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Klc values obtained with standard compact specimens.     Results  show that both 
versions of the C-shaped specimen yield accurate values of measured Kjp. 
Normal  geometric variations, as would be expected from machining of the 
specimen from an existing hollow cylinder, have no significant effect on the 
measured Kjc. 

50 
SECURITY CLASSIFICATION OF THIS P *GE(When Datm Entered) 



SECURITY CLASSIFICATION OF THIS PAGE (When Dmtm Entered) 

REPORT DOCUMENTATION PAGE 
1.    REPORT  NUMBER 

ARLCB-TR-79008 
2.  GOVT  ACCESSION  NO 

4.    TiT\.E (and Subtitle) 

THE EQUIVALENCE OF KIc AMD JIc FRACTURE- 

TOUGHNESS MEASUREMENTS IN NI-CR-MC STEELS 

7. AUTHORC*; 

John H. Underwood 

9.    PERFORMING ORGANIZATION   NAME  AND  ADDRESS 

Benet Weapons Laboratory 
Watervliet Arsenal,  Watervliet,  N.Y.  12189 
DRDAR-LCB-  TL 

II.    CONTROLLING OFFICE NAME  AND  ADDRESS 

US Army Armament Research and Development Command 
Large Caliber Weapon Systems Laboratory 
Dover.   MPW  .IPt^m/    n7P.m ex 

tit 14.    MONITORING AGENCY rfAME 4  ADDRESSf//di«8r«n( from Controlling Office) 

READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

3. RECIPIENT'S CATALOG NUMBER 

5. TYPE OF REPORT & PERIOD COVERED 

6. PERFORMING ORG. REPORT NUMBER 

8. CONTRACT OR GRANT NUMBERfaJ 

10. PROGRAM ELEMENT, PROJECT, TASK 
AREA 4 WORK UNIT NUMBERS 

AMCMS No. 6111C2.H420011 
DA Project No. lLieil02AH42 
PRON No nr.-«-?H7Qi-r.r-_ri7 
12. REPORT DATE 

May 1979 
'3.    NUMBER OF PAGES 

10 
IS.    SECURITY  CLASS,  (of this report) 

UNCLASSIFIED 
15«.    DECLASSIFI CATION/DOWN GRADING 

SCHEDULE 

16.    DISTRIBUTION STATEMENT Co/Mia Report; 

Approved for public release; distribution unlimited. 

17.    DISTRIBUTION STATEMENT (of the abstract entered In Block 10, It different from Report) 

18.    SUPPLEMENTARY NOTES 

Presented at 1977 SESA Spring Meeting,  15-20 May  '77 
Dallas, TX. s» J        . 

Published in Experimental Mechanics, Vol. 18, No. 9, September 1978. 

19.    KEY WORDS (Continue on reverse aide if neceaaary and identify by block number) 

Alloy Steel 
Cannon Tube 
Fracture Toughness 

Test Methods 
Ultrasonic Testing 

20.    ABSTRACT (Continue on r«v«ra« &ide U necmmmmry and identify by block number) 

Several  series of fracture-toughness measurements were made in 4340 type 
steels,  using both the standard Kic test method and the Jic test method 
described by Landes and Begley.    Kic results and Jic results converted to Kir 
units are nearly identical  for a given steel  over a range of specimen size 
The fracture toughness of steels produced by vacuum-degassing, remelt, and 
airmelt processes are compared over a range of yield stress.    Simplified Jic 

DO ,: FORM       •M7, 
AN 73  '473 EDITION OF  I NOV 6S IS OBSOLETE 

31 
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered) 



SECURITY CLASSIFICATION OF THIS PAGECHTian Data Entered) 

Continued from Block 20 
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could be attained with these shortened cycles. However, the shortened cycles 
must be established for a particular component with consideration for material 
variation, especially chemical segregation, which seriously affects trans- 
formation- behavior. Nevertheless, in view of the present and future costs of 
firing heat treat furnaces and the potential increases in production capacity, 
reduced heating times can be highly significant. 
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computed based on the penny shaped crack under arbitrary loading.  The remaining 
life of a mandrel having a semi-circular crack of 0.003 inch is predicted based 
on the most severe loading conditions and using the propagation equation for 
gun steel. 

The effect of the reduction of the inner ciameter of the mandrel on the 
mandrel life is studied.  A four-fold life increase is predicted if the bore 
diameter is reduced from 1.969 to 1.4 inches.  The effect of autofrettage is 
also studied.  The mandrel life can be increased as much as 48 times if the 
mandrel is overstrained 50 percent. 
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verms of finite element discretization, the two-dimensional shape function of 
ipatial and time coordinates is chosen as a product of two one-dimensional 

.■nape functions; each for its respective coordinate and both being ilermitian 
1 olynomiais.  The generalized coordinates are then the displacement, slope, 
velocity and time derivatives of the slope at each node point.  The corre- 
spondence between local and global generalized coordinates is described.  The 
"stiffness matrices" of spatial and time-effect, contributed by the recoil 
force, pressure and curvature induced force and the moving mass of a projectile 
are derived.  ft is interesting to observe that the strong discontinuities 
associated *ith these forces disappear as a result of the smoothing effect of 
integration in spatial as well as in time coordinates.  The present approach 
to deai with the moving support problem efficiently is also pointed out in 
this paper.  Numerical results of a demonstrative problem are presented. 
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mechanism is described which may be responsible for the solid metal induced 
embrittlement. 
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