TYFE:4130
~ YOUNG’S MODULUS (KSI): 29000 (2005000 MF3)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELIl STRENGTH (KSI): 0 ( 0 MFa)
XXKTEST CONIITIONSHKX
TEMFERATURE:O F
ENVIROMENT ¢:SILICONE FLUILD
KXKSTARTEFR NOTCHXXX
WAS A EBRITTLE WELD USEDR? IF SO
WHAT KIND® IF NOT TYFE ‘N’. N
NOTCH RADIUS,R (MILS): 10 ¢ 0.25 mm)
AR IMENSTONSYK K
THICKNESSyE (INCHES): .53 ¢ 13,5 mm)
E(N)/E: .75
WIDTHsW (INCHES): 4.844 (123.,0 mm)
¥X¥CRACK LENGTHS¥XX
(F:ZGINAL CKRACN LENGTHsA(O) (INCHES): 1.707 ¢ 43.4 mm)
F INAL CKACK LENGTHsA(F) (INCHES):

A2 (EDGE)>: 3.025 ( 76.8 mm)

A3 (QUARTER FOINT): 3.2 « 81.3 mm)
A4 (CENTER): 3.26 (¢ 8 mm)

AS (QUARTER FOINT): 3.275 ( 83.2 mm)
A6 (EDNGE)>: 3.205 ( 81.4 mm)

K¥XTEST RECORINKOKX
DELTA(D) (INCHES): .0452 ( 1.13 mm)
DELTA(F) (INCHES): .0483 ( 1.23 mm)

L.D TEST RESULTS?

® 1.1 RCOY (RST-SQRCINY) 169.5 (186.3 SI)
,5 1.11 KN(O) FLASTIC ZONE CORRECTED (KSI-SQR(IN) 164.2 (180.5 SI)
‘x Te2 MCF)Y (RSI-SAQR(IN)) 100.9 (110.8 SI) «
g 1.21 R(F) FLASTIC ZONE CORRECTED (KSI-SQR(IN)) 29,2 (109.0 SI)
T 1.2 FLLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.097 ¢ 2.5 mm)
e 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.036 ¢ 0.9 mm) .
'Cg 1.9 AVEKRAGE CRACK LLENGTH AT ARRESTsy (IN.) 3.245 ( 82.4 mm)
- 1.5 CRACK JUMF DISTANCE» DELTA A (IN.) 1.538 ( 39.1 mm)
. 1.6 UNCRACKED L IGAMENT LENGTHy W-AF (IN.) 1,599 ( 40.6 mm)
- .0 VALIDITY REQUIREMENTS (RATIO »=1):
2.1 FLANE STRAINs R/(K(F)/YS)"2 2.30
2.2 CRACK JUMF LENGTH, (AF-AO)/RY(0) 15.81

2.3 UNCRACKED LIGAMENT LENGTH» (W-AF)/(8XRY(F)) 5.63
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:? CRACK ARKEST FRACTURE TOUGHNESS
.
R COMFACT CKACK ARREST (CCA) SFECIMEN
W ¥XKTEST IDENTIFICATIONKKX FILE NAME: 703718
: DATE: S-12-86
v CUSTOMER OR JOER NO.: 7037
o SFECIMEN NO.: 1-8
CRACK FLANE ORIENTATION:!
XKKMATERIAL XXX
MATERIAL TYFE$4130
CYOUNG’S MODULUS (KSI): 29000 (200,000 MFa)
N MEASURED YIELD STRENGTH (KSI): 210 (1448 MF3)
ESTIMATED YIELD STRENGTH (KSI): 0 ( 0 MFa)
: ¥XXTEST CONDITIONSXK¥
,j TEMFERATURE $-40 F .
4 ENVIROMENT$SILICONE FLUID
y KXXSTARTER NOTCHXXX
B WAS A BRITTLE WELD' USED? IF SO
WHAT KIND® IF NOT TYFE ‘N’. $N
> NOTCH RADIUS»K (MILS)! 10 ( 0.25 mm)
2 KAKDTMENS 1 ONS XKk
o THICKNESSsE (INCHES): .528 ( 13.4 mm)
7 E(N) /B! .75
», WIDTHsW (INCHES): 4.844 (123.0 mm)
' XHKCRACK LENGTHSXKX
o OR1GINAL CRACK LENGTH»ACO) (INCHES): 1.705 ( 43.3 mm)
e FINAL CRACK LENGTH,»A(F) (INCHES):
. A2 (EDGE)! 3.905 ( 99.2 mm)
- A3 (QUARTER FOINT): 3.91 ( 99.3 mm)
> A4 (CENTER)! 3.885 ( 98.7 mm)
\ % (QUARTER FOINT)Y: 3.85 ( 97.8 mm)
o Aé (ENGE)! 3.77 ( 95.8 mm)
o5 KAXTEST RECORIXXX
" DELTACO) (INCHES): .0449 ( 1.14 mm) |
- DELTACF) (INCHES): .05056 ¢ 1,28 mm) 3
o 1.0 TEST RESULTS:S |
'@ 1.1 KCO) (KSI-SARCIN)) 168.5 (185.2 SI)
v 1.11 K(0) FLASTIC ZONE CORRECTED (KSI-SQKR(IN)  163.3 (179.4 SI)
s 1.2 K(F) (KSI-SQRCIN)Y) 75.1 ( 82.5 SI)
s 1.21 K(F) FLASTIC ZONE CORRECTED (KRSI-SQK(IN))  74.1 ( 81.4 SI)
2 1.3 FPLASTIC ZONE AT INITIATIONy RY(O) (IN.) 0.096 ¢ 2.4 mm)
A 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.020 ¢ 0.5 mm)
+@ 1.5 AVERAGE CRACK LENGTH AT ARREST» (IN.) 3.882 ( 98.6 mm)
) 1.5 CRACK JUMF DISTANCE» DELTA A (IN.) 2,177 ¢ 55.3 mm)
-t 1.6 UNCRACKED LIGAMENT LENGTH» W-AF (IN.) 0.962 ( 24,4 mm)
", 2,0 VALIDITY REQUIREMENTS (RATIO »=1)¢!
i 2.1 FLANE STRAIN» E/(K(F)/YS)"2 4.13
v 2.2 CKRACK JUMF LENGTH» (AF=A0)/RY(0) 22,62
2.3 UNCRACKEID LIGAMENT LENGTH» (W-AF)/(8XKY(F))  6.07
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{(KACK ARKEST FRACTURE

CMPAlT CRACK ARREST (CCAY SFPECIMEN

KEAKTEST IDENTIFICATIONXXX FILE NAME:
IIATE :
CUSTOMER OR JOE NO.:
SFECIMEN NO.:3
CRACK FLANE ORIENTATION:

KRXMATERTAL ¥ X%

TOUGHNESS

b S A e MR A R i el Sl il el Sl JEani o RA- chd ond - omd ok abd odid afhh aad ahd Bta & A A 4 4. a0l ok o)

70371¢
5-8-86

7037
1-9

MATERIAL TYFE:4130

CYOUNG’S MODULUS (KSI): 29000 (200,000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFz)
ESTIMATED YIELD STRENGTH (KS5I): 0O ( 0 MFa)
¥X¥TEST CONDITIONSXXX
TEMFERATURE: 72 F
ENVIROMENT:SILICONE FLUID
FRRSTARTER NOTOHXOKX
WAaS & BRITTLE WELD USED?T IF SO
WHAT KINDT IF NOT TYFE ‘N‘. ¢N
NOTCH RADIUS,KR (MILS): 10 C 0,29 mm>
ARKDIMENS TONSXX¥
THICKNESS»E (INCHES): 532 13,5 mm)
E(N)/EBS .75
WIDTHyW C(INCHES): 4.83 (122.7 mm)
FAXCRACK LENGTHSX X0k
ORTIGINAL CRACK LENGTH»ACO) (INCHES)S: 1.7 ( 43.2 mm)
FINAL CRACK LENGTH:A(F) (INCHES):
A2 (EDGE): 3.62 ( 91.9 mm?
A3 (QUARTER FOINT): 3.63 ( 922.2 mm)
A4 (CENTER): 3,615 ( 91.8 mm)
AL (QUARTER FOINT): 3.585 ( 21.1 mm>
A& (EDGE) ! 3.305 ¢ 89.0 mm)
YARTEST RECORIDKAH
DELTACO)Y C(INCHES): 032 ¢ 1.32 mm)
DELTACF) (INCHES): 03541 ( 1.37 mm)
Lo TESYT KESULTS?
1.1 KCOYy (RSI-SQRCOIND) 199.5 (214.8 SI»
.11 KO FLASTIC ZONE CORRECTED (KSI-SQROIN) 187.4 (206.0 SI?
1.2 MUY (RSI=-SQKCIND) 3.9 (103.1 S1H
1.21 h(F) FLASTIC ZONE CORRECTEDN (KSI-SQR(IN)) 92.3 (101.4 &1
1.3 FLASTIC ZONE AT INITIATIONy RY(O) (IN.) 0.127 ¢ 3.2 mm)
1.4 FLASTIC ZONE AT ARREST RY(F)Y (IN.) 0.031 ¢ 0.8 mm?
1.5 AWERAGE CEACKN LENGTH AT ARRESTy (IN.) 3610 € 921.7 mm)
1.5 CRACK JUME DISTANCE, DELTA A (INJ) 1.9210 ¢ 48.5 mm)
1+6 UMCRACKED LLIGAMENT LENGTHs W-AF  (INJ) 1.220 ¢ 31.0 mm?
.0 VALLIDTTY REQUIREMENTS (RATIO ==1)2
Dol FLANE STRALINyYy B/K(FY/YS)H) T2 2.66
200 URACE  JUME LENGTHs (AF-A0) /KRY(0) 15.07
Z.0 UNUERACKED LIGAMENT LLENGTHy (W-AF) /7 (BXRY(F)) 4,94
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CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARREST (CCA) SFECIMEN

X¥KTEST [DENTIFICATIONXXX

CUSTOMER OR JOE NO.
SFECIMEN NO.
CRACK FLANE ORIENTATION?

7037
1-10

o 20 oo

KXXMATERTAL XXX
MATERIAL TYFE$4130
. YOUNG”S MODULUS (KSI): 29000
MEASURED YIELD STRENGTH (KSI)?: 210
ESTIMATED YIELD STRENGTH (KSI): O
X¥¥TEST CONDITIONSXXX
TEMFERATURE <100 F
ENVIROMENT ¢N2
KXKSTARTER NOTCHXXX
WAS A ERITTLE WELD USEDR? IF SO
WHAT KIND? IF NOT TYFE “N7. +N
NOTCH RADIUS,R (MILS): 10
K¥¥DIMENSTONSH¥*
THICKNESSyE (INCHES): .
B(N)/E: 1
WINTH»W (INCHES): 4.826
¥¥KCRACKN LENGTHS XXX
ORIGINAL CRACK LENGTH:A(O0) (INCHES): 1,691
FINAL CRACK LENGTHsAC(F) (INCHES):
AZ (EDNGE) ! 4.249
A3 (QUARTER MOINT): 4.505
A4 (CENTER): 4.53
(QUARTER FPOINT)?: 4.515
A6 (ENGE): 4.30S

i

A

Xk¥TEST RECORINOKK
DELTACO)Y (INCHES): .054

DELTA(F) (INCHES):! .07985 (

1.0 TEST RESULTS?
1.1 NCOY (AMRSI-SQKR(IN)DD

1.11 KOy FLASTIC ZONE CORRECTED (KSI-SQR(IN)

o RNCFDY (RST-SAKCIND)

FILE NAME: 037110
DATE? 5-16-8&

(200,000 MFz)

(1448 MFa)

(

(

0 MFa)

0.25 mm)

13.5 mm)

(122.6 mm)

{

v

43,0 mm)

(107.9 mm)
(114.4 mm)

(115.1 mm)

(114.7 mm)
(109.3 mm)

(

1.37 mm)
2:.03 mm)

176.3 (193.7
(187.2
S59.6

170.3
54,2

1.21 KN<H) FLASTIC ZONE COKRECTED (KSI-SQR(IN)) 53.3

1.3 FLASTIC ZONE AT INITIATION» RY(O) (IN.)

1.4 FLASTIC ZONE AT ARREST, RY(F) (INJ)

1.5 AVERAGE CRACK LENGTH AT ARREST» (IN.)

1.5 CRACK JUMF DISTANCE» DELTA A (INJ)

1+6 UNCRACKED LIGAMENT LENGTHy W-AF  (IN.)
2o VALIDITY REQUIREMENTS (RATIO :»=1)3

J.1 FLANE STRAIMy RB/Z(K(FI/ZYS)T2

2.2 CRACK JUMF LENGTHy (AF-A0)/RY(0O)

0.105
0.010
4.517
2.826
0.309

8.00
26,99

2,32 UNCRACKED LIGAMENT LENGTH» (W-AF)/(BXRY(F)) 3.78

(

\_’80\.’

SI)
SIH
SI»
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mm)
mm)
mm)
mm)
mm)
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CRACKN ARREST FRACTURE TOUGHMESS

COMPACT CRACK ARREST (CCA) SFECIMEN

X¥XTEST IDENTIFICATIONXXX FILE NAME: 037111
DATE? 5-19-84
CUSTOMER OR JOE NO.: 7037
SFECIMEN NOG.: 1-11
CRACK FLANE ORIENTATION:
¥XXMATERTAL XXX
MATERIAL TYFE:4130
- YOUNG’S MODULUS (KSI): 22000 (200,000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MF3)
ESTIMATED YIELDI STRENGTH (KSI): O ( 0 MFa)
x¥HTEST CONDITIONSXXX i
TEMFERATURE: =100 F
ENVIROMENT ¢ N2
£XXSTARTER NOTCHXXX*
WAS A BRITTLE WELD USEDN? IF SO
WHAT KIND? IF NOT TYFE ‘N7, *N
NOTCH RADIUSsR (MILS): 10 ¢ 0.25 mm)
FYRXDIMENSTONS XXX
THICKNESSsE (INCHES): .33 ¢ 13.5 mm)
B(N)Y/R: .75
WIODTHsW (INCHES): 4.83 (122.7 mm)
¥XXKCRACK LENGTHS XXX
ORIGINAL CRACK LENGTHrA(O) (INCHES)?! 1.697 (¢ 43,1 mm)
FINAL CRACK LENGTHsA(F)> (INCHES):

A2 (EDGE)Y: 2.83 ( 71.9 mm)

A3 (QUARTER FOINT): 2.98 ( 75,7 mm)
A4 (CENTER): 2.98 ( 75.7 mm)

AS (QUARTER FOINT): 2.975 ( 75.6 mm)
A6 (EDGE): 2.91 ( 73.9 mm)

¥XXkTEST RECORIKX
DELTACO) (INCHES): .02788 ( 0.71 mm)

2 DELTACF) (INCHES): .03S1 ¢ 0.89 mm)

Sy 1.0 TEST RESULTS:

® 1.1 K(O) (KSI-SQRCIN)) 104.9 (115.3 SI)
T 1,11 K(0) FLASTIC ZONE CORRECTED (KSI-SQR(IN)  103.6 (113,8 SI)
g}; 1.2 K(F) (KSI-SQR(IN)) 82.2 ( 90.4 SI) ‘
0 1.21 K(F) FLASTIC ZONE CORRECTED (KSI-SQKR(IN)) 81.4 ( 89,5 SI)
v 1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.039 ¢ 1,0 mm)
o 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.024 ¢ 0.6 mm)

@9 1.5 AVERAGE CRACK LENGTH AT ARREST» (IN.) 2.978 ¢ 75.6 mm)
~ 1.5 CRACK JUMF DISTANCE» DELTA A (IN.) 1.281 ¢ 32.5 mm)
ot 1.6 UNCRACKED LIGAMENT LENGTH» W-AF (IN.) 1.852 ¢ 47,0 mm)
I, 2.0 VALIDITY REQUIREMENTS (RATIO »=1):

SO 2.1 FLANE STRAIN, B/(K(F)/YS)"2 3.46

Ao 2.2 CKACK JUMF LENGTHy (AF-A0)/RY(0) 33,09

2.3 UNCRACKED LIGAMENT LENGTHy (W-AF)/(BXRY(F)) ?.68

-
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FRACTURE TOUGHNESS

CRACK ARREST

COMEALT CRACN ARREST (CCAY> SFECIMEN

FILE NAME:
DATE:
CUSTOMER OR JOER NO.:
SFECIMEN NO.?

CRACK FLANE ORIENTATION:?

XxXTEST IDNENTIFICATIONXXX

KXOKMATERTAL XX ¥

037112
5-19-86
7037
1-12

MATERIAL TYFE:4130

YOUNG’S MODULUS (KSI): 29000 (200:000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI)>: 0O ( 0 MFa)
¥XKXTEST CONDITIONSXXX
TEMFERATURE : =100 F .
ENVIROMENT ¢ N2
KAXXSTARTER NOTCHXXX
WAS A EBRRITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYPE ’‘N’. N
NOTCH RAINIIUSsR (MILS): 10 ( 0.25 mm)
XXKUTMENS TONG KK X
THICKNESSsE (INCHES): .529 ( 13.4 mm)
BR(N)/E: 1
WIDTHsW C(INCHES): 4.831 (122.7 mm)
X¥KCRACH LENGTHSX XX
ORIGINAL CRACK LENGTHyACO) (INCHES)! 1.69% ( 43,1 mm)
FINAL CRACK LENGTH:A(F) (INCHES):
A2 (EDGE): 3.115 ¢ 79.1 am>
A3 (QUARTEFR FOINT): 3.37 ( 85.6 mm?
A4 (CENTER): 3.35 ¢ 85.1 mm)
A5 (QUARTER FOINT): 3.305 ( 83.%9 mm)
A& (EDGE): 2.97 ( 75.4 mm)
FXRTEST KECORTOY
DELTACO) (INCHES): 0374 ( 0.95 mm)
DELTACF) (INCHES): .04325 ( 1,10 mm?
LoD TEST RESULTES
101 R (OY (RST=-SQFRCIN)? 121.9 (134.0 SI)
1.11 KRCOD)Y FLASTIC ZONE CORRECTED (KSI-SQR(IN) 119.9 (131.7 SI)
1.2 MNF) (KSI-SORCINY) 74.5% ( 81.9 SID
.21 R(F) FLASTIC ZONE CORRECTED (KRSI-SQER(IN)) 73.8 ( 81.1 SI)
1.3 PLASTIC ZONE AT INITIATION» RY(O) (IN.) 0.052 ¢ 1.3 mm)
1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0,020 ¢ 0.5 mm)
1.5 AVERACGE CRACK LENGTH AT ARRESTs (IN.) 3.342 ( 84.9 mm)
1.5 CRACK JUMF DISTANCEs DELTA A (IN.) 1,646 ¢ 41.8 mm)
1.6 UNCRACKED LIGAMINT LENGTHy W-AF  (IN.) 1,489 ¢ 37.8 mm)
2,0 UALIDITY REQUIREMENTS (RATIO »=1)¢
o1 FLANE STRAINy B/(K(F)/YS)™2 4,20
2.2 CRACK JUMF LENGTHs (AF-A0)/RY(0) 31.74
2.3 UNCRACKED LIGAMENT LENGTHs (W-AF)/(8XRY(F)) 9,46
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. CRACKN ARKLST FRACTURE TOUGHNESS
f CUMEACT CRACK ARKEST (CCAY SFECIMEN
..
- *XETEST ILUENTIFICATIONXXX FILE NAME: 037113
s DATE: $-13-8¢
.. CUSTOMER OR JOE NO.: 7037
. SFECIMEN NO.: 1-13
P CRACK FLANE ORIENTATION:
; KIOKMATER T AL ¥kX
N MATERIAL TYFE:4130
- _ YOUNG’S MODULUS (KSI): 29000 (200,000 MFa)
\ MEASURED YIELIDN STRENGTH (KST3: 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI): 0O ( 0 MFa)
; X¥KTEST CONDITIONSXXX
r-: TEMFERATURE <100 F
» ENVIROMENT N2
N KXKSTARTER NOTCHXXX¥
- WAS A ERITTLE WELD USED? IF SO
WHAT KIND? IF NOT TYFE ‘N’. N
- NOTCH RADIUSsR (MILS): 10 ( 0.25 mm)
o KKK [MENSTONS XXX \
iy THICKNESS»E (INCHES)! .532 ( 13.5 mm)
- E(N)/E! .75
- WIDTHsW (INCHES): 4.829 (122.7 mm)
( KXXCRACK LENGTHSXXX
_ ORIGINAL CRACK LENGTHsACO) (INCHES): 1.7 ( 43,2 mm)
? FINAL CRACK LENGTHsA(F) (INCHES):
y A2 (EDGE): 2.945 ( 74.8 mm)
y A3 (QUARTER FOINT)! 2.975 ( 75.6 mm)
' A4 (CENTER)?! 2.99 ( 75.9 mm)
AS (QUARTER FOINT): 3,005 ( 76.3 mm)
" A6 (EDGE): 2.99 ( 75,9 mm)
: KK¥TEST RECORDKKK
. NELTACO) C(INCHES): 02532 ( 0,64 mm)
y DELTACF) (INCHES): 02935 ( 0.75 mm)
> 1.0 TEST RESULTS:
[ 1.1 K(O) (KSI-SQR(IN)) 95,2 (104.6 SI)
2 1.11 R(O) FLASTIC ZONE CORRECTED (KSI-SQR(IN) 94,2 (103.5 SI)
e .2 R(F) (KSI-SQRCIN)) 68.4 ( 75.2 SI)
. 1.71 K(F) FLASTIC ZONE CORRECTED (KSI-SQRCIN)) 67.9 ( 74.6 SI)
. 1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.032 ¢ 0.8 mm)
= 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.017 ¢ 0.4 mm)
-4 1.5 AVERAGE CKACK LENGTH AT ARKEST, (IN.) 2.990 ( 75.9 mm)
N 1.5 CRACK JUMF DISTANCE, DELTA A (IN.) 1.290 ¢ 32.8 mm)
N 1.6 UNCKACKED LIGAMENT LENGTH» W-AF (IN.) 1.839 ( 46.7 mm)
N 2.0 VALIDITY REQUIREMENTS (RATIO »=1):
' 2.1 FLANE STRAINs EB/(K(F)/YS)™2 5.01
r. 2.2 CRACK JUMF LENGTHs (AF-A0)/RY(0) 40,30
i 2.3 UNCKACKED LIGAMENT LENGTH, (W-AF)/(8XRY(F)) 13.81
J‘
.
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CRACK ARREST FRACTURE TOUGHNESS

COMFACT CRACK ARREST (CCH) SFECIMEN

.
)
o FH¥TEST IDENTIFICATIONKXX FILE NAME:!: 037115
e DATE: S5-6-86
YN CUSTOMER OR JOE NO.: 7037
D) SFECIMEN NO.:! 1-15
& CRACK FLANE ORIENTATION:
Ky XXKMATERTAL XXX
V! MATERIAL TYFE:4130
=y _YOUNG’S MODULUS (KSI): 29000 (2005000 MFa)
K. MEASUKRED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI)! © ( 0 MFa)
a2 K¥XTEST CONDITIONSXXX
yoly TEMFERATURE$100 F .
e ENVIROMENT¢SILICONE FLUID
s KXKXSTARTER NOTCHXXX
Lo WAS A BRITTLE WELD USED? IF SO
: WHAT KIND? IF NOT TYFE “N‘, N
g NOTCH RADIUS»R (MILS)! 10 ¢ 0,25 mm)
o KKKDTMENSTONS KKK
T THICKNESSsE (INCHES)! .53 (¢ 13.5 mm)
- E(NY/B? 1
oo WIDTH»W (INCHES)! 4.831 (122.7 mm)
{ XKKCRACK LENGTHSXXX
o ORIGINAL CRACK LENGTH»ACO) (INCHES): 1.697 ( 43.1 mm)
() FINAL CRACK LENGTHsA(F) (INCHES):
e A2 (EDGE)! 2,495 ( 63.4 mm)
~ A3 (QUARTER FOINT)! 2.94 ( 74.7 mm)
L A4 (CENTER)?: 3.005 ( 76.3 mm)
J AS (QUARTER FOINT)! 2.99 ( 75,9 mm)
2 A6 (EDGE)?! 2,435 ( 61.8 mm)
N XKKTEST RECORIKKX
oo DELTACO) (INCHES)?: ,06547 ¢ 1,66 mm)
- DELTACF) (INCHES)?! ,06765 ( 1.72 mm)
i 1.0 TEST RESULTS:
® 1v1 KCO) (RKSI-SQR(IN)) 213.3 (234.5 SI)
N 1.11 K(O) FLASTIC ZONE CORRECTED (KSI-SQR(IN)  203.1 (223,2 SI)
- 1.2 K(F) (KSI-SQR(IN)) 137.3 (150.9 SI)
2 1.21 K(F) FLASTIC ZONE CORRECTED' (KSI-SQR(IN)) 133,55 (146.8 SI)
L 1.3 FLASTIC ZONE AT INITIATIONs RY(O) (IN.) 0.149 ¢ 3.8 mm)
3 1.4 FLASTIC ZONE AT ARREST, RY(F) (IN.) 0.064 ( 1.6 mm)
td 1.5 AVERAGE CRACK LENGTH AT ARREST, (IN.) 2.978 ¢ 75.6 mm)
- 1.5 CRACK JUMF DISTANCEs DELTA A (INJ) 1,281 ( 32,5 mm)
% 1.6 UNCRACKED' LIGAMENT LENGTHs W-AF (IN.) 1.853 ( 47.1 mm)
- 2,0 VALIDITY REQUIREMENTS (RATIO ==1)3
Ny 2.1 FLANE STRAINs RB/(K(F)/YS)"2 1.2
v 2.2 CRACK JUMF LENGTH» (AF-A0)/RY(0) 8.61

2.3 UNCRACKED LIGAMENT LENGTH» (W-AF)/(BXRY(F)) 3.60
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CRACK ARREST FRACTURE TOUGHNES:

COMEACT CRACK ARREST (CCA) SFECIMEN

XX¥TEST IDENTIFICATIONXXX FILE NAME: 037116
LATE: 5-8-864

CUSTOMER OR JOE NO.: 7037

SFECIMEN NO.: 1-16

CRACK FLANE ORIENTATION:
KXKMATERTALX¥X
MATERIAL TYFE:$4130
_YOUNG’$S MODULUS (KSI): 29000 (200,000 MFa)
MEASURED YIELD STRENGTH (KSI): 210 (1448 MFa)
ESTIMATED YIELD STRENGTH (KSI): 0 ¢ 0 MFa)
XX¥TEGT CONDITIONSXXX
TEMFERATURE 32 F
ENVIROMENT ¢SILICONE FLUID
XKKSTARTER NOTCHXXX
WAS A BRITTLE WELD USED? IF SO
WHAT KINN? IF NOT TYFE ‘N’. N
NOTCH RADIUS,R (MILS): 10 ¢ 0.25 mm)
KKK DIMENSTONSXXk
THICKNESSyE (INCHES)Y: .S24 ( 13.3 mm)
E(N)/E! .75
WIDTHsW (INCHES): 4.831 (122.7 mm)
XXXCRACK LENGTHSXXX
ORIGINAL CRACK LENGTH»A(O) (INCHES): 1.702 ( 43.2 mm)
FINAL CRACK LENGTH»A(F) (INCHES):

A2 (EOGE)>?! 3.425 ( 87.0 mm)

A3 (QUARTER FOINT): 3,415 ( 84.7 mm)
A4 (CENTER)?! 3.41 ( 86.6 mm)

AS (QUARTER FOINT): 3.4 «( 86.4 mm)
A6 (EDGE)Y?: 3.395 ( 86.2 mm)

XkXTEST RECORILXX¥X
DELTACO)Y (INCHES)?: .05132 ( 1.30 mm)
DELTA(F) (INCHES)?: .0541 ( 1.37 mm)
1.0 TEST RESULTS:

1.1 K(0) (KSI-SQR(IN)) 192, (211.9
1.11 K(0O> FLASTIC ZONE CORRECTED' (KSI-SQR(IN) 185.1 (203.4
1.2 K(F) (KSI-SQR(IN)) 104.2 (114.5
1.21 K(F) FLASTIC ZONE CORRECTED (KSI-SQR(IN)) 102,33 (112.4
1.3 FLASTIC ZONE AT INITIATIONs, RY(O) C(IN,) 0.124 (¢ 3.1
1.4 FLASTIC ZONE AT ARREST, RY(F) C(IN.) 0.038 ¢ 1.0
1.5 AVERAGE CRACK LENGTH AT ARRESTs (IN.) 3.408 ( 86.6
1.5 CRACK JUMF DISTANCE» DELTA A (IN.) 1.706 ( 43.3
1.6 UNCRACKED LIGAMENT LENGTH» W-AF (IN.) 1.423 ( 36.1
2,0 VALIDITY REQUIREMENTS (RATIO »=1)3
2.1 FLANE STRAINs RB/(K(F)/YS)™2 2.13
2.2 CRACK JUMF LENGTH» (AF-A0)/RY(0) 13.81
2.3 UNCRACKED L IGAMENT LENGTH, (W-AF)/(8XRY(F)) 4.71

SI)
SI)
SI)
SI)
mm)
mm)
mm)
mm)
mm)
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"APPENDIX 2"

Test Method Used to Measure the
Crack Arrest Fracture Toughness

of High Strength Metals
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Research
. Laboratory. Toughness of Armor Steels
RS Inc. MRL #7037 A1 March, 1987
o -
: 000
)
‘\: )
o —— 1.0 INTRODUCTION
0
5 ASTM is presently balloting a "PROPOSED ASTM STANDARD TEST
"' METHOD FOR DETERMINING THE PLANE STRAIN CRACK ARREST FRACTURE -
L]
$5 TOUGHNESS, KIa' OF FERRITIC MATERIALS". This method is generally
i\Q directed toward very thick, intermediate strength steels of the type -
A"
.:j used in nuclear reactor pressure vessels. The procedure described in
.:f this appendix extracts the information in this method that is
s applicable to5 high strength metals having a ratio (Ka/yield strength)2
1 that is considerably less than unity. This restriction eliminates
. i .
:Q‘ some of the testing, and analytical complexities that are associated
%1 with the more general method.
'l!.
> 2.0 SUMMARY OF METHOD
»
r. <
r. < This test method elvaluates the stress intensity factor at
f which a fast running crack will arrest. The test is made by forcing a
1y
W wedge into a split pin which develops an opening force across the
:i crack face of a compact type specimen causing a run-arrest segment of
o
Rt crack extension.
o
),
¥ Certain specimen size requirements must be maintained:
?ﬂ The in-plane dimensions must be large enough to allow the specimen to

] be analyzed by elastic methods. Testing is done on full thickness
plates so that a condition of plane strain may not be developed, but
it generally will for the high strengtrh metals that are the subject
of this method. The minimum in-plane specimen dimensions are a
function of the crack arrest toughness and the yield strength so that

a range of specimen sizes is provided.

During the earlier portion of the run arrest event,

dynamic effects are large because of the abrupt acceleration of the

40
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initially stationary crack tip. During the later portions of the
event, while the crack velocity decreases toward arrest, these dynamic
effects become negligible so that the value of K at the moment of
arrest can be calculated by equations that have been established on

the basis of a static elastic stress analysis of the compact specimen.

Since only the arrest toughness is being evaluated, the

method is independent of the manner in which the crack is initiated.

Calculation of the initiation toughness is based on
measurements of the machined notch length and displacement at
initiation. The arrest toughness is based on the measurements of

crack length and displacement at arrest.
3.0 SIGNIFICANCE

The significance of the test with respect to armor
behavior has not been established as yet. It is expected, however,
that the crack arrest facture toughness values will assist in
selecting armor materials so as to have a minimum area of shatter and

a minimal amount of cracking.

The parameter Ka may also be useful as a material

parameter for computer modeling armor behavior.

b,0 DEFINITIONS

—3/2)-~the

value of K calclulated on the basis of the original, machined crack

4.1 Stress intensity at crack initiation, Ko (FL

length, and the critical displacement at which the run-arrest segment

of crack extension is initiated.
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eoo
RN Note: Since cracks are initiated from machined, relatively

blunt nstches, the singularity assosciated with a sharp notch
does not exist. Nevertheless, the pseudo K-value is calculated
for initiation in order to have a measure of the driving force
used to start the event. Ko is not a material property, but is
a function of the type of starter notch used.

-3/2

y,.2 Crack arrest toughness, CAT, FL --the value of K1

calculated on the basis of the crack length and displacement at
arrest.
FL™3/2

L.2. Plane strain crack arrest toughness, KIa’

value of CAT for a crack extending under a condition of crack-tip

-=the

plane strain. Full thickness plates are tested in this method.
Whether or not a condition of plane strain is attained is specified by

“he definition in Section 8.4,
5.0 APPARATUS

5.1 The procedure involves testing of compact specimens that
have been notched by machining. Because the locad required to start a
crack from the machined notch 1s large compared with the load needed
to maintain extension after a natural crack forms, the loading system
must have a l1ow compliance compared with the test specimen. Hence, a
wedge and split pin assembly are used to apply a load on the crack
line. This loading arrangement does not permit easy measurement of
opening loads, s0 that displacement measurements are used for

calculating K and K_.
2 a

5.2 Loading Train - A typical loading train is shown in Figure
1. The specimen i{s mounted on a base block that contains a hole that
is aligned with the specimen hole. The load that forces the wedge
into the split pin {s transmitted through a load cell.
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5.2.1 Lubricant should be provided between the base-plate and
specimen. Sheet or tapes of TFE-fluorocarbon, heavy olls or dry

lubricants can be used.

5.2.2 A 1low taper-angle wedge with a polished finish and split
pin arrangement is used. The dimensions of a wedge and split-pin
assembly that has been found satisfactory for a specimen containing a

2.4 mm hole is shown in Figure 2.

The split-pin must be long enough to contact the full
specimen thickness, and the diameter la}ge enough to avoid upsetting
the test specimen. The wedge must be long enough to develop the
maximum expected crack-opening displacement. Any air or 0il hardening
to>n]1 steel is suitable for making the wedge and a hard bronze is
recommended for the split pins. A hardness in the range 45 to 55 RC

has been used for the wedge.

The wedge, split-pin and specimen hole should be
lubricated. Wrapping the wedge and split-pin with TFE-fluorocarbon
tape has been found to be satisfactory. With the small wedge angle
and proper lubrication, a loading machine producing 1/5 or 1/10 the

expected maximum opening load is adequate,

5.3 Displacement Gages - Displacement gages are used to

accurately measure the crack-opening displacement at 0.25W from the
l1nad-1line. The gage recommended in Method E399 is satisfactory.
However, {t is necessary to attach the gage in a fashion such that it
will not lose contact with the specimen during the run-arrest event.
A method that has proven satisfactory for doing this is shown in
Figure 3. Other gages might be used 3% long as their precision is
consistent with the calibration procedure outlined in of Method E399.
Absolute accuracy within two percent over the working range is

required.
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s — 6.0 Specimen Confirguration, Dimensions, and Preparation

:. 6.1 Standard Specimen - The geometry of a compact crack arrest
‘3 (CCA) specimen that is satisfactory for high steels is shown in

X Figure 3.

-

..

“ 6.1.1 The thickness, B. shall be full product plate thickness.
N

\

6.1.2 Side grooves shall be used. These have a root radius of

0.010 in (0.25 mm), a 45° included angle, and a depth = B/8 per side.

v S g
> = 2. 8 &

¥ 6£.1.3 The specimen width, W. shall not be less than 2B.

.'\‘

. 6.1.4 The loading hole diameter, D, shall be within the range
[+ 0.25W < D < 0,5W.

- VY2

;{ £.1.5 The length of the crack starter notch, a_, shall be within
;- the range 0.30W < ao < 0.35W.

e

t; 6.1.6 The displacement gage centerline shall be at an offset by

0.25W.

",

{ 6.2 Specimen Dimensions - In order for a measurement of Ka (or
f' KIa) to> be valid by this method, the size requirements of 8.3 (and
]
- 8.4) must be met. The minimum allowable specimen depth, W. is

'). therefore determined by the value of Ka (or KIa) to be measured. The
,j: Ka (or KIa) measurement capacity is approximately 0.6 (oys + oo) W
M where ¢ and o_ are as defined in 8.3.2.

v ys S

L

6.2.1 For a plane strain test the specimen thickness, B. must

‘

) meet the requirement of 8.4,

\

Cd

¢

?

)
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6.3 Starting Notch - The function of the starting notch is to

produce crack initiation at a load line displacement (or wedging
force) which will cause the crack to arrest after an appropriate
length of extension., It is convenient to express the crack initiation
condition in terms of a formally calculated stress intensity factor,
Ko' based on the crack line displacement and the initial machine notch

length. A machined notch rather than a fatigue pre-crack is used.

7.0 Procedure

71 Number of Tests - It is reconmmended that at least three

replicate tests be made.

7.2 Specimen Measurement - Measure the thickness, B, and the

crack plane width, B, to + 1% of B at four locations between the end

N
nf the machined notch crack starter and the unnotched edge of the

specimen, Measure the specimen width, W, to £ 0.5% of W.

7.3 Preliminary Calculations - In order to meet the

requirement of 8.3 the value of Ko should be limited to 0.75

(oys + 03) YW. To achleve this the displacement, Vo, should be
limited to V _ < [KO VW/Ef (a/w)] (BN/B)”2 where the terms are as
defined in 8.2. This initial displacement will permit Ka measurement
between approximately 0.25 (cys + oo) YW and 0.60 (cys + Uo) YW, If
values below 0.25 (oys + ao) YW are anticiapted, the displacement VO

should be restricted to correspondingly lower values.

7.4 Loading Procedure - The specimen is loaded until the crack

extends or until a pre-selected displacement is reached. During the
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loading, autographic records of displacement versus time and of load
versus time are obtained. Alternatively, a single record of load
versus displacement may be adequate, Specimen displacement
measurements, only, are used in the calculations; the wedge load
measurement, however, gives supplementary information about the nature

of the crack propagation.

T.4.1 To measure Ka or K;, a segment of unstable crack
erxtension as defined in 8.1.1 must occur. The occurrence of unstable
crack extension will normally be apparent to the operator, both
audibly and as an abrupt load drop on tﬁe test record. The operator
should continue the test until loading of the specimen just resumes,
and then remove the loading on the wedge to avoid further crack

propagation.

7.4.2 If cracking has not occurred by the time a preselected
displacement, Vo’ has been attained, the load may be released; and an
attempt can be made to induce cracking by repeated loading of the
specimen, If multiple loading is used, the permanent displacement
remaining after the wedge is removed, Va, must be measured and
recorded after each load application. The total accumulated permanent

displacement, EVa, is used in calculating Ko and Ka'

7.5 Marking the Arrested Crack - The position of the arrested

crack can be marked by heat tinting., For steels, heating at 260-370C
for 10-30 minutes has proved successful; for some aluminum alloys
heating for 24 hours has proved successful. Any time and temperature
combinatisn which clearly marks the arrested crack front is
acceptable. The appearance of heat tinting on freshly machined (or
ground and sanded) surfaces may provide a clue to the heat tinting
progress on the fracture surfaces. If the fracture surfaces are to be
examined microscopically, lower heat tinting temperatures are

recommended.
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" A\
ﬁ ‘ T— An alternative to heat tinting is to extend the crack by
Q'; fatigue.
Lot
Saa
.?. 7.5.1 After heat tinting, the specimen is broken completely in
3
i“) two. This can usually be done with the wedging apparatus used in
:q testing the specimen. The breaking open of steel specimens may be
ALY
;Rﬁ facilitated by cooling them in dry ice or liquid nitrogen.
5:"-
'r\_
’ 7.5.2 Measurement of Arrested Crack Length - Measure the crack
! length on the heat tinted fracture surface to the nearest 1.0 percent
ﬁ}i at the following three positions: at the center (mid-thickness) of
A
v@\: the specimen, and midway between the center and the bottom of the side
i )
3o groove on each side, The average of these three measurements defines
;;az the arrested crack length, ag.
TSRS
o
}:} 8.0 Calculations and Interpretation of Results
e
Sy 8.1 Interpretation of Test Record - The displacement, VO,
ool
:jxj corresponding to crack Initiation, is shown on the test records in
[/ ".~
_::: Figure 4. The initial displacement, Vo, used in calculating KO is the
N sum of vo' and Eva, the accumulated permanent displacement in previous
2 loading cycles as described in 7.4.3.
i -._‘.-‘
P
SN
v:;t 8.1.1 The displacement, Vr', corresponding to crack arrest, is
'5' shown on the test record in Figure 4. The final displacement, Vr used
i‘ﬁ in calculating Kf is the sum of V_.' and IV
e f a
)
o
‘f:$ 8.1.2 In order to establish a proper value for Vf, it must be
g~ In% 4
.@ verified that unstable cracking occurred, Evidence of the occurrence

of unstable cracking is a load drop of at least 10 percent from Pmax'
This should occur in a time interval of less than 100 msec (interval

B~C in the load time record, Figure 4a).
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— 8.1.3 The arrest displacement Vf‘ is the displacement read from

Rt ek Bl Sal b S e A il Sl i S Sl St Shal els el r-ﬂv_wwr,’

the test record at the time corresponding to point C. which is the

time at which the wedge load passes through a minimum,

8.2 Calculation of K and K. - Calculate K, and K. from the
fnsllowing equation
K = Eramm 2 mrm e
where:
2 1/2
2.24 [1.72 - 0.9 (a/W) + (a/W)"1[1 ~ (a/W)]
f(a/w) = >
[9.85 ~ 0.17 (a/W) + 11.0 (a/W)"]
where:
v = initial displacement, V , or arrest displacement,
Vf, as determined in 8.1,
E = Young's modulus, MPa,
a = initial slot length, ao, or final crack length,
ap, as determined in 7.5.2,

W = specimen depth, mm
B = specimen thickness as shown in Figure 4, mm, and

]

e BN = specimen width at crack plane as shown in
'? Figure L,

-
[} Lol

L
'é To calculate K_, use a = a, and V = V_. To calculate Kf, use a = ag
5 and V = V.

,

f'
L ,-.
4 J'
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8.2.1 T> facilitate calculation of Ko and K values »of f(a/W),

f
are tabulatea below for specific values of a/W. (Linear interpolation

between tabled values gives satisfactory results.)

a’/w f(a/W) a/w f(a/W)

0.30 0.268 0.60 0.159

0.35 0.248 0.65 0.143

0.40 0.228 0.70 0.128

0.45 0.210 0.75 0.113

0.50 0.192 0.80 0.098

0.55 0.175 “0.85 0.082
8.3 Size Requirements - In order for Kf to be a valid measure
of Ka or KIa' the following requirements must be met.

8.3.1 The unbroken ligament, W - a shall exceed O.1W.

fl
8§.3.2 The unbroken ligament, W - ap, shall exceed
2
Y
(U/n)[Kf/(gys + oo,] where oys is the 0.2 percent offset yield
strength of the test material (measured by Method E8) at the test

temperature, and o, is a strain rate correction equal to 205 MPa for

steels.

8.4 Plane Strain - In order for Kf to be avalid measure of Kla

. 2
the thickness, B, must exceed 1.25 [Kf (oyS + oo)] .

9.0 Report

9.1 Test identification.
9.1.1 Date.

g.1.2 Specimen number.
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9.1.2 Crack plane orientation,
9.2 Material.
3.2.7 Material type.
9.2.2 Young's modulus. -
9.2.12 Yield strength (offset = 0.2%) as determined by Methad E8,
9.3 Test temperature. i}
9.3.2 Noteh depth.
g.,4 Specimen dimensions.
Q.41 Thickness,B.
e B./B.
S N B
9.4.3 Width, W,
9.5 Crack length measurements.
9.5.1 At machined notch, a,.
9.5.2 At arrest.
9.5.2 At mid-thickness.
9.5.2.2 at 1/4 points.
3.5.2.3 Average crack length at arrest, af.
9.6 Test record.
9.6.1 Load and displacement records and associated calculatisns,
9.6.2 Critical displacements,
9.6.2.1 Accumulated permanent displacement in previosus l»ading
cycles, 1if any, ZVa.
9.5.2.2 Displacement (on last cycle) corresponding t> crack
initiatisn, V_'.
o)
G.£.2.2 Total displacement corresponding t> crack initiation,
V =V _ '+ LV .
o o) a R
G.F,2.4 Displacement {on last cycle) corresponding t> crack
arrest, Vf’.
9.£.2.8 Total displacement correspcnding to crack arrest,
‘J = v 1) + A .
f f ZJa
9 .F .3 Load drop as percent of P .
max
9.7 Calculated values of crack initiation and crack arrest,
50
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K and K_ (K. ).
o) a Ia
Validity requirements.

Load drop.

Uncracked ligament length.
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1. Upper Cross-head
2 Load Cell

3. Wedge

4. Split Pin

5. Knife Edge

6. Displacement Gage
7

8

9

0

. Specimen

. Lubricant Layer

. Base Block -
; 10. Lower Cross-head
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Fig. A2-1 Typical Load Train
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Suggested Wedge and
Split-Pin Dimensions:

W D R S*

50.8 19 16 16.2

1, &
v“,'-'_ Ll

101.6 25.4 21.6 16.2

R T depends on plate thickness
¢ . S and test machine requirements

O *S may be larger or smaller
depending on "T"

¢
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Fig. A2-2 Wedge and split-pin loading assembly, (mm)
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Fig. A2-3  Dimensions of compact crack arrest (CCA) test specimen.
(Some specimens did not have side-grooves.)
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Fig. A2-4 . (a) Typical load and displacement vs. time diagrams.
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(b) Typical load-displacement diagram.
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