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W Scientific Notebook No. 149: Fracture

4 £ 1 Mechanics Wedge Open Loading Stress

A Ll Corrosion Cracking Tests (02/21/1997 through
09/19/2000)
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Initial Scientific notebook entry for Fracture Mechanics Wedge Open Loading
Stress corrosion cracking tests. -

Title: FM316L#).

Tests Preformed by: Darrell S. Dunn and Gustavo A. Cragnolino.

Objectives: Determine the propagation rate for stress corrosion cracking of 316L
SS as a function of applied potential in chloride containing environments.

Equipment: ESC multichannel potentiostat Serial Number 9209138. Strawberry
tree data acquisition boards (16 channel, 16 bit A/D and 8 channel, 12 bit D/A)
and workbench data acquisition software. IBM 486 computer. Teflon/glass reaction
vessels or vessel meeting the requirements of TOP-008, Ultrasonic inspection unit
with transducer mounted on crack length measurement caliper.

Materials: 316L Heat # P80746.

Specimen specifications: As shown in CNWRA-149 page 72-74

Measurement Parameters: Potentials verses saturated calomel electrode, current,
crack length

Required level of accuracy: Potentials: + 5SmV; Current: 1.0x10° A: Crack length:
0.001" (0.025 mm)

Uncertainty and Sources of Error: Specimens only partially immersed during
testing. Actual current density of corroding areas is not determined.
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Procedure for conducting fracture mechanics wedge open loading stress corrosion
cracking tests

1. Specimens machined by Metal samples (Munford, AL) according to
specifications shown on pages 72-74.

2. Specimens were fatigued using a cyclic tensile load in order to initiate a sharp
precrack. Precrack length was than measured and recorded.

3. Specimens were then loaded using loading wedges. Deflection of specimen or
crack opening was monitored with clip gage attached to specimen.

4. Loaded specimens will be placed in test cells and immersed in solution.
Potential of specimens will be monitored. Tests conducted at applied potentials
will use Ti plated as counter electrodes. Potential and current data will be saved
to disc as ASCII data files. ‘

5. Specimens will be periodically removed from test cells in order to measure
crack length. Crack length will by measured using both ultrasonic and microscopic
inspection methods as described below:

Ultrasonic inspection. Specimen will be placed in measuring jig and
secured in order to prevent movement of the specimen. A water based
ultrasonic coupling agent will be applied to the edge of the specimen
parallel to the orientation of the crack. The ultrasonic transducer, which is
attached to a vernier caliper, will be held on the specimen by means of a
spring. The transducer will be moved along the surface in order to find the
location of the end of the crack. Crack length will be reported as the
distance from the crack tip to the center of the loading bore (0.505"
diameter).

Microscopic inspection ~ Specimens will be placed either under a
stereomicroscope or on an inverted metallurgical microscope and observed.
A small scribed line may be used to note the location of the crack tip after
each testing period. This method will provide information on whether the
crack tip has advanced, however precise measurement of the crack length
may not be possible using this method.

6. At the conclusion of the tests, specimens may be opened by applying a tensile
load until the specimen breaks. The propagation of the crack over the course of
the exposure will then be observed.
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Scientific notebook entry for Engineered Barrier System Experimental Research (EBSER).

EBSER TASKS:

1.

N R W

Effect of Microorganisms on the Near Field Environment and the Corrosion of Waste
Packages.

Effect of Waste Packages on the Near-Field Environment.

Long-Term Corrosion Tests for Prediction of Waste Package Performance.
Long-Term Stability and Embrittiement of Overpack Materials.

Stability of Multipurpose Canister Basket Materials.

Dissolution and Radionuclide Release From Spent Fuel and Vitrified Waste Form.
Reporting.

Tests Preformed by: Darrell S. Dunn, Peter Angell, Gustavo Cragnolino, and Narasi Sridhar.

EBSER Specific Objectives:

1.

Develop and understanding of the processes affecting the near-field environment
contacting the waste package in order to provide input to models and to confirm model
predictions.

Address performance issues (corrosion, mechanical properties, radionuclide release rate)
relevant to the current DOE ACD phase while retaining the flexibility to the
methodologies developed to a variety of materials and design features

Conduct waste package experiments to scope and study the key parameters such as
critical potentials, and fracture toughness affecting the long-term waste package
performance.

Assess the adaquacy of the DOE data and methodologies used to support lisense
application.

Provide information to support modeling activities related to waste package performance
for Engineered Barrier Systems and Iterative Performance Assessment programs.

Detailed test objectives identified in initial entries or individual test entries.

TASK: All tests in this notebook form this page on were conducted as part of TASK 3, Long-
Term Corrosion Tests for Prediction of Waste Package Performance, unless otherwise identified.

Equipment: Same as in IWPE program. Specific equipment lists provided in test initial entries
or in individual test entries. o

Materials: Alloy 825 heat HH4371FG, Alloy 825 heat HH8882F, 316L heat P80746. Other
materials and heats to be added and identified prior to testing.

CLd ). s2ferfs
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Z’/'ﬁ'ﬂ/ go?‘ry ﬁf DCcB Stess Corrsiom C'mo,éy Vs As

|
|
-
T Initial Scientific notebook entry for double cantilever beam stress
—~ corrosion cracking tests.
i ] Title: DCB tests
¢ ? ",g g Tests Preformed by: Darrell S. Dunn, Gustavo A. Cragnolino, Yi-Ming
° : S Pan
, PR OES Objectives: Determine the environmental conditions in which stress
: ES L corrosion cracking occurs for 316L SS and Alloy C-22.
§ LY y
. f ] FR N !
§ : : g > E— Equipment: ESC multichannel potentiostat, National Instruments data
o ¢ T .| <3 acquisition system (16 channel, 16 bit A/D, 12 bit D/A) and Labview data
! < 3 acquisition software. Net Force 586 computer. Teflon/glass reaction
S § Mk vessels or vessel meeting the requirements of TOP-008. Additional
v 3 : . . :
5 . o |8 equipment will be added if needed.
: Y P30 Wy
& | Materials: Alloy C-22 Heat # 2277-6-3193 (Metal Samples lot # M380),
| sl |8 j Alloy C-22 Heat # 2277-7-3101 (Metal Samples lot # M 924),
3|13 g 316L Heat # P80746
§§ gl2lel®
é HIHHHE : Specimen specifications: DCB specimens Dimensions provided on page
X 7181212 76 - 77
§ § § . ° =
e | § ila(e)” g Measurement Parameters: Potentials verses saturated calomel electrode,
._Q__‘ 5§ FIRARE é current density, crack length
~ A HHEHIE
2 - = . Required level of accuracy: Potentials: + SmV, Current density: 1 x 1077
/ Alcm?, Crack length: 0.025 mm.
)
N | A = 2 Uncertainty and Sources of Error: Crack may not propagate in a
R ' g © uniform manner. Crack length will be determined using ASTM standard
procedures.
% == /@a‘» <15/ 95
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April 23, 1998

Mr. Benjamin J. Lackey

79

/9//0)' Czz Maitkrg/ {p&w%m»byi

Customer: 01482
Your PO#:

SOUTHWEST RESEARCH INSTITUTE

227753777
Metal Samples Company Lot No. ®%380° Mill: HAYNES INTERNATIONAL Our Order Line No. 0
P.O.Box 8 Description: HASTELLOY €22 .5" X 9.5" X 7"
Chemical Properties:
152 Metal Samples Road C:0.004 Co:1.500 Cr:21.400 Fe:4.900
Munford, AL 36268 T Mn:0.150 Mo:13.410 Ni : BALANCE P:0.010
N— $:0.007 S$i;0,027 V10,120 w:3.100
Dear . Physical Properties:
Ben: Tensile-PSI: 106,000 (73//2@) ‘Elong-%:70
. . . . Yield-PSI:48, 000 ( 33/ 7Pa) Condition:ANLD
Thank you for your quotation for preparing double cantilever beam specimens and loading wedges w_“" Hardness:HRB 89 4
for both Hastelloy C22 and 316L stainless steel. The purchase order will be seat to you shortly. ““ """""""""""""""""" 7 '7'2'3‘;‘7-] -------------- -
2
rest— y -
‘ Lot No. MB3b: Mill: HAYNES INT'L our Order Line No. ©
As we discussed, the 316L SS specimens will be manufactured from the material supplied by SwRL Description: C22 .500"X12X22,75 1 [C
I am now sending you a 316L SS plate of 12" x 12" x %" from which the specimens will be cut out. The heat % Chemical Properties:
number of this material is P80746. Please notice that the DCB specimens will be machined in such a way —— gl:lt"éoggo ﬁg iésigo .g_r321 . 792E gf(‘)‘iégéo
that the direction of crack growth is parallel to the direction of grain flow (longitudinal axis). This will also L S:0.001 $i:0.024 vt [)E.Jl‘l‘;om W:2.970
apply to the C22 DCB specimens. You can keep the remaining material at your place for our future purchase | pPhysical Properties:
inquiry. If you have any questions, please contact Darmrell Dunn at (210)522-6090 or myself at - gc_aniijlggsiz 1836000 (7 944*/*?;4)) Elogg—%:se.o
_ ield-PST: 54, (272/7/a Condition:ANLD
(210) 522-5259. Thank you. — Hardness:RB 90
Sincerely, 22777 Fre/
Lot No. M9Z&: Mill: HAYNES INT'L our Order Line No. 0
— ?2 oo : Description: €22 1.00" x 6.25" x 12.00
% S - e Chemical Properties:
] ) . C:0.003 Co:0.370 Cr:21.570 Fe:5,170
Yi-Ming Pan, Ph.D. _, Mn:0.260 Mo:13.390 Ni:BALANCE P:0.011
Consultant Clr. 4‘/23/7.? ! 5:0.002 $1:0.023 V:0.160 W:2.900
‘ Physical Properties:
Tensile-PSI:107,000 ¢ 720 4/a) Elong-$:67.0
‘ Yield-PS1:51, 000 (382/7/a) Condition:ANLD
; Hardness:RB 90
/ [
/ } We certify that the Material Test Report is correct to the best of our knowledge
‘ and that the material supplied meets your required P.O. specifications.
/ y THANK YOU, Quality Control Dept. _Qét%z (2
Metal ALABAMA LASER é RESEARCH AND
pd 4 = 'TECHNOLOGIES- |%=»| DEVELOPMENT
/ | Samples e
} 2 S5/ 2f
i
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Alfey C22  chemiel Copposishtm Momafyss’s
i om 3 é S— FORM FOR REQUESTING WORK FROM OTHER DIVISIONS
R .
g a : S . . —
-.E % § =~ k"\ s o A. TO BE COMPLETED BY DIVISION 20 PERSONNEL
RN B ; -
%Eﬂ, 2 N 2 o Requester:_ Darre/) Dunn [/ %‘my Box Request Date:_Tagne /. /93F
i 55 -~ : Project No.: 20~ /402~ 52/ Phone No.: Py 5258 (1 W(n—p)
2d « 'l\ H - Description of Work Requested: /s .0/ CONLpCton gnafisis of Loptesloy C-22
wn _ “ ‘k ___________ § i . _,,‘,‘&13 A 74, LR BP0 ond ¥, 24" lemen . Y . —————
e A o . ™ ,l A - Co Lo Lo S, 50, M. Cr. Mo, Fe. W. (o V. Zd2 seecimens oV de
2|2 e N - ] A — § A —_ SAPRE LR oo By Kgun Mpesd wer
Fi ol N S 2 R e oo 7 "
E é f } ] — N B 3 Optical Microseopy  FSEM 3 = 0 Proflomen T Amger W G
E -2 S “
2 ;’i .. & ——————————— § g% " Q . ALITY RE QUIRE MENTS: The work rtquested is govemed by the CNWRA ify Asmmce S
TR S FLEN ‘ Program whick addresses requirements of 1 OCFRS50, Appendix B. Personnel performing this work shall
L&z R HIE ‘ be qualified under the CNWRA QA program or equivalently under the SwRI Nuclear QA program. Test
- 5 - ‘5 H o ] and analysis methods shall be documented by approved procedures or recognized, standard methods.
beg P W {8 H et Measuring and test equipment shall be calibrated and controlled according to CNWRA and SwRI
« = 3 -g Nuclear QA program requirements.
3 . Bw O kit o ¥ p
Egﬁ '.él '{; z gi - | — — Sample Identification Description -
pand >4 »
38 E g:f § ? 2 @ D cz22 ~-Mpro Hacketfo, €22 archie markmnl Fom Lo # P20,
g = & — g a ’ S Cz2-m92¢ Hestefoy C22 ardd,ve mafer, v/ Foom Lo 22
f=1 9 @ .
. pfsd gl il I
I RE [43 -
o prz fELLE N N
® ExE OR3P -
B oa 35 olE
g' s N g1z E B.  TO BE COMPLETED BY DIVISION PERFORMING WORK"
g 6 g A
£ OpE.L 8l -/
BN RLE Person Assigned: Hagoup Sa1pans Siguature:
o «~x o Division: (15 Date:__ (-23-95
& 8l
oF R HE Make, Model & Serial No, of Equipment Used (attach list if necessary):
& g . _AMRAY Mod. (EHS T SEM 5 Keyex Sreme KS3 £DS
2k ~N g 4} x —
3 § §5 o Y \\;:- Software Used (If any):
N No@m e t -
g - LY E % ﬂ . “ ! Standards Used ar any): [
g 8 ° g 7 = 3;\; o
s d £, 5 {? A% ] \‘; ~ - Photographic Negative Numbers (If Applicable):
= s.xq 5 i - - z T :
x %; 5 < ﬂg “Ff |0 : \
a gs e . 3 —
: 25 fF 3§ 2 Y —
£ & E b ¥ e N
_. # . ~ ;é s N
: - AL S 1o P
gro 3 = ?_Si B = P ik g%\ ! Please sign and date any hardcopy of analysis or list of photographs (The photographs
g oz :‘j z §§ [ P I #E o 3 \ themselves need not be signed). If error occurred during entry, do not erase or overwrite, but . S—
$ e < ) p strikeout with single line, initial and date, and then reenter correct information.
: +/ L 3 p
S S e ) %-——?
e/ 727 FF
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-y S S S =3 S S =S
GENERAL CONDITIONS - 2 F S S g S S 5 ~
__________________ b il S 9 © o < N =
[ . .
Result File : HS556 T 2r _
File Version : 1 ] aF t
Background Method : Fit 2F £
Decon Method : Gaussian - -
Decon ChiSquared 4.29 1 - = -
Analysis Date 23-JUN-98 ! B+ 2 ;
Microscope SEM T af o
Comments C22 - M924 — u +
. o “
o
Element Line Weight% K-Ratio Cnts/s Atomic% s
__________________________________________________ o
|-
Si Ka 0.00 0.0000 0.00 0.00 ar
P Ka 0.00 0.0000 0.00 0.00 — 50
S Ka 0.00 0.0000 0.00 0.00 ( of
v Ka 0.22 0.0021 5.55 0.26 T -1
Cr Ka 21.73 0.2235 513.79 25.44 of
Mn Ka 0.49 0.0052 10.37 0.55 . “F
Fe Ka 5.06 0.0531 92.64 5.51 ‘ — 3
Co Ka 0.42 0.0040 5.97 0.43 ~
" Ni Ka 57.14 0.5639 713.46 59.25 -
Mo - La 11.90 0.0834 206.07 7.55 -
W Ma 3.05 0.0165 33.56 1.01 -
. n [
Total 100.01 N
., — \ [¢)]
%/(24\ Siv/3F S Lo 3
o [ <
2 - T &
S FQ ©
. s :
/ , - =
/ r :_
n -
] v b
o -
/ . [ &
=] -
/ ] R
/ o [
@ =
o % [ .
]
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|
‘ | | - S 5; '§ §1 ' § '§ § »'§ 3 g
GENERAL CONDITIONS , — ~F ] g e S S S =
__________________ —
‘ aE -
Result File : HS557 b = :
File Version : 1 ’ o §L )
Background Method : Fit | ar o
Decon Method : Gaussian o B [
Decon ChiSquared : 3.94 - o - = y
Analysis Date : 23-JUN-98 £f = :
Microscope : SEM ' e A o
Comments : C22 - M830 : S £ o w i
ok ‘"' r
S S:
Element Line Weight% K-Ratio Cnts/s Atomic% af . N
_________________________________________________ il i 8] T~
wut.
Si Ka 0.00 0.0000 0.00 0.00 ™ =i
P Ka 0.00 0.0000 0.00 0.00 I 8 8 -
S Ka 0.00 0.0000" 0.00 0.00 ~F
v Ka 0.17 0.0017 4.33 0.20 o - g M )
Cr Ka 21.90 0.2254 520.32 25.66 oF
Mn Ka 0.27 0.0028 - 5.68 0.30 Y
Fe Ka 4.15 0.0436 76.33 4.53 - © -
Co Ka 1.65 0.0159  23.83 1.71 » E
Ni Ka 56.78 0.5612 713.14 58.91 o > o
Mo La 12.19 0.0856 212.45 7.74 B A
W Ma 2.90 0.0157 32.04 0.96 , . - L
: S F R @
Total 100.01 TEB 9
=25 % frg
LA g 5p s & -3 2
§F & ©
o -
- o
: =
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wn -
@ [
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88 B 89
bk Specr?r Eps / Va‘c//h/}y Copre c/rtn
June 23, 1998
e Mr. Dennis Pritchard
f V.P., Sales and Marketing
SOUTHWEST RESEARCH INST. 7010  P.0. KO: 50138 W\“‘\" Metal Samples Company

6220 CULEBRA RD
P.0. DRANER 28510

DESCR: 06/24/98

P.O.Box 8
152 Metal Samples Road
Munford, AL 36268

SAN ANTONIO TX 78284 RELEASE¥20511 e

HAROLD SALDANA : —t Dear Dennis:

HEDRAFT 44 REPORT DATE: 07/01/9% _ |
JEebubuivuutetoiitutefutotupubuiutaputuingusatuputepufetaiuitebefatuiuietaistnuteiis i teianisbuonsPebepsieten et As discussed with Ben Lackey of Metal Samples, I am sending you the DCB specimens f
LaB NO: _?@?:90? al J0B NO:  06/26 M5 f- purchase order numbers 27724 & 28169 for side groove correction. Enclosed you will ﬁr?d a toct]:xls o;olrz
S-mosoiIIIIIIIT : ; DCB specimens: six each for Hastelloy C22 and 316L stainless steel from PO 27724 and two Hastelloy C22
(22-K830 _ specimens from PO 28169. Please notice that the labels of the C22 specimens from two different POs were

e duplicate. The two specimens from PO 28169 have been marked 7 & 8, respectively.
CHENICAL ANALYSIS ( w+ % ) " Our dimensional measurements indicate that both the width and depth of the side grooves do not
oy T + fulfill the specifications in Drawing #IS 2706. Ben mentioned that Metal Samples has a standard QA
3 0% fn -2 C' 0t a inspection procedure and will correct the problems if the dimensions of the specimens are off specifications.
P 025 S 00 Hi 58.32 5 Would you please send me the QA check results and let me know your correction plan. Please also provide
Cr 20.10 Yo 11.26 v 13 | me a quotation for machining of both knife edge and thread hole on the DCB specimens. The drawings are
Co .30 Fe 3.52 H 2.90 T attached. Your comments on the additional machining work will be appreciated.
TEST NETHODS: ASTH E 663 : ASTH E 1019 : ICP Y I can be reached through a telephone at (210)522-5259 or by fax at (210)522-5184. Thank you.
: ) ) ; i
Sincerely, ’

SOUTHWEST RESEARCH INST. 7010 P.0. NO: S0138 ? Z g—-

6220 CULEBRA RD Yi-Ming Pan, Ph.D.

P.0. DRAHER 28510 DESCR: 06/24/98 Cclms lill]tin ta" -

SAN ANTONIO TX 7828% RELEASE#20511 % :

HAROLD SALDARA | / A

$EDRAFT $3% REPORT DATE: 07/01/98 f &/26/7P
LB H0: 065008 /02 JOBKO: 06726 Mt |
o ! //

CHEMICAL ARALYSIS (/7% %4 )

Si - S 07 }
P 02 S 001 K 57. 64 N
(r 20.10 Yo 1.5 V 4 T
Co .39 Fe 1,40 | 2.30
TEST METHODS: ASTM E 663 ; ASTH E 1019 ; ICP ; ., p ; /

—4d
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Metal 8amples Company

3 division of Alabama Specialty Products, Inc.

152 Metal Samples Road Tel: (256) 358-4202
P.O.Box8 . , Fax: (256) 356-4515
Munford, Alabama | e-mail: benl@alspl.com

United States 36268 internet: http:/Awww alspi.com

Fax Transmission from Ben Lackey

Recipient Yi-Ming Pan

Company Southwest Research Institute

Fax Number 1-210-522-5184

Subject Q.C. Disposition for DCB's A

Date 6/26/98 e ...+ Number of Pages (including cover) 2 »
Dear Yi-Ming,

Per our earlier conversations, and your correspondence with Dennis Pritchard, we have

had our Q.A. group inspect the notch / side groove positions of your DCB specimens, as ...

ordered on order #s 27724 and 28169.

The Drawing # 1S2706 calls out a positioning tolerance of 0.004" for the notch / side
groove dimensions. Following, piease find the results and disposition of the inspection

of the samples.

In regard to the addition of the knife edges for a clip gauge and the threaded hole, Metal

Samples Company will make these additions to this group of specimens at no additional =

charge.

If you have any questions, or concerns, please let us know.

Best Regards,

Benjamin J. Lackey

Metal Samples Company

Ser. No.

C22-1 M E20
C22-2 4
C22-3 ?
C22-4 g
C22-5 ¢
C22-6 s
C22-17 MI2%#
C22-8 4

316L -1 P Po744
316L -2
316L -3
316L - 4
316L - 5
316L-6

A I

Position Orimsn  Disposition ;Z/% 7%

/307@ 7/ 047/

g

/ R
.007" F—L Remake specimen
005" 4 Remake specimen 7/1/9¢
.0075" 4 Remake specimen
004" v Remake specimen
.004" % Remake specimen
_.004" » Remake specimen
.002" -4 No Work Required
.002" S-L No Work Required
.0037" 7- & Remake specimen
.0045" 4 Remake specimen
.003" s Rework specimen
.003" 2 Rework specimen
.005" ” Remake specimen
.005" 4 Remake specimen %‘/S f Y
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5@«/»:; Motrent atd Kzece Calealotrtn of D& Scc Shecmen |

Calculate the bending moment and k1scc of DCB SCC specimehs given the load and crack length } T
PARAMETERS
load=load in ki a/w
oad=load in kips .
a=precrack length (notch + fatigue crack), inches 110 0.30 0.40 0.50 0.60 0.70 0.80
hb=height of DCB beam, inches ' [ | I I I' | I | I I T
b=specimen thickness, inches 7
h=specimen thickness at crack tip, inches 100 —
ba=web thickness, inches ]
w=loadline to end of specimen, inches 90 —
awratio=a/w @ 7]
bendingstresscracktip=stress on DCB arms at tip of crack 'E 80 — 500 Ibs
bendingstressnotch=stress on DCB arms at end of notch = N
klscc=ksi(in)*0.5 =< 70 —
nl=notch length e WO — = — 400 Ibs
— o 60 —

Input [ 5 o

| o 50— 300 Ibs
load=0.100; : e T —
b=0.375; ' = —

’ ‘ =

h=0.496; g 30 — -~ 200 Ibs
ba=0.223; : U - — A
w=3.75; — 20 —
nl=1.1835; L - - /m 1bs

k S — 1 0 — ]
Off[General::spell] , o -
Off[General::spelll] 0 T
SetOptions[$Output, PageWidth->1000] B ) I | [ | I l T

B Print[“hb(inches)”,“ ",llb(inches)ll’" ",llh(inches)"’" ",llba(inches)ll,ll ll’"w(inches)",ll l',"a(inches)ll,ll 1.000 1.500 2.000 . 2.500 3.000

" "nl(inches)"," ","load(kips)"," ","bendingstresscracktip(ksi)"," ","bendingstressnotch(ksi)"," T Crack length, in
" "a/w(inches/inches)"," ","k1scc(ksi(in)*0.5)"," ","written:10/16/98"," ","run:10/16/98"] "’* : \ 77 /O
Dof _ - . | N2/
bendingstresscracktip=((load*a)*(h/2))/((1/12)b*h*h*h); T
bendingstressnotch=((load*nl)*(hb/2))/((1/12)b*hb*hb*hb); e -
awratio=a/w; S
kl1scc=((load*a(3.4641+(2.38*h/a)))*(b/ba)0.57735)/(b*h"1.5); :1

|

1
Print[FortranForm[hb]," ",FortranForm[b]," ",FortranForm{h],” " ,FortranForm[ba]," ",FortranForm[w]," ,I )
" FortranForm[a]," ",FortranForm[nl]," ",FortranForm[load]," ",FortranForm[bendingstresscracktip]," J /
" FortranForm[bendingstressnotch}," ", FortranForm[awratio]," S /
",FortranForm[k1scc]],{a,1.180,2.800,0.010}] % W et /

A~ )
S
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kygcc ksi*in®®

0.30

0.40

£ 0.60 070 . 0.80

60

23 -»

Czz

e

3t6L 5S.

200 lbs

96

|
‘"‘“{%
Mw"r.\\«\
- .
0 | 500 Ibs
" 400 Ibs
o]
c .
.S - ca2
% 32 %
~4 30 — //
S 30164 55,
z *7 300i1bs
4 /
-
20 —
200 1bs
i
— 10 — /
_ 100 Ibs
0 | | l I
g0
- 0 d 80 120

Bending stress at crack tip, ksi

B | = @W

1.000 1.500 2.000- 2.500 3.000 ]
Crack length, in — ATV T4
X774 /
/
/ | /
/ /
/ . /
- / ”‘JN




96 : ' : 0./‘7
C'o/«,p/;‘mce Measerer e of 316/3 DCB SCC Spec-ymen

60 500 Ibs preliminary compliance as to crack length
40 ’ '- 0.70
| s ‘ 060
40 — S i
o _ .
= | 300 Ibs i ) 34 __%
Z 30 — 2, ] 32 \\\ 0.50 9
&) ‘c % — — _Q .
Q < @ 30 [~ . i -
- - 2 = i \‘\ %
20 — E £ 0.40 ° -
© - 3 .
~ g 26 /04>T</ g
100 Ibs - ' <
o L | o] \\
B S 22 _
0 I | | | | — 00 . , , | , , , : 0.20
0 20 40 60 e 0.000 0.020 0.040 0.060 0.080. 0.100 0.120 0.140 0.160
Bending stress at notch, ksi R crack length from notch (visual preliminary) (in)
rce 2 Ve
7o/l P8 ¢ 0/ /PP
r -
e N 9
1
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' Co/n/o//‘w:ce AMeasurtmens of C-22-3DCE SCC Specinen

C22-3

99
L ,ﬁ-eemfk Zén;f% ond Znihal -Laaaza? of DCB Scc Spersens

- Subject: Precrack length and initial loading of SCC DCB specimens
o iance as to crack length - A. 316L Stainless Steel ‘
pre"mlnary Comp"a g 5 T+ The precrack length for 316L. DCB specimens will be .110" +/- .005" (.105"
40 , 0.70 *”"“‘ to .115") and the initial wedge loading will be 400 Ibs with a wedge thickness
i - of .112". This gives a K| value of about 23 ksi-in'?. (see paze pa)*
38 i . B. Alloy C-22
36 : 0.60 - The precrack length for C-22 DCB specimens will be the same as 316L. To
L T achieve a high K; value of 30 ksi-in'?, it requires an initial loading of about
34 = i -'-% —— 510 1bs. ¢see page 990"
"_8‘ 32 = 0.50 . § It is understood that the wedge loading point will be varied as a result of the
5 i . N - difference between the crack mouth opening displacement and the wedge
g 30 S thickness
: -8 L \ . /E/ '-6 .
E S —— : 0.40 £ M . %‘-
~ 5 Zz
6 — =l | € 1/ /98
2 . -y
— )
os P N ——— 0.30 —
i - # 1 Crack / eavm’ = hotdh /ezgrq,AA + /»-em(/,(/fa; AL
20 — = 41028” + 200"
20 i ! 1 L 1 i 1 i 1 1 L 0.20 f’“'— - 2975
0.000 0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200 0.225 0.250 i > o / .
] ’ A 2" o, P
crack length from notch (visual preliminary) (in) : % e Yleld stegK for B((L 5.5 s GhoaT 20 KSi, an
. p ] SO hs,: for Cz22 . Tderctore. Ale. taxmen 2o nd /a@“é? (k=)
V% A Sfor B/6L 5.5 withter @ defornaAbon ts 27 Ksidm Q@,J(yﬁ
ve/35/ 28 — He_cCafes/atrn Hown o faze 25 dﬁ/ew()mwz/haé‘qeg/aaaézy_
] ;Fa)“ C22 r5. 32 s/l
! 7
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SEM Visual

ﬁ,él ec?7le

Measure SCC yazzw/-/{ rare

2164 -]

Front Rear Ave. Front Rear Ave.

S pecime”

i

Precradk /engﬂ, oz’ Cser?) ,/ O, 128" (Vicwas/ )

316L -1

113 121 117 113 112 1125

316L -2

112 .106 .109 112 100 106

C22-1

121 .100 1105 . 116 .100 .108

Load 23 kerdm (2EHPAR)
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I N

Date Le 3/6Lpck) Usrg Lodriew
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Tacr testndedt  P:s? am 11)20/9p Data [ife 36LDCB 1S
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L T

fes 7~ Nestarted 130 p.am 129/ 98 Date lle. 2064 PS8/ C
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C220€8 [ e Commide C’haé»y e /€L DB 2 S Fress Corposion Cf*é'y Ve
0//6 Ve Mearsre SCC  gruwtd prie . i 0/,'6 e NMeasure SCC oy W), ratc
¢ 4 s e O R e ' ‘
Spean€s.  Ci2=] lhat 227763195 Meded by (Rth] Lonples e Specieney 3164 fleaZ LP02%6 rmachined by Here! Ssaatar
frecrack /e”//#/' ouos” (5820 [ 2/%8” ( Virwal) — [eandk [en 0 A4 o.l0e” (serr)/ ool " Cuiswa) )
Lead 20 ts/din (33 %/ Jm) Load 23 4r) T

Solurron

s W?‘,% Na €/

Tt Eniyon menF

| Soludron o wit 3 7 cte
(o829 2 NaC) Lot # P7227# v 2520 g %CA Lot B 2850780 7 2Fp p/ 0
ol s 2,2 Zemp. T=le’c  th Fhermometer O PE-377
Tmy 7= %0°c /7:1 Ahermometer C 26-794. '
Deaerafed _with FF5.999 % N Loten tdoctad ESC 440 #2  Charpre/ #3
B Fetractar EsC F#HOH# 2 CHapne! #2 feference Tl SCE  B-E820-£f SN /06338, 20X/
' | Counter Zlectnde [ Feg
Refergnce FISHER SCE  /3~620-£) SN foPrsos~, $%UNac) ] z
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Tect Restarfed 400 P% /99  Dje File C2208 14 Y SEM o2 =02’z 0./86”
Jest Lessarked f:xfam 31/99 Dot iofe CZN’@/I‘ 7 Crack gt rafs ) yiseal  (0.358) (00:6€) /(1355 x3600) = /. 32x P %
, Jact  sropped 230 fm  3/7/99 Mo eride advawcl obseryed isually B SEN  (016)(000W [ (135 5x3600) = P b9xso ! s
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C22DcB2 Sthess Comsovn Gmekny Tes Crack Zem;f/{ Meacorenents fofer Dzaccendly o, 153/2F
_ L Crack fenyth meacurecd by visudd wetted ycing o Nikon OPTIPHOT ~PoL
0/,?674,1/5 Seasure SCC  BrpwAtd rarC . Ml’onsml.ne a2 Sfea X . TAC tn ' /e/:,a/"{ e / >4 _e;@//ea&«q/e P AL
' ' ; " y ]
Smc/o,e/, C22-2 Mdag - 2277 63/93 M{dl)@/ /,v 0@47/&4%@ . S;Pecmr("/? ANo Cuni'# ./ /n) UUni? [ in) _(____i___
o 0137 (M) [ 0,098 (viseal)
Preraak Lerptl ’ 2/6L5¢8 ) 292/.018 290/. 14 s
o LDck2 . 320 1018/ . oo . 360
Load 30 4o A § Fi6Lrcd2 512/ /
Cc 22 pc8 / 303/ .12 2¢7 /. /2/ L /70
Toct- Gurimert? ] C2:0c8%  age/.np 278/ 008 .l
oL, s
Solvtrorc : _#o wt 2 [ Cle S
200 7 Myl Lot ¥ FLYPo _# 25D w] /A0 | 2. Cmok [earid treasared by SEY with arcfuwerck rufer havirg a
7070. 7= /”/0 °2 /9} THhermomeXer C 96-6/6 T o /é‘?'t‘ﬁ( . The speqnech s ﬂere(é/@r(:,ﬁa»?‘-ﬂ&
JLlotentovsta ESC 40 #2 Chapre/ # ¢ Specimén Mo, Y1 Leng? A (e L _i72)
7
feference FSHER SCE 12620 -5/ s 8/ 22003 205 % . 376 +0cB ) o Ffor 12 umts P04 )« l0& :
Copter Electrode  Pr  Flag 7‘ 3/640¢8 2 2/ 0 ot for [ anct G280hm/ , 298
0 Cz22 28/ ??.”AM;/—A» /2 tup/fe PGzpom/ .08 "
Data ﬁ/e C22DCR 2 "")ﬁf A—:/V/en C22 DcH 2 107 o mm '76,- /3 tmithe 9,p,_f—mm/, Jo7 ”
et qu/‘/v:a( /%0 ph ///’ 2/ 24 3. erc k /e»”;—#/ recult= ?I-Alch a/,‘.ra.r.rem//'é or, Hies/ 9P,
oot ket E:50 Gh V20 /9F Dok file ¢ 23288 24
/25 For vzl ond S&T examinartn .
7;1’} f,‘p";’pe( ? 10 ak / /’f (o7 VZnel 00l S5 €xaming Crack Length (ln)
Ject  Recharted #3320 pm__ 112/98 Dotn Life c22282¢C | 1 —
7; o’ J;"vppu( &30 2”1 3/ %) 98 ﬁi’ l/,_;ga{ ol SEN XAl . | SpﬁClHlCl’l No SEM Visual
Test l’c,n/u—p/u( Fip pn  Shof90  Dytn Fife C22d@2d Front Rear Ave. Front Rear Ave.
Tart Sylo'/’a),a( 2152 pom, e/ /22 ' Jor Vizual andl SEAT exitny na/2m. 316L - 1 106 B B 118 114 116 r
Tect  festirted  [2:25pom 18/ %) Dake Life C2:Dch>€ . NP -~ - - — [
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v/ , |
Test..SHppecl 2330 ph e /9F No_cinc: advane oberved m‘—'wa///(/ C22-2 107 - - 114 108 111 {
Jest fepated  Fiaopm  AN/7)  Date Lile 2200024 |
Ry Yy, P fam 2/,/99 Dete TS 22 DB B Note: 1. The SEM measurements were done on photographs with a reference ruler having a
Toek i A >i30 pPhn 3/9/759 No ok ciane observeA USuald) 4. .01 u.nlt length- ' ‘ . ' ‘ . i
es /)& i : 2. The visual measurements were done using an optical microscope at 100x with a unit i
et Recttrfed gu8pm  2/P7  Dafa File C32Ph?) —1 length of 10 um of the eyepiece scale. "
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C22-7

double cant beam stress formula

/c'/pfo Mo Fs342

k= 30 (ksiin"0.5) SIF
p= 0.521 (kips) load
X= 0.25 (in) front face to load line
h= 0.5 (in) arm height
= 0.375 (in) thickness
bn= 0.224 (in) web (net thickness on side groove)
a= 1.292 (in) crack length
K/P EvB/P(FRONT FACE)
57.53902 164.7363
P/K
0.01738
FOR K---MULTIPLY K/P TIMES LOAD (KIPS) je... 30.0008431 KSIINA0.5
FOR P---MULTIPLY P/K TIMES STRESS (KSI) je... 0.52138535 KIPS

MULTIPLY EVB/P TIMES P AND DEVIDE BY B*MOD TO GET COMPLIANCE (V)

K/P(ksi in"0.5) P(kips) Bend Stress(ksi)
57.53902 25 0.434488 35.92693
30 0.521385 43.11231
35 0.608283 50.2977
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316L-6
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h= 0.5 (in) arm height
= 0.376 (in) thickness
bn= 0.225 (in) web (net thickness on side groove)
a= 1.2749 (in) crack length(1.1659+.109)
K/P EvB/P(FRONT FACE)
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P/K
0.017628
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