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APPENDIX 2.0
WHEEL FAILURES FOR 1983 

(LAST QUARTER)



APPENDIX 2.1
WHEEL FAILURES FOR 1984



FAILED WHEEL FILE 1983

STRAIGHT PLATE
RR & DATE NO OH OH B C U
NAHX12213 1 1
CRR02163 1 1
C006303 1 1
PC10043 1 1
C0I1053 1 1
HPT23Q3 1 1
UP11053 1 1
UP12213 1 1
HP 12213 i 1
UP 101283 i 1
MP12293 l 1
HP12193 1 1l
HP12213 l 1
HP02093 l i
SQU05183 l 1
ATSFOl123 1 i

TOTAL 11 5 i0 4 12

CURVED PLATE 
RR & DATE ND OH 
TTX12043 1

0 1

OH

0



FAILED WHEEL FILE •*I984«*
APPENDIX 2.1

REVISED 4/8/05
STRAIGHT PLATE CURVED PLATE
OWNER NUHBER DATE DESIGN NO OH OH B C u OWNER NUHBER DATE DESIGNUP 21758 JAN 1 H-34 1 1 ATSF 297089 FEB 11 CJ-33CO 111143 JAN 9 J-33 1 1 SP 900437 APR 20 CJ-33ACFX 48039 JAN 14 B-3B 1 1 CPNXt 40040B HAY 7 CH-34CNN 753409 JAN 14 H-34 1 1 e RBCS 3134 JUL 1 CH-34§ SP 240041 JAN 19 CH-33 1 1 BN 10143 AUG 13 CA-33SLSF 79402 JAN 19 H-34 1 1 ■ TTX 474299 NDV 5 CJ-330 TIT 473329 JAN 19 J-33 1 1 CNl 482211 NOV 14 CJ-338 CO 74433 JAN 20 J-33 1 1 TTX 153411 NDV 14 CJ-330 HP 711712 JAN 20 J-34 1 1 CP* 54959 DEC 3 ’ CJ-338 HP 7,11712 JAN 20 J-34 1 1 8 TTX 2509B8 DEC 22 CJ-33DRGW 15471 JAN 21 H-34 1 1 XTTX 153144 DEC 30 CJ-338 BN 458578. JAN 22 H-34 1 1ACFX 44077 JAN 23 H-34 1 1

8 IC 41477 JAN 23 H-34 1 1UTLX B0359 JAN 24 H-34 1 18 CNN 753409 JAN 30 H-34 1 1ACFX 89388 JAN 31 H-34 1 1
8 ACFX 48008 FEB 3 . B-3B 1 1

CELXi 23424 FEB 5' H-34 1 1
CELXt . 23424 FEB 5 H-34 1 1
LN 240432 FEB 8 CH-34 1 t
ETIX . 900357 FEB 8 A-28 1 1
UP 71038 FEB 14 H-34 1 1
NW . 44B207 HAR 2 CJ-33 1 1
SBD 432307 HAR 8 H-36 1 1
CR 273244 HAR 9 J-33 1 1
CR 273244 HAR 9 J-33 1 1
ATSF 313143 HAR 13 H-34 1 1
CN* 700487 HAR 14 D-28 1 1
RNFE .9437 HAR 14 J-33 1 1
CODX 48047 APR 24 CH-34 1 1

8 NW • 174990 APR 28 H-34 1 1
CP* 403102 HAY 4 B-34 1 1
ATSF 290045 HAY 9 CH-33 1 1
KCS 5252 HAY 17 K-34 1 1

8 NH 101074 HAY 25 J-33 1 1TTAX 978231 JUN 1 CJ-33 1 1
TTX 115282 JUN 24 J-33 1 1

8 ATSF 422348 JUL 17 CH-34 1 1
TTX 153342 AUG 4 R-33 1 1
CR 73151 AUG B CA-33 1 1
ATSF 700043 AUG 13 A-28 1 1
HP -704003 AUG 14 J-34 1 1

8 ATSF 700045 SEPT 5 D-28 I . 1
ATSF
HP
BCDL*

NO OH OH

■ 213045 SEPT 14 
497040 SEPT 21 
17443 SEPT 2b

J-33
J-36
J-33

8 TTX 159900 OCT 15 H-33 1 1
KCS 957 OCT 17 H-34 1 1

8 SCL ' 5723 OCT 20 A-33 ■ 1 1
§ OTTX 91730 OCT 22 H-33 1 1
8 CELX 905022 OCT 24 CH-34 1 1
8 ATSF 401000 OCT 29 H-34 1 1

SP 515841 NOV 14 8-28 1 1
6 CNA 794750 NOV 14 H-34 1 1
8 , SP 240283 NOV 21 CJ-33 1 1

LG1X 359 NOV 20 H-34 1 1UP 492982 DEC 4 CH-33 1 1TTNX 981744 DEC 5 CJ33 1 1
UP 72887 DEC 5 H-34 1 1DUPX 38424 DEC 4 H-34 1 1
NOKL 99017 DEC 4 CH-34 1 1
TLCX 31818 DEC 18 H-34 1 1
TLCX 31818, DEC 18 H-34 1 1CN* 199319 DEC 19 J-34 1 1TTX 100320 DEC 27 J-33 1 1

NO OH OH B C U
TOTAL 38 28 4 22 40
PERCENT 49.42 34.42 5.52 30.12 54.82

TOTAL NUHBER OF WHEELS 77STRAIGHT PLATE TDTAL... 85.72
NON-DISCOLORED TOTAL... 5B.42

NO OH OH 
7 4

1.11 ’ 5.21
CURVED PLATE TOTAL.

0
0.02
14.32

3
4.12

U
8

11.02
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WHEEL FAILURES FOR 1985 (JANUARY-JUNE)



APPENDIX 2.2

FAILED WHEEL FILE 1985

STRAIGHT PLATE
OWNER

TLCI
NUMBER BATE 
35042 JAN 1

DESIGN
H-36

NO OH OH
CURVED PLATE 
OWNER NUMBER DATE DESI6N NO OH OH

TTI 601512 JAN 7 J-33 1 1 NH 169032 JAN 10 CJ-36 1NOLL 99130 JAN 9 CH-36 1 1 TTI 473122 FEB 6 CJ-33 IMOGIt 75029 JAN 11 H-36 1 1 SOU 34205 FEB 8 CJ-33 1
NAHI* 475537 JAN 11 H-36 1 I HP 64738 FEB 24 CJ-33 1
MMID 1256 JAN 19 J-33 1 1 BO 73362 MAR 28 CJ-33 1
m 101395 JAN 19 CH-33 1 1 UPFE 457553 APR 1 CJ-33 1
NAHI 4B7055 JAN 20 H-36 1 1 LC 215 APRIL 7 CJ-33
FlTMX 8505 JAN 20 H-36 1 1 TTI ’ 156557 APR 14 CJ-33 1
MP 711600 JAN 20 J-36 1 1 ON 138136 APR 15 CJ-33 1
HP 7116B0 JAN 20 J-36 1 1 TTHI 972808 MAY CH-33 1
UP 73297 JAN 20 H-36 1 1 KCS 966 MAY 30 CJ-36
CNN 135003 JAN 20 H-36 1 1
TLCI 35042 JAN 25 H-36 1 1 ’
NH 139678 JAN 26 J-35 1 1
ATSF 313072 JAN 21 CH-36 1 1
BN 526201 JAN 30 CH-36 1 1
BNFE 9505 JAN 30 J-33 1 1
TTWI 922090 JAN 31 J-33 1 1
MP 822173 FEB 3 J-36 1 1
m '252108 FEB 4 CJ-33 1 1
ITRI . 75942 FEB 4 H-36 1 1
SLSF . 79711 FEB 4 H-36 1 1
CNN 173204 FEB 7 CH-36 1 1
BN 460014 FEB 9 H-36 1 1
UP 81527 FEB 9 CH-36 1 ' 1
TT6I 911731 FEB 10 N-33 1 1
HP .65482 FEB 12 J-33 1 1
MP 838183 FEB 23 J-33 1 1
UTL1 . 5856B FEB 25 H-36 1 1
MP 711271 FEB 27 CH-36 1 1
TTWI 982224 MAR 2 J-33 1
BN 446780 MAR 9 H-36 1 1
PTU 17973 MAR 9 CH-36 1 l
BLE 90747 MAR 20 0-33 1 1
HRS 2021 APRIL 12 H-36 1 1
GTN 597540 MAY 15 CJ-33 1 1
SP 694260 JUNE 17 J-33 1 1

NO OH OH D C U NO OH OH B C U

TOTAL 21 17 ,1 4 32 9- .2 0 . 1 9PERCENT 42.92 34.72 5,02 66.72 69.62 18.42 4.12 0.02 2.12 19.12TOTAL NUMBER OF WHEELS 49
STRAIGHT PLATE TOTAL... 77.62 CURVED PLATE TOTAL......  22.42
N0N-D1SC0L0RED TOTAL... 61.22

* CANADIAN DERAILMENT
UNIDENTIFIABLE
CGTX 29062 JAN 8 J-33

ji'
iin̂

lif
'iV

i'A



APPENDIX 3.1

DESCRIPTION OF VAX-11 DATATRIEVE DATA MANAGEMENT FACILITY



APPENDIX 3.i

VAX-11 DATATRIEVE is a multi-faceted data management facility that can store, 

update, and retrieve information and generate reports. DATATRIEVE is a product 

of Digital Equipment Corporation (DEC) and is designed to be used on DEC computer 

systems in conjunction with other DEC software products.

DATATRIEVE can be used interactively from a terminal or called from an^applica­

tion program. Data can be accessed in VAX-11 RMS (Record Management system) and 

VAX-11 DBMS (Database Management System) database structures. It features inte­

grated editing and graphic output facilities and it supports the forms management 

facility of VAX-11 TDMS (Terminal Data Management System).

The DATATRIEVE facility also provides a distributed data access capability using 

DECnet-VAX communications software. This capability makes it possible to use 

DATATRIEVE to retrieve data on remote VAX systems, just as if the data were 

stored locally. A single DATATRIEVE command is capable of accessing data from 

RMS or DBMS local or remote, simply depending on its definition in the VAX-ll ODD 

(Common Data Dictionary).

Implementing a DATATRIEVE application is a two-phase process. In the first, and 

more complex, phase the appropriate statements are used to define all data that 

will be accessed by the application. This need be done only once to establish 

the foundation on which to build the application. In the second phase DATATRIEVE 

statements are used to process the data associated with these definitions.



DATATRIEVE allows store data to be retrieved in an easily understood form regard­

less of underlying data structure (RMS or DBMS) or location (local or remote via 

DECnet). The data retrieval statements of DATATRIEVE are simple, and particular­

ly powerful statements with English-like syntax. Ad Hoc information retrieval 

with it is normally performed as an interactive process using a series of 

statements to progressively narrow-down the group of records to be retrieved.

DATATRIEVE allows domains to be defined that can subset the fields of a record 

and can span multiple RMS or DBMS record types. These are called view domains 

because they provide a user's logical view of the data. View domains can also be 

used with RMS files for domains containing records related in a hierarchical 

fashion.

Third party vendors have recently announced software products that interface with 

DATATRIEVE. One such vendor is SPSS INC., while another is ISSCO INC. The for­

mer released a new version of SPSSX2 (Statistical Package for the Social Sci­

ences) to be used with DATATRIEVE. The latter released new versions of TELAGRAPH 

and TELAPLAN (generalized graphic and planning software) to be used with DATA­

TRIEVE.

Currently, the VAX-11/780 at the TTC supports all of the software mentioned, with 

the one exception of DBMS.



APPENDIX 3.2

ANNOTATED BIBLIOGRAPHY 
(Sorted by File Number)



FILE PRINTED BY FILE NUMBER

AUTHOR
ROBERT MARION KIPP, PH. D.

TITLE
INVESTIGATIONS OF CRACK GROWTH IN RAILROAD CAR WHEELS CAUSED 
BY THERMALLY INDUCED RESIDUAL STRESS CHG. & CYC. MEC. LOAD

KEY WORDS
FINITE ELEMENT SIMULATIONS, TASK 10, 33" CURVED PLATE, CLASS U, STRESS 
ANALYSIS, LABORATORY SIMUALTIONS, TASK S, CRACK PROPAGATION.

F I L E  N U M B E R  1 0 0 3 7 9 *  D A T E  0 0  7 8

WHEEL STRESSi THERMAL STRESS; CRACK PROPAGATION, WHEEL WEAR LOADING, 
METALLURGY

SYNOPSIS
A PSEUDO-ELASTIC FINITE ELEMENT SIMULATION OF DRAG BRAKING CYCLES PREDICTS 
DEVELOPMENT OF RESIDUAL STRESS AND CRACK STRESS INTENSITY. BUT NOT SEVERE ENOUGH 
TO PREDICT THE DEGREE OF CRACK GROWTH IN DYNAMOMETER TESTS OR ESPECIALLY IN 
SERVICE. POSSIBLE INTERACTION OF HOT THERMAL STRESSES AND RAIL LOAD STRESSES 
CITED AS CAUSE FOR DISCREPANCY

*******************************************************************************

FILE PRINTED BY FILE NUMBER

FILE NUMBER 100542/60* DATE 00 SEP 82

V. ARONOV *<
AUTHOR

M. RONS

SECOND INTL.
TITLE

HEAVY HAUL CONF. "THE WEAR MECHANISM OF THE
RAILROAD WHEEL STEEL IN THE FREE ROLLING & BRAKING COND. 

KEY WORDS
FATIGUE MODEL, TASK 10

WEAR MECHANISMS, MICROSLIP. CONTACT AREA, ADHESION AREA, FRICTION 
COEFFICIENT, TRANSITION FROM ONE WEAR MECHANISM TO ANOTHER

SYNOPSIS
EXPERIMENTAL INVESTIGATION OF WHEEL STEELS ON A SMALL SCALE WEAR RIG; A 
REFERENCE PAPER FOR SHELLING & WEAR MECHANISMS

*******************************************************************************



28-S^p-i9B4Page 3
FILE PRINTED BY FILE NUMBER

f  .. F I L E  NUMBER 100542/ 61*

# A. J .  O P IN S K Y
AU TH O R

D A T E  00 SEP 82

T I T L E
f  SECOND IN T L . HEAVY HAUL CONF. "R AILR O AD  WHEEL BACK RIM FA CE

F A IL U R E S : DATA AND A N A L Y S IS "

r
F A IL U R E  MODEL, TASK 10

KEY WORDS

BACK RIM  FACE F A IL U R E  (B R F F ) ,  CRACK I N I T I A T I O N  & PROROGATION, PROROGATION  
R A TE, STR ESS IN T E N S IT Y  FACTOR, SHAPE FA CTO R , F A IL U R E  I N I T I A T E D  A T  RIM  

f  STAM PING (R S )

S Y N O P S IS
f .  A CASE STUD Y OF F A IL U R E  REPORTS FROM TWO R A ILR O A D S; FRACTURE M ECHANICS APPROACH

FOR TH E F A IL U R E  EV A LU A TIO N

t
*****#*******#**#************#*******•*■*•*■**■■***•*■**•■*****•******■*■*****•*■**••»■«■*■*■■**■****'■*

c

c

c

I

I

i

l

i

t

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 100542/62* D A TE 00  SEP 82

AUTHOR
R. D. F IN C H  & W. E.  THOMFORD

T I T L E
SECOND IN T L . HEAVY HAUL CONF "D E S IG N  FEA TU R ES  FOR OPERA­
T IO N A L  A C O U S TIC  S IG N A TU R E  IN S P E C TIO N  OF RAILR OAD  WHEELS"

KEY WORDS
NED, TASK  14

A C O U S TIC  SIG N ATUR E METHOD, D E F E C T IV E  WHEELS, F A LS E  ALARMS, T IM E  DOMAIN  
A N A LY S IS

S Y N O P S IS
A BACKGROUND PAPER FOR A P R A C TIC A L  O P ER A TIO N A L SYSTEM  OF A C O U S TIC  S IG N A TU R E  
IN S P E C TIO N  OF D E F E C TIV E  WHEELS

**•*****«■«**-* **#***«#*«*****»«*«««***»**»**'»'»«*****«« «•*•*•*•**•»**•***•*•»**•*********•**
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Page 3

F I L E  P R IN T E D  B Y  F I L E  NUMBER

F I L E  NUMBER 100542/ 71* D A T E  OO SEP 82

AUTHOR
D. G. B L A IN E

f

t

T I T L E
SENCOND IN T L . HEAVY HAUL CONF. " E F F E C T  OF BRAKE EQUIPM ENT  
UPON C A P A B IL IT Y  AND R O LLIN G  STOCK FOR HEAVY HAUL ROUTES"

KEY UIQRDS
T T C  TRACK T E S T S , TASK S 5, 6 , 7 , & 8

BRAKE EQUIPM ENT BRAKING R A T IO , BRAKE P IP E , S TO P P IN G  AND GRADE HANDLING  
A B I L I T Y ,  T R A IN  LEN G TH , T R A IN  SP ACIN G

S Y N D P S IS
EX C E LLE N T REFERENCE M A TE R IA L FOR T R A IN  O P ER TA IO N , AAR & U IC  BRAKES, GRADE 
BRAKING, ENERGY ABSO RPTIO N  & D IS S IP A T IO N

« *******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

%  F I L E  NUMBER 100545* D A TE 0 0  78

AUTHOR
<£ P. S TA N LE Y , A P P LIE D  S C IE N C E  P U B LIS H ER S  L TD

T I T L E
£  - N O N -LIN E A R  PROBLEMS IN  S TR E S S  A N A L Y S IS

%  KEY WORDS
M A TER IA L P R O P ER TIES , TA S K  3 , F I N I T E  ELEM ENT S IM U L A TIO N S

i ----------------------------------— -----------------------------------
STR ES S  A N A L Y S IS ; C R A C K -T IP  DEFO RM ATION ; P L A S T IC IT Y  C Y C L IN G ; CREEP CO LLAPSE; 
B IA X IA L  P L A S T IC  FLOW; THERMAL R A TC H E TIN G

i
S Y N O P S IS

< SOME OF TH E  PAPERS C O N TA IN ED  IN  T H IS  BOOK T R E A T  M A TE R IA L AND S TR E S S  A N A L Y S IS
N O N -L IN E A R IT IE S  A S S O C IA TE D  W ITH  E L E V A TE D  TEM PERATURE CREEP AND C Y C L IC  P L A S T IC IT Y  
T H A T  MAY HAVE GENERAL A P P L IC A B IL IT Y  TO  TH E  A N A L Y S IS  OF S TR E S S  CHANGES AND 

l  CRACKING OF WHEELS

*******************************************************************************



FILE PRINTED BY FILE NUMBER
FILE NUMBER 100600* - DATE 00 SEP 75

AUTHOR
TH E A IR  BRAKE A S S O C IA TIO N  

T I T L E
EN G IN EER IN G  AND D ES IG N  OF RAILW AY BRAKE SYSTEM S

KEY WORDS
T TC  TRACK T E S T S  & T E S T IN G  ON RDU, TASK S 4, 5. 6 , 7 , & 8

A IR  BRAKE EQ UIPM ENT, A UTO M A TIC  A IR B R A KE, SLACK A D JUS ER , BRAKE HEAD, BRAKE 
P IP E , BRAKING R A T IO , BRAKE C Y LIN D E R , RETA R D IN G  FORCE, P R A C TIC A L  ADHESION  
LEVELS

SYN O P S IS
AN EX CELLEN T PRIMER ON T R A IN  BRAKE SYSTEM  D E S IG N , F R E IG H T  BRAKE SYSTEM S AND 
P R IN C IP L E S  OF R IG G IN G  D ESIG N

*****•■& ************* *************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 200002* D A TE 0 0  SEP 72

AUTHOR
AAR, RESEARCH & T E S T , CHICAGO

T I T L E
INSTRUM ENTED WHEELS FOR MEASUREMENT OF V E R T IC A L  AND LA TE R A L  
WHEEL FORCES

KEY WORDS
PRELIM INARY TRACK T E S T IN G . TASK  T 5

WHEELSi MEASUREMENT OF FORCES; INSTRUM ENTED WHEELS; TRUCK C A L IB R A T IO N ; 
S TR A IN  OUTPUT FOR GAGES; WHEEL TEM PERATURE/FORCES

S Y N O P S IS
A BACKGROUND PAPER FOR IN STR U M EN TATED  W H EELSETS; C A L IB R A T IO N  PROCEDURES;

•tf********************************************************.*****************-*****



f

f

t

f

P I L E  NUMBER 200028*

28-Sep-19B4
Page 5

F I L E  P R IN T E D  B Y  F I L E  NUMBER

D A T E  00 NOV 66

. .. A U TH O R  ■
IGOR L. P A U L & R A N G A N A TH  N A YA K

T I T L E
STR ESS AND S TR A IN  IN  R O LLIN G  B O D IE S  IN  CO N TA CT

I KEY WORDS
TREAD CO N TACT S TR ES S ; TASK 10

STR ESS & S TR A IN  A T  CONTACT REGION  OF R O L L IN G  S H EEL; WHEEL W ITH  NORMAL, L A T ­
ERAL & TA N G E N TIA L  LOADS

S Y N O P S IS
f  COMPUTER S O LU TIO N  OF TWO SPHERES OF S IM IL A R  M A TE IR A L R O LLIN G  ON EACH OTHER.

R ES U LTS  NEED TO BE EXTENDED TO  TH E  CASE OF WHEEL R O LLIN G  ON R A IL

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

0  F I L E  NUMBER 2 0 0 1 9 0 *  D A TE 18 NOV 69

AUTHOR
£  G. R. WEAVER, P. A. A R C H IB A LD . E. B. BRENNEMAN

T I T L E
.<§ IN V E S T IG A T IO N  O F TH E  THERMAL C A P A C ITY  OF RAILR OAD  WHEELS

U S IN G  COBRA BRAKE SHOES

C - KEY WORDS
LABORATORY S IM U L A TIO N  (F U L L  S CA LE DYNAMOMETER BRAKING W ITH  COBRA BRAKE 
SHOES & C A ST M ETAL BRAKE SH O ES) R E S ID U A L  S TR E S S , TASK S 6  & 7 ,

I ------ ------------- ------ ------------- ------------- — -------
36 INCH CR WHEELS. TREAD CRACKS. EMERGENCY STOP T E S T S

i
S Y N O P S IS

f  O B JE C T IV E  EV A LU A TIO N  OF 36  IN CH  CR WHEELS BRAKED W ITH  COBRA SHOES AND C A S T METAL
SHOES, WHEEL TREAD CO N D ITQ N S. M ACROSTRUCTURE OF RIM , - R E S ID U A L S TR E S S  PA TTER N S

c

^ *******************************************************************************

(
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FILE PRINTED BY FILE NUMBER
FILE NUMBER 200222* • DATE 00 00

AUTHOR
H IR O S H I TADA, PAUL C. P A R IS  & GEORGE R. IR W IN

T I T L E
STR ESS A N A LY S IS  OF CRACKS HANDBOOK

CRACK PROROGATION, TASK 8,
KEY WORDS

STR ESS A N A LY S IS  ON CRACK PROBLEMS; FRACTURE M ECHANICS CO R R ELA TIO N  PARAMETER 
COMPLIANCE C A L IB R A TIO N  A N A L Y S IS ; F U N C TIO N  A N A L Y S IS , P L A S T I C I T Y  A N A L Y S IS ; 
M A TER IA LS S CIEN CE

S Y N O P S IS
CDMPREHENISVE SOURCE OF FORMULAS AND S TR E S S  A N A L Y S IS  IN FO R M TAIO N  ON CRACK PRORO­
G A TIO N  THROUGH FRACTURE M ECHANICS CO R R ELA TIO N  PARAMETERS AND CURRENT FRACTURE  
C R IT E R IA . CLOSED FORM AND NUM ERICAL S O LU TIO N S .

************* ****#•***■**■■*■**-*■*•#■*■***•**■«•■*****#***•***•******■**■**** *****•*«•#■***********

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 2 0 0 2 5 6 / 1 -2 *  D A TE  0 0  O CT 78

AUTHOR
A. S. BABB, D. S. H O D D IN O TT, D. J .  NAYLOR

T I T L E
S IX T H  IN T L . W HEELSET CONGRESS, "W H EELSET RESEARCH Sc DEVELOP­
MENT IN  TH E  B R IT IS H  S T E E L  CO RPORATION"

KEY WORDS
F I N I T E  ELEMENT A N A L Y S IS , R E S ID U A L S TR E S S E S , M A TE R IA L  P R O P E R TIE S , TAS K S  10, 
6 Sc 3

36 IN . WROUGHT WHEELS, WHEEL D E S IG N S , M ECHANICAL STR U C TU R A L LOADS, 
M ETALURGICAL S T U D IE S . THERMAL CR ACKIN G  BEHAVIOR

S Y N O P S IS
F I N I T E  ELEM ENT A N A L Y S IS  OF TWO 36  IN CH  WHEELS SHOWS LOWER S TR E S S ES  IN  DOUBLE 
CURVED P L A TE  WHEELS THAN IN  S T R A IG H T  P L A TE  WHEELS. R E S ID U A L  S TR E S S  D ETER M IN A TIO N  
OF S E R V IC E  WHEELS. THERMAL CRACKING BEH AVIO R OF WHEEL S T E E L S  IN  LABORATORY.

*«**••******••*****-»****#•********#***»«««**«***«'*««'****«•««***•*•*«****«#***««
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AUTHOR
L. BRAZZODURO, P. BROZZO, R. D E M A R TIN I,

T I T L E
6TH  IN T L  W HEELSET CONS. " F IN A L  R E S U LTS  OF TH E  RESEARCH WORK 
ON A NEW S O L ID  WHEEL A P T TO  MOST SEVERE OPER. COND.

KEY WORDS
M A fER IA L  PR O P ER TIES , TASK  3 , U I C -R / 2  AND R /6  S T E E L

( I T A L I A N  P R A C TIC E ) THERMAL CRACKING T E S T S , DRAG & STOP BRAKING T E S T S

20—Sep-1984
Page 7

FILE PRINTED BY FILE NUMBER
FILE NUMBER 200256/1-4* DATE 00 OCT 78

S Y N O P S IS
THERMAL CRACKING T E S T S , DRAG AND STOP BRAKING T E S T S  ( U I C -R / 6  & 5 CR W HEELS) 
WERE PERFORMED TO  IN V E S T IG A T E  R E S IS TA N C E  T O  REPEATED  THERM AL LOADING.

- # *«*#«#«##**#«««**#«**««***«*«*«*********»*e*»***»»»*'»***'ii-****fi‘***tt******'*******

F I L E  P R IN TE D  BY F I L E  NUMBER

m

«

m

*

&

<

t

F I L E  NUMBER 2 0 0 2 5 6 / 2 -3 * D A TE  0 0  O CT 78

AUTHOR
M. R. JOHNSON

T I T L E
S IX T H  IN T L . W HEELSET CONGRESS, "P R E D IC TE D  AND MEASURED WHEEL 
S TR A IN S  R E S U L TIN G  FROM PROLONGED DRAG B R A KIN G "

KEY WORDS
F I N I T E  ELEM ENT S IM U L A TIO N , S E R V IC E  E V A L U A TIO N , TA S K  5 & 10i J 3 6  WHEEL 
(WROUGHT S T E E L ) CLASS U

NONLINEAR F I N I T E  A N A L Y S IS , F U L L  S CA LE TRACK T E S T IN G S , P R E D IC TIO N  & MEASURE­
MENT OF WHEEL S TR A IN S . R E S ID U A L  S TR E S S  MEASUREMENT

S Y N O P S IS
BOTH T E S T  D A TA  AND COMPUTER A N A L Y S IS  SHOW T H A T  TH E  WHEEL S T R A IN S  ACCOMPANYING  
PROLONGED DRAG BRAKING MAY EXCEED Y IE L D  P O IN T  S TR A IN S

******«**#*«**#«****«***«»*•#***««»**««***««««««**««**#«•#**«.**«.««•****»*»«***«

<
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. AUTHOR
K. N IS H IO K A , B. N ISH IM UR A, K. KIRAKAWA,

T I T L E
S IX T H  IN T L . W HEELSET CONGRESS, “FR ACTUR E MECHANICS APPROACH 
TO THE STRENG TH  OF W HEELSETS"

KEY WORDS
EXPERIM ENTAL A N A LY S IS  BASED ON LIN EA R  FR ACTUR E M ECHANICS, TASK 10, 4 TY P E S  
OF WHEEL S TE E L S , (JA P A N E S E  P R A C TIC E S )

FILE PRINTED BY FILE NUMBER
FILE NUMBER 20G256/2-4* DATE 00 OCT 78

FRACTURE MECH. STR ESS IN T E N S IT Y  FA CTO R , R E S ID . S TR E S S ES , FRACTURE TOUGHNESS  
F A TIG U E  CRACK GROWTH PROP. OF WHEEL M ATL. , C R IT I C A L  COND. FOR CRACK GROWTH

SYN O P S IS
FRACTURE MECHANICS APPROACH IS  CONDUCTED IN  B R IT T L E  TY P E  RIM  FRACTURE. C R IT I C A L  
C O N D ITIO N S  FOR CRACK GROWTH AND F IN A L  F A IL U R E  ARE EV ALUTRED  BY EXPER IM EN TAL  
A N A L Y S IS  BASED ON LIN EA R  FR ACTUR E M ECHANICS

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 2 0 0 2 5 6 / 3 -3 * D A TE  00  O CT 7B

M. F. HENGEL
AUTHOR

T I T L E
S IX T H  IN T L . W HEELSET CONGRESS, "F R E IG H T  CAR WHEEL PERFORM 
ANCE"

KEY WORDS
S E R V IC E  EV A LU A TIO N , TASK 1. A L L  TY P E S  O F WHEEL S IZ E S  & RIM  TY P ES ,

PERFORMANCE OF F R E IG H T CAR WHEELS, AAR WHY MADE CODE

S Y N O P S IS
OVERALL P IC TU R E  OF F R E IG H T  CAR WHEEL PERFORMANCE IN  U. S. 
FOR D E F E C TIV E  WHEELS FROM S E R V IC E ; FLAN G E WEAR AS AN AREA

REMOVAL G U ID E L IN E S  
OF CONCERN

-r̂ *****************************************************************************



'f i l e  NUMBER 2 0 0 2 5 6 / 3 -5 *  D A TE 00  OCT 78

AUTHOR
D. G. B L A IN E . F . J .  G REJD A, & J .  C, KAHR

T I T L E
S IX T H  IN T L  W HEELSET CONG. "O P ER A TIO N  ENVIRONM ENT FOR NORTH 
AMERICAN F R E IG H T  T R A IN  WHEELS DURING SPEED & SLACK CON. BRAK

KEY WORDS
S E R V IC E  EV A LU A TIO N . T R A IN  BRAKE A P P L IC A T IO N  P R A C TIC E S  IN  U. S. TASK S 5 8t 6,

FILE PRINTED BY FILE NUMBER

T R A IN  BRAKE A P P L IC A TIO N S . N E T BR AKING R A T IO S , CO M P O S ITIO N  BRAKE SHOES. 
T R A IN  SLACK, A C C E LE R A TIO N , BHP/CAR WHEELS

S Y N O P S IS
D IS C U S S IO N  OF BRAKE A P P L IC A T IO N  P R A C f lC E  IN  U. S . i  SU G G ES TIO N S  FOR O P T IM IZ IN G  
T R A C T IV E  EFFO R T, FU EL SA VIN G S AND BRAKE SHOE WEAR

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 200766* D A TE  0 0  NOV 80

AUTHOR
I .  KALEV, (N A SA  CONTRACTOR R EPO R T)

T I T L E
A COMPUTER PROGRAM FOR C Y C L IC  P L A S T IC IT Y  AND STR U CTU R A L  
F A T IG U E  A N A L Y S IS

KEY WORDS
F I N I T E  ELEM ENT S IM U L A TIO N , TA S K  10

C Y C L IC  P L A S T IC IT Y ,  CRACK I N I T I A T I O N ,  CRACK GROWTH, C U M U LA TIV E  DAMAGE 
C R IT E R IA , F A T IG U E  A N A L Y S IS . C Y C L IC  LOADS. E L A S T O P L A S T IC IT Y , M ETAL F A T IG U E .  
STRUCTURAL A N A LY S IS

S Y N O P S IS
COMPUTER PROGRAM FOR SMALL STR U C TU R A L COMPONENTS, C Y C L IC  P L A S T I C I T Y  RESPONSE, 
P R E D IC TIO N  OF L I F E  TO  CRACK I N I T I A T I O N  & CRACK GROWTH R A TE

*******************************************************************************
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FILE PRINTED BY FILE NUMBER

FILE NUMBER - 200778* DATE 00 NOV 80
AUTHOR.

R. D. F IN C H

T I T L E
T E S T  REPORT FOR TH E  CRACKER P L A TE  D ETECTO R T E S T S  (S E R IE S  I )

c

f

f

e

c

€

€

C

f

€

f

KEY WORDS
TASK 14, NDE TECH N IQ UES

S Y N O P S IS
EV A LU A TIO N  OF A C O U S TIC  S IG N A TU R E IN S P E C T IO N  SYSTEM  FOR D E T E C T IO N  OF FLAWS IN  
RAILROAD WHEELS DURING A S E R IE S  OF T E S T S  CONDUCTED A T  PUEBLO

•*******************************.*************************** *********************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 2 0 0784* D A TE 00  DEC B1

AUTHOR
M. R. JOHNSON Sc R. R. ROBINSON

T I T L E
IMPROVED S A F E TY  OF R A ILR O A D  CAR WHEELS

KEY WORDS

c

i

i

i

i

WHEEL F A IL U R E S . THERMAL CRACKS. S A F E T Y

S Y N O P S IS
A GENERIC BACKGROUND PAPER (R E P O R T) ON FA CTO R S WHICH LEAD TO  RATLROD WHEEL 
F A IL U R E S

tt******************************************************************************



AUTHOR
S. TANAKA & K. HATSUNO, (E T .  AL. )

T I T L E
F IF T H  IN TE R N A TIO N A L  W HEELSET CONGRESS, VOL. 2

FILE PRINTED BY FILE NUMBER
,FILE NUMBER 201047* DATE 00 OCT 75

KEY WORDS

W H EEL/R AILi AXLES, LOAD F A T IG U E ; BEAR IN G S & SPEED; H E A T R E F IN IN G ; 
IN S E P C TIO N  & M AINTENANCE; ECONOMICS

GENERAL BACKGROUND REFERENCE
S Y N O P S IS

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 2 0 1 0 4 8 * D A TE  0 0  OCT 75

AUTHOR
H. TO YO TA , K. K A S A I (E T .  AL. )

T I T L E
F IF T H  IN TE R N A TIO N A L  W HEELSET CONGRESS. VOL. 1

KEY WORDS

W H EEL/R A IL; SHINKANSEN T R A IN  8c B O G IE ; SPEEDS, A XLE LOADS, WHEELS, ADHESION; 
S L ID IN G  BLOCKS ON TREAD S, WHEEL N O IS E . R E S IL IE N T  WHEELS; F R IC T IO N  8c WEAR. 
WHEEL M ETALLURGY, R E S ID U A L S TR E S S . WHEEL D ES IG N S

S Y N O P S IS
GENERAL BACKGROUND REFERENCE

**#***#*#**»****»**»e****#*#****»«**»*#*a***»**«#*********a«a***«****«««*«*«**a
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FILE PRINTED BY FILE NUMBER
- ' I l E NUMBER , 201049* D A T E  00 O C T  70

AUTHOR
H. TO YO TA , K. KASAI (E T .  AL. ?

T I T L E
F IF T H  IN TE R N A TIO N A L  W HEELSET CONGRESS, VOL. 3

KEY WORDS

f
W H EEL/R A IL; SUPPLEMENT TO  VOL. 1 & 2 ; D IS C U S S IO N , A D D IT IO N S , SUMMARY TO  
PR EVIO US PAPERS

S Y N O P S IS
f  GENREAL BACKGROUND REFERENCE

#  

f 

t

f  F I L E  NUMBER 201050*

t

I

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

D A TE  0 0  JU L  69

AUTHOR
T . SUGIYAMA , K. N IS H ID K A . (E T .  A L . )

T I T L E
TH IR D  IN TE R N A TIO N A L  W HEELSET CONFERENCE

€

l

4

i

KEY WORDS

W H EEL/R A IL; T E S T IN G ; R E S IL IE N C Y ; C A S T S T E E L ; THERMAL CRACKING; R E S ID U A L  
STR ESS; METALLURGY

SYN O P S IS
GENERAL BACKGROUND REFERENCE

l *#**«**«««»»»»«'«*«*«*«•*«»#*****«'*««««**»«*«««»*«»*****«•*•****••*****&***«««*•



(

(

(

f

f

€

t

f

C

«

•

m

m

m-

m

%

i

t

t

L

28-Sep-1984Page 13
F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 201098* D A TE 00  JUN  50

AUTHOR
H. R. WETENKAMP, 0. M. S ID EB O TTO M , H. J .  SCHRADER

T I T L E
. TH E  E F F E C T  OF BRAKE SHOE A C TIO N  ON THERMAL CR ACKIN G  AND ON 

F A IL U R E  OF WROUGHT S T E E L  RAILW AY CAR WHEELS

KEY WORDS
BRAKE DYNAMOMETER T E S T IN G , TA S K S  4, 6 , & 8

LABORATORY T E S T S , STOP BRAKING, DRAG BR A KIN G , WROUGHT S T E E L  WHEELS, THERMAL  
CRACKS. R ES ID U A L S TR ES S ES . FR ACTUR E, CARBON C O N TEN T. H EAT TR EA TM EN T, WHEEL 
D ESIG N

S Y N O P S IS
WROUGHT S T E E L  WHEELS S U B JE C TED  TO  A S E R IE S  OF LABORATORY T E S T S  SUCH AS STOP  
BRAKING & DRAG BRAKINGi STUD Y OF E F F E C T  O F CARBON C O N TEN T. H E A T TR EA TM EN T, 
WHEEL D ESIG N

F I L E  NUMBER 2 0 1 1 0 9 *

S. C. ANAND

F I L E  P R IN TE D  BY F I L E  NUMBER

D A TE 00  DEC 76

AUTHOR

T I T L E
SHAKEDOWN LOADS IN  R O LLIN G  D IS K S , C Y LIN D ER S  AND SPHERES

WHEEL S H E LLIN G
KEY WORDS

STR ESS A N A L Y S IS ; F I N I T E  ELEM EN TS; P L A S T IC  S T R E S S -S T R A IN  R E L A TIO N S ; 
SUBSTRUCTURIN G  UNLOADING C R IT E R IA ; E L A S T I C -P L A S T IC

USEFUL PAPER FOR WHEEL SHELLING SYNOPSIS
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 300074* DATE. 09 SEP 72
AUTHORN. A. BERG St R. H. ALBER 

T I T L E
TREAD BRAKING VERSUS TH E  WHEEL

KEY WORDS

WHEEL TREAD PROBLEMS, S H E LL IN G  PHENOMENA, WHEEL S TR E S S ES , S P A L L IN G , THERMAL 
LOAD DAMAGE TO WHEELS, BRAKING

S Y N O P S IS
E X C E LLE N T PRIMER ON WHEEL THERMAL F A IL U R E

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 300082* D A TE 0 0  SEP 70

AUTHOR
N. A. BERG & W. J .  KUCERA 

T I T L E
“ A REVIEW  OF THERMAL DAMAGE IN  RAILR OAD WHEELS"

KEY WORDS

BRAKING, THERMAL DAMAGE TO  RAILR OAD WHEELS. AD H ESIO N . WHEEL FU N C TIO N S ; 
STRESS ON WHEEL P L A TE  AND RIM , THERMAL F A T IG U E  CRACKS, S H E L L IN G  OF WHEELS,

S Y N O P S IS
PRIMER ON WHEEL THERMAL DAMAGE

«'*'*«*«*•*•**•**««*«*«*««'**»****««****#*'»***•'*****##« #*###*•*■#■«***•*•*•****•»***•**#*#



f

f
c
f

f
c

•

t

2 8 —S ep— 1984  
Page 15

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 300082* D A TE 00. SEP 70

AUTHOR
N. A. BERG St W. U. KUCERA

T I T L E
"A  REVIEW  OF THERMAL DAMAGE IN  RAILROAD WHEELS"

KEY WORDS

BRAKING. THERMAL DAMAGE TO R A ILR O A D  W HEELS, ADHESIO N, WHEEL FU N C TIO N S ; 
STRESS ON WHEEL P L A TE  AND RIM

S Y N O P S IS
PRIMER ON WHEEL THERMAL DAMAGE
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i
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F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0146* D A TE  0 0 75

AUTHOR
H. MURO, T .  TS U S H IM A , M. NAGAFUCHI

T I T L E
" I N I T I A T I O N  AND PROPAGATION  OF SURFACE CRACKS IN  R O LLIN G  
F A T IG U E  OF H IG H  HARDNESS S T E E L

KEY WORDS

CRACK PROPAGATION; F A T IG U E  A N A L Y S IS ; M ETALLURG Y; S T E E L S ; WEAR

SYNOPSISAPPLICABLE TO SHELLING FAILURES

(



I L F  NUMBER 300146* D A T E  00 75

■ AUTHOR
H, MURO, T . TSU SH IM A, M. NAGAFUCHI 

T I T L E
" I N I T I A T I O N  AND PROPAGATION OF SURFACE CRACKS IN  R O LLIN G  
F A TIG U E  OF H IG H  HARDNESS S T E E L

KEY WORDS

28~Sep-1934Page 16
FILE PRINTED BY FILE NUMBER

c

f

f

t

i
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m

€

t

1

t

t

CRACK PROPAGATION; F A T IG U E  A N A L Y S IS ; M ETALLURGY; S T E E L S ; WEAR

S Y N O P S IS
A P P LIC A B LE TO S H ELLIN G  F A IL U R E S

**-»***«"*«#****'*"****«***«**«****««******«'**"**’***********************#«#*#***«#**

F I L E  NUMBER 300147*

T . M. BEAGLEY

F I L E  P R IN TE D  BY F I L E  NUMBER

D A TE  00

AUTHOR

76

T I T L E
"SEVERE WEAR OF R O L L IN G / S L ID IN G  CO N TA CTS "

KEY WORDS

WEAR OF WHEEL FLANGES; R O L L IN G / S L ID IN G  WHEEL C O N TA CTS ; SHEAR S TR E S S ; 
PRESSURE AND F R IC IT IO N  FORCES

SYNOPSISAPPLICABLE TO SHELLING FAILURES



AUTHOR . '
E. O LLERTON, PAPER 10, PROC. IN S TN . MECH. ENORS.

T I T L E
"S TR E S S E S  IN  TH E  CO N TA CT ZONE"

28-Sep-1984
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FILE PRINTED BY FILE NUMBER
FILE NUMBER 300167* DATE 00 64

KEY WORDS

C O N TA C T-S TR E S S  PROBLEMS; AD H ESIO N  IN  R A IL -W H E E L  C O N TA CT; FR O Z E N -S TR ES S  
P H O TO E LA S TIC  T E S T S , SURFACE, SHEAR S TR E S S  FROM TA N G E N TIA L  FORCES. CREEP OF 
R O LLIN G  BO D IES , . BENDING S TR E S S ES  IN  R A IL S ,

S Y N O P S IS
A P P LIC A B LE  TD  S H E LLIN G  F A IL U R E S

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 300218* D A TE  0 0  SEP 78

AUTHOR
C. 0. FR ED ER ICK

T I T L E
E F F E C T  OF WHEEL AND R A IL  IR R E G U L A R IT IE S  ON TH E  TRACK  

KEY WORDS

TRACK DEFORM ATION; W H EELFLAT IM P AC TS  CAUSE DYNAM IC INCREM ENTS; V E H IC L E  
UNSPRUNG MASS; IR R E G U L A R IT IE S  IN  WELDED TRACK

S Y N O P S IS
A P P LIC A B L E  TO S H E LL IN G  F A IL U R E S

****»»**«***»»«»**»»*»»»#»#*■»»*»*»*»#*»'*#**»«*«»«*'*'»«**«*«•««««»*««**«**•««**«*



AUTHOR
H. IC H IN O S E , U. TAKEHARA, N. IW A SA KI, M. UEDA

T I T L E
"AN IN V E S T IG A T IO N  ON CO N TACT F A T IG U E  AND WEAR R E S IS TA N C E  
BEHAVIOUR IN  R A IL  S T E E L S

KEY WORDS

FILE PRINTED BY FILE NUMBER
FILE NUMBER 300226*- DATE 00 SEP 78

F A TIG U E  A N A LY S IS ; LOAD AND S L IP  IN F LU E N C E S ; M IC R O -O B S ER V A TIO N S  OF CRACK; 
RUBBING/DEFORM ATION OF CRACK SURFACE; P L A S T IC  FLOW

S Y N O P S IS
A BACKGROUND PAPER FOR CONTACT F A T IG U E  AND S H E LL IN G  PROBLEM; 
JAPANESE TECHNOLOGY

***■***•**•***#*■#•*•**#*■»***••* *•«■*■**■**■***-»**•«■*#*•*******■**•**■* *•»■»**••**■**•*****■**■■********•**

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0 3 2 6 *  D A TE 0 0  SEP 78

AUTHOR
H. IC H IN O S E , J .  TAKEHARA. N. IW A S A K I. M. UEDA  

T I T L E
"AN IN V E S T IG A T IO N  ON CO N TA CT F A T IG U E  AND WEAR R E S IS TA N C E  
BEHAVIOUR IN  R A IL  S T E E L S

KEY WORDS

F A TIG U E  A N A L Y S IS ; LOAD AND S L IP  IN F L U E N C E S ; M IC R O -O B S ER V A TIO N S  OF CRACK; 
RUBBING/DEFORM ATION OF CRACK SURFACE; P L A S T IC  FLOW

S Y N O P S IS
A BACKGROUND PAPER FOR CONTACT F A T IG U E  AND S H E LL IN G  PROBLEM; 
JAPANESE TECHNOLOGY

***********int****<-***********a-***-**-**-in:-<nt ********************************************
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M. JAM ES & J .  COHEN

FILE NUMBER 300308*
AUTHOR

FILE PRINTED BY FILE NUMBER
DATE 00 MAR 78

T I T L E
PARS -  A PO RTABLE X -R A Y  ANALYZER FOR R E S ID U A L STR ES S ES

f
§

t

c

KEY WORDS
NDE, TASK 14

X -R A Y  D E V IC E  FOR MEASURING R E S ID U A L  S TR E S S E S ; PO R TABLE MEASURNG IN STRUM EN T; 
R ESID UA L STR ESS A N A L Y S IS ; P O S IT IO N  S E N S IT IV E  DETECTO R

S Y N O P S IS
A PRIMER ON R E S ID U A L S TR E S S  D ETER M IN A TIO N  BY X -R A Y  A N A L Y S IS

m

c

m

t

•

€

^w****************************************************************************

F I L E  NUMBER 300387*

F IL E  PRINTED BY F IL E  NUMBER

D A TE  00  APR 79

AUTHOR
J .  MODRANSKY, W. DONNELLY, S. NOVAK, K. S M ITH

T I T L E
INSTRUM ENTED LOCOM O TIVE WHEELS FOR CO NTINUOUS MEASUREMENTS 
OF V E R TIC A L  AND L A TE R A L  LOADS

KEY WORDS

€

1

1

i

VEHICLES/COM PONENTS; IN S TR U M EN TA TIO N

S Y N O P S IS
GENERAL REFERENCE PAPER ON IN STRUM EN TED  W H EELSET TO  MEASURE W H EEL/R A IL FORCES

»*»*»*«*«««««»«*«*»««**«*«*««**««*«#****«««««*««»*««*«««*««««««««*««**«««**»*«*
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f

f

f

P

s
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e

c

i

AUTHOR
K. NAGY.. D. A. D A V IS , & R. D. F IN C H

T I T L E
D E TE C TIO N  OF FLAWS IN  RAILR OAD  WHEELS U S IN G  A C O U S TIC  
S IG N ATUR ES

FILE PRINTED BY FILE NUMBER
FILE NUMBER 300406* DATE 00 NOV 78

KEY WORDS
NDE, TASK 14

AUTOM ATIC IN S P E C TIO N  U S IN G  A C O U S TIC  S IG N A TU R E S , D E T E C T IO N  OF SOUND R A D IA TE D  
IN TO  A IR  BY MICROPHONE TO  O B TA IN  A C O U S TIC  S IG N A TU R E  FOR F IN D IN G  CRACKS IN  
RIM OR P LA TEi D E TE C T  F L A T  SPOTS OR S H A TTER ED  RIM S W/ACCEL. MOUNTED ON R A IL

S YN O P SIS
A REFERENCE PAPER FOR NDE OF WHEEL D E F E C TS  BY A C O U S TIC  S IG N A TU R E A N A L Y S IS

*•*********«*#******.****** **•*■***•*■*■**•*■*■*•****«■**•■*•**■**•******■* ***********************
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F I L E  NUMBER 300436*

F I L E  P R IN TE D  BY F I L E  NUMBER

D A TE  OO 80

AUTHOR
T . J .  THOMAS, V. GARG, D. STO N E

T I T L E
THERMAL F A T IG U E  A N A L Y S IS  OF A R A ILC A R  WHEEL UNDER DRAG 
BRAKING

K EY WORDS
F I N I T E  ELEM ENT A N A L Y S IS , TASK 10, CH36 WHEELS

F A TIG U E  A N A LY S IS ; S TR E S S ES  FROM TEM PERATURE; DRAG BRAKING AND C Y C L IC  
THERMAL LOADING; F I N I T E  ELEM NT A N A L Y S IS

SYN O P S IS
C Y C L IC  THERMAL LOADING ON TH E  F A T IG U E  L I F E  OF CH36 WHEEL WAS IN V E S T IG A T E D  BY  
F I N I T E  ELEM ENT METHOD. CREEP P L A S T PROGRAM WAS USED TO E S T IM A T E  TH E  STR ES S  & 
S TR A IN  DEVELOPED IN  TH E  WHEEL

***#»**««»**ff******************************************************************
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FILE PRINTED BY FILE NUMBER

PILE NUMBER 300439* DATE 00 JUL 77
AUTHOR

B. R. AHLBECK, H. D. HARRISON

T I T L E
TEC H N IQ U ES  FOR M EASURING W H EEL/R A IL  FORCES W ITH  TR A C K S ID E  
IN STR U M EN TATIO N

KEY WORDS

W H EEL/R AIL LOADS AS AN IM PORTANT MEASURE OF V E H IC L E / TR A C K  IN T E R A C T IV E  
RESPONSE; TECH N IQ U ES  FOR MEASUREMENT OF W H EEL/R A IL  LOADS; DATA PRESENTED TO  
IL L U S T R A T E  AN A P P L IC A T IO N  OF MEASUREMENT TEC H N IQ U E S

S Y N O P S IS
W AYSIDE IN STR U M EN TATIO N  FOR TH E  MEASUREMENT OF DYNAMIC W H E EL/R A IL  FORCES FOR 
FUTURE TRACK T E S T S  TO  IN V E S T IG A T E  WHEEL S H E L L IN G

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0562* D A TE  00  JA N  80

AUTHOR
P. P. M ARCOTTE, K. MATHEWSON, W. CALDW ELL

T I T L E
IMPROVED WHEEL TREAD  P R O F IL E S  FOR HEAVY F R E IG H T  V E H IC LE S

KEY WORDS

WHEEL TREAD P R O F IL E . S TEA D Y S T A T E  CU R VIN G  BEH AVIO R , N O N -LIN E A R  COMPUTER 
S IM U L A TIO N . COMPARISON W ITH  F IE L D  T E S T S

S Y N O P S IS

**»***##»******«»*#»**»*«»***#*»»**#»****»«•»»****««********«#«***«*«*«*««******
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FILE PRINTED BY FILE NUMBER
FILE NUMBER 300598* ' DATE 00 00

AUTHOR
R. J .  COOKE, C. J .  BEEVERS  

T I T L E
SLOW F A T IG U E  CRACK PR OPAGATION IN  P E A R L IT IC  S T E E L S

KEY WORDS
FA ILU R E  MODEL, TASK 10

P E A R L IT IC  S TE E L S , LOAD R A T IO , CRACK GROWTH, CRACK CLOSURE

S Y N O P S IS
GENERAL REFERENCE PAPER D E S C R IB IN G  FACTO R S WHICH CONTROL SLOW F A T IG U E  CRACK 
PROPAGATION IN  P E A R L IT IC  S TE E L S

•H-#*****##****************-#*******************************")I-*********************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 300660* D A TE 00  AUG 79

AUTHOR
H. R. WETENKAMP, B. J .  EC K. P. E. R H IN E  

T I T L E
TH E IN FLU EN CE OF BRAKE SHOES ON TH E  TEM PERATURES OF WHEELS 
IN  R AILR O AD  S E R V IC E

KEY WORDS
L IM IT E D  IN V E S T IG A T IO N  OF BRAKE SHOES, TA S K  7

CONSTANT BRAKE SHOE LOADS, D IF F E R E N T  T Y P E S  O F BRAKE SHOES, LABORATORY  
TES TS . F IE L D  T E S T S

S Y N O P S IS
IN V E S T IG A T IO N  OF HOT SPOT TEM PERATURES 8t C O E F F IC IE N T S  OF F R IC T IO N  W ITH  D IFFER EN 1  
KIN D S OF BRAKE SHOES

*«*«**#«#**«*•#««*««*»*«#«««'»««*««*'»«****»****»#*************#•»**#***»*»*#***«
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 300665* DATE 00 MAR 80

ROY A. ALLEN
AUTHOR

T I T L E
f  A SUPERIOR IN STRUM EN TED  W HEELSET

|  KEY WORDS
T E S T IN G  W ITH  INSTRUM ENTED W H EELSETS. TA S K S  4 & 5

LOAD MEASURING WHEELS. DATA A C Q U IS IT IO N

§
S Y N O P S IS

§  DEVELOPMENT IN  TH E MESUREMENT OF DYNAM IC W H EEL/R A IL  FORCES ON A CO NTINUOUS
T IM E  B A S IS  IS  D ESCRIBED

>

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

i F I L E  NUMBER 3 0 0691* D A TE  0 0  00

AUTHOR
t D. E . MOCHA, J .  W. JO N ES , D. M. CORBLY

T I T L E
ON TH E  V A R IA TIO N  OF F A T IG U E  -  CR AC K -O PEN IN G  LOAD W ITH  
MEASUREMENT L O C A TIO N

i KEY WORDS
F A TIG U E -C R A C K -O P E N IN G , C R A C K -T IP -O P E N IN G  LOAD

S Y N O P S IS  :
4  LABORATORY IN V E S T IG A T IO N  OF D IS P LA C E M E N T-L O A D  BEHAVIO R FOR A F A T IG U E  CRACKED

SPECIM AN

(

I *********************************************************************************
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{  F i L c  NUMBER

F I L E  P R IN TE D  BY F I L E  NUMBER 

300716* DATE 00  OCT 80 .

«

f

AUTHOR
B. V. E R IC K LE

T I T L E
CREEPAGES AND FORCES A C TIN G  ON A W HEELSET ON ROLLERS, ROLL  
DYNAMICS U N IT  (R D U ) A N A L Y S IS  STUDY

# KEY WORDS

f  ----------------
DYNAMICS
DYNAMICS

ft

A N A L Y S IS ; CREEP; W HEELSET ON ROLLERS; DYNAMIC T E S T IN G ; TR A C K /TR A IN

S Y N O P S IS
§  A N A LY S IS  OF W HEELSET FORCES & CREEPAGES ON ROLLERS

c
# #*******;Ht**̂ *******;Ht******#****************#****************-ft****************

ft '
F I L E  P R IN TE D  BY F I L E  NUMBER

§ ; F I L E  NUMBER 

€  

ft

300773* D A TE 00 J U L  79

AUTHOR
H. A. TA N V IR

T I T L E
TEMPERATURE R IS E  DUE TO  S L IP  BETWEEN WHEEL AND R A IL  -  AN 
A N A L Y TIC A L  S O L U TIO N  FOR H E R TZ IA N  CO N TACT

t KEY WORDS
WHEEL R A IL  ADHESIO N; BRAKING PERFORMANCE, S L IP P IN G  GEN ER ATES H EAT  
TEMPERATURE R IS E  IN CR EASE WHEEL AND R A IL  WEAR

( -------------------------------------------------------------

i

S Y N O P S IS
t  A PP LIC A B LE TO  WHEEL S H E LLIN G

l

l ««*«*«#»*«**««#'» e**************************** #***«*««##«*«#«*«*«*#*«*



F IL E : NUMBER 300776* D A TE 0 0  J A N -81

FILE PRINTED BY FILE NUMBER

AUTHOR
M ILTO N  R. JOHNSON

T I T L E
DEVELOPMENT AND USE OF AN INSTRUM ENTED W HEELSET FOR TH E  
MEASUREMENT OF W H E EL/R A IL  IN T E R A C T IO N  FORCES

KEY WORDS
T E S T IN G  W ITH  INSTRUM ENTED W HEELSETS. TA S K S  4  & 5

W HEELSETSi MESUREMENT; W H EEL/R A IL IN T E R A C T IO N  FORCES; S T R A IN  GAUGE BR ID GES  
ON P L A TE  OF WHEEL; IS O L A T E  V E R T IC A L , L A TE R A L  LOADS,

S Y N O P S IS
IN S TR U M EN TAITO N  D E T A IL S  OF A LOAD M EASURING WHEEL

*****«*«tt****«*tt#«****«*««**«*tt**«**********«*«*»««««*«*«*****«**«*****«*******

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0778* D A TE  00  APR 80

AUTHOR
R. P. JO Y C E , M. R. JOHNSON

T I T L E
IN STR U M EN TIN G  A R A ILR O A D  W HEELSET FOR MEASURING A WHEEL/ 
R A IL  LOAD

KEY WORDS
T E S T IN G  W ITH  INSTRUM ENTED W H EELSETS. TA S K S  4 & 5

W HEELSETS; DYNAM ICS BETWEEN WHEEL AND R A IL ; RESPONSE TO  TRACK IRREGULAR  
YAWING AND LA TE R A L CREEP ON CURVES; H U N TIN G

S Y N O P S IS
IN S TR U M EN TA TIO N  D E T A IL S  OF IN STRU M EN TED  W HEELSET CAPABLE OF MEASURING W H EEL/R A IL  
DYNAMIC FORCES

*»*****«**«**•*««»«««*«'**.««*««*«««**««*«*{('»«***«**«*««*«*•«*«««««•*«**«**«**«««
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•FILE NUMBER 300779* DATE 00  0 0 .

FILE PRINTED BY FILE NUMBER.

A UTH O R '
A. R. PQCKLINGTON

T I T L E
B. R. LOAD MEASURING WHEEL

KEY WORDS

WHEEL R A IL  DYNAMICS) LOAD M EASURING WHEEL)

SYN O P S IS
DEVELOPMENT AND IN S TR U M EN TATIO N  OF LOAD MEASURING WHEEL

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 300780* D A TE 0 0  JA N  81

AUTHOR
C. A . SWENSON. K. R. S M ITH

T I T L E
DEVELOPMENT AND USE OF INSTRUM ENTED LO C O M O TIVE W HEELSETS

KEY WORDS

W HEELSETS) S TR A IN  GAGES A P P L IE D  TO  WHEEL P L A TE S ) MEASUREMENT OF DATA  
A N A L Y S IS / TIM E  RESPONSE

S Y N O P S IS
A PRIMER ON TH E  DEVELOPMENT OF IN STRUM ENTED W H EELSET-

*******************************************************************************
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 300824* DATE 00 JUL 74
AUTHOR

D. CANNON V. R. ALLEN

T I T L E
TH E A P P L IC A T IO N  OF FRACTURE M ECHANICS TO  RAILW AY F A IL U R E S

F A IL U R E  MODEL. TASK 10
KEY WORDS

FRACTURE, P R E -E X IS T IN G  D E F E C T. F A T IG U E  CRACKS. TO  Q U A N TIF Y  FRACTURE PROCESS  
IN V O LV IN G  CRACK PROROGATION TO  C A TA S TR O P H IC  F A IL U R E

SYN O P S IS
A P P L IC A T IO N  OF FRACTURE M ECHANICS TO  RAILW AY F A IL U R E S  IN  A X LES , WHEELS. R A IL S .  
TRUCK COMPONENTS E TC .

a-**-****#********************-***************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0 8 3 4 *  D A TE  0 0  76

AUTHOR
K. F U U IT A , A. Y O S H ID A , & T .  YAMAMOTO

T I T L E
R O LLIN G  CO N TACT F A T IG U E  IN  ANNELAED 0. 457. CARBON S T E E L  
ROLLERS

F A IL U R E  MODEL, TASK  10
KEY WORDS

CRACK PROPAGATION, S T E E L ; M ICRO STR UCTURE A T  SURFACE AND SUBSURFACE OF 
ROLLERS

S Y N O P S IS
JAP AN ES E PAPER; R O LLIN G  CO N TA CT F A T IG U E  A N A L Y S IS  IN  SMALL S IZ E  O. 457. CARBON 
S T E E L  ROLLERS .

*********»*********************************************************************
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AUTHOR
C. FR ED ER ICK, D. CANNON, S. NEWTON 

T I T L E
DYNAMIC R A IL  STR ES S ES  DUE TO  WHEEL F L A T  IM PACT

FILE PRINTED BY FILE NUMBER
FILE NUMBER 300843* DATE 00 77

KEY WORDS

W HEELFLATS CAUSE R A IL  FRACTURE; W H EELFLAT IM PACT S TR E S S ES ; R A IL  D EFE C TS  
AND F IN A L  FRACTURE; IM PACT FORCE

S Y N O P S IS
A P P LIC A B LE TO  S H E LL IN G  PROBLEM

**********************************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0868* D A TE  00  NOV 80

AUTHOR
S. KUMAR & B. RAJKUMAR

T I T L E
LABORATORY IN V E S T IG A T IO N  OF WHEEL R A IL  CO N TACT STR ES S ES  FOR 
U. S. F R E IG H T CARS

KEY WORDS

STRESS A N A LY S IS ; WHEEL R A IL  DYNAM ICS; CO N TA CT S TR E S S  AND TRACK DEGRADATION  
S IM U LA TIO N  F A C I L I T Y ;  F R E IG H T CAR S TR E S S  L E V E L S ;

A P P LIC A B LE TO S H E LL IN G  PROBLEM
S Y N O P S IS

*■**■*■* ■a*********************************** *»** ***** a****************************
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 300869* DATE 00 NOV 80
AUTHOR

D. R. AHLBECK

T I T L E
AN IN V E S T IG A T IO N  OF IM PACT LOADS DUE TO  WHEEL F L A T S  AND R A IL  
J O IN T S

KEY WORDS

WHEEL R A IL  DYNAM ICS: IM PACT LOADS: WHEEL F L A T S , SURFACE S P A L L IN G  ON TREAD, 
S H E LL IN G , WELD D EFE C TS ; R A IL  J O I N T  D IP S

S YN O P S IS
A P P LIC A B LE  TO S H E LLIN G  PROBLEM

*■»■*•***•*•***•#■»****•******■**•**■#•**■*'*■*■**********************•*•*******■***•****•*****■*****

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 0875* D A TE  0 0  NOV 80

AUTHOR
Y. J .  PARK & D. H. STON E

T I T L E
C Y C L IC  BEHAVIOR OF CLA SS U WHEEL S T E E L

KEY WORDS
M A TER IA L PR O P ER TIES . TASK 3

WHEEL M ETALLURGY; M A TE R IA L  P R O P E R TIE S  UNDER C Y C L IC  LO A D IN G ; F A T IG U E  T E S T S ;  
S O FTE N IN G ; F A T IG U E ; L I F E

SYN O P S IS
P R O P ER TIES  OF CLASS U S T E E L S  A T  ROOM TEM PERATURE REPORTED IN  T H IS  PAPER W IL L  BE  
USED IN  TH E  PROGRAM

«■■**•*■****•*******•******•***•***'*■******■*********-***■*********************************
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FILE PRINTED BY FILE NUMBER
| FILE NUMBER 300876* DATE 00 NOV 80

< R. L IE C H T Y
AUTHOR

f
T I T L E

CO N SID ER ATIO N S ON TH E  USE OF R A D IA L L Y -S T E E R E D  W HEELSETS IN  
RAILW AY TRUCKS

KEY WORDS

W HEELSETS; R A D IA L L Y -S TE E R A B L E  TRUCK W H EELSET; ADHESIO N; ANGLE BETWEEN  
WHEEL PLANE AND R A IL  PLANE; CURVE P O S IT IO N

.«
S Y N O P S IS

£  NOT D IR E C T L Y  A P P LIC A B LE  TO  THE WFM PROGRAM; GENERAL REFERENCE PAPER ON S TEER A B LE
TRUCKS

i#

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

f?- F I L E  NUMBER 300961* D A TE 00  NOV 81

AUTHOR
f  K. HIRAKAWA & H. SAKAMOTO

T I T L E
%  E F F E C T  OF D ES IG N  V A R IA T IO N  ON RAILR OAD WHEEL FRACTURE

f .  K EY  WORDS
TRACK 8t DYNAMOMETER T E S T IN G , TA S K  6

I ----------------------------------- -------------------------------
WHEEL D EFE C TS ; P R E D IC TIN G  WHEEL FR A C TU R E; WHEEL D ES IG N  FOR IMPROVED 
FRACTURE R E S IS TA N C E , DYNAMOMETER V E R IF IC A T IO N ; R E S ID U A L S TR ESS

t
S Y N O P S IS

t  OPTIMUM WHEEL D ES IG N  TE S T E D  W ITH  IMPROVED FR ACTUR E R E S IS TA N C E  SUPPORTED BY
F I N I T E  ELEM ENT A N A L Y S IS  & DYNAMOMETER T E S T IN G  (JA P A N E S E  E X P E R IE N C E )

(

*******************************************************************************1



FILE PRINTED BY FILE NUMBER
FILE NUMBER 301000* DATE 00 70

AUTHOR
T . KUNIKAKE, S. N IS H IM U R A , & H. TAG AS H IR A

T I T L E
"TH E  M ETALLOGRAPHIC O BSER VATIO N  OF TH E  TREAD OF WHEELS S U B -  

, JE C T E D  TO  V AR IO US S E R V IC E  C O N D IT IO N S " ( IRON & S T E E L  IN S T . >

KEY WORDS
METALLOGRAPHIC A N A L Y S IS . TA S K  3 . CRACK I N I T I A T I O N ,  TASK  8, NDE, TA S K  14

WHEELS; METALLURGY; TREAD REGION  HARDENING; O N -TR E A D  BRAKE; H E A T-C H E C K S , 
S P A L L IN G , FLAKY SURFACE; S H E LL IN G

S Y N O P S IS
AN A N A L Y S IS  AND A TLA S  OF M E TA LLU R G IC A L STRU CTU RE CHANGES DUE TO  BRAKE H E A TIN G

*********************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301001* D A TE  0 0  FEB 77

AUTHOR
M. R. JOHNSON, R. E . WELCH, St K. S. YEUNG

T I T L E
"A N A L Y S IS  OF THERMAL S TR E S S ES  *e R E S ID U A L  S TR E S S  CHANGES IN  
RR WHEELS CAUSED BY SEVER E DRAG BRAKING <JOR. ENG. FOR IN D )

KEY WORDS
F I N I T E  ELEM ENT A N A L Y S IS  AND S IM U L A T IO N . TA S K  10

S TR ESS A N A L Y S IS ; THERMAL S TR E S S E S ; DRAG BR AKIN G; H E A TIN G  FROM TREAD BRAKE; 
THERMAL CRACK GROWTH

S Y N O P S IS
F I N I T E  ELEM ENT DEM ONSTRATION OF TH E  FORM ATION OF R E S ID U A L  S TR E S S ES  DUE TO  BRAKE 
H E A TIN G . TH E STANDARD BY WHICH E L A S T I C -P L A S T IC  F . E. A N A L Y S IS  ARE JUDGED

««»*«»««*»««*«»«**«»«*«»***«*«««*«**«**«*«**«»«»«*««***«*«**««*««««*«****««*«**
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AUTHOR
M. R. JOHNSON, R. E. WELCH, & K. S. YEUNG 

T I T L E
"A N A L Y S IS  OF THERMAL S TR E S S ES  & R E S ID U A L STR ESS CHANGES IN  
RR WHEELS CAUSED BY SEVERE DRAG BRAKING (JO R . ENG. FOR IN D )

KEY WORDS
F I N I T E  ELEMENT A N A LY S IS  AND S IM U L A T IO N , TASK  10

FILE PRINTED BY FILE NUMBER
PILE NUMBER 301001* DATE 00 FEB 77

STRESS A N A LY S IS ; THERMAL S TR E S S ES ; DRAG BR AKIN G; H E A TIN G  FROM TREAD BRAKE; 
THERMAL CRACK GROWTH

S Y N O P S IS
F I N I T E  ELEM ENT DEM ONSTRATION OF TH E  FORM ATION OF R E S ID U A L STR ES S ES  DUE TO  BRAKE 
H EATIN G . TH E STANDARD BY WHICH E L A S T I C -P L A S T IC  F . E . A N A L Y S IS  ARE JUDGED

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1003* D A TE  00  MAY 67

JO S E F  MATHAR
AUTHOR

T I T L E
"D E TE R M IN A TIO N  OF I N I T I A L  S TR E S S ES  BY MEASURING TH E  DEFORMA­
T IO N  AROUND D R IL L E D  H O LES"

KEY WORDS

R ESID UAL STRESS A N A L Y S IS ; D IS TU R B  AREA O F S TR E S S  E Q U IL IB R IU M  AROUND D R IL L E D  
HOLE DETERM INES IN H ER EN T S TR E S S ES  IN  C A S TIN G

S Y N O P S IS
AN  EX CELLEN T BACKGROUND PAPER FOR TH E  B A S IS  OF HOLE D R IL L IN G  TEC H N IQ U E FOR 
R ESID UA L STR ESS D E TER M IN A TIO N

*******************************************************************************



FILE PRINTED BY FILE NUMBER
FILE NUMBER 301003* DATE 00 MAY 67

JO S E F MATHAR
AUTHOR

T I T L E
“D ETER M IN A TIO N  OF I N I T I A L  S TR E S S ES  BY MEASURING TH E  DEFORMA­
T IO N  AROUND D R IL L E D  H O LES"

KEY WORDS

R ES ID U A L STRESS A N A L Y S IS ; D IS TU R B  AREA OF S TR E S S  E Q U IL IB R IU M  AROUND D R IL L E D  
HOLE D ETER M IN ES IN H EREN T S TR E S S E S  IN  C A S TIN G

SYN O P S IS
AN EX C E LLE N T BACKGROUND PAPER FOR TH E  B A S IS  OF HOLE D R IL L IN G  TEC H N IQ U E FOR 
R E S ID U A L STR ESS D ETER M IN A TIO N

ft***##*****#*##**********#******#**;;**#**#******#**##*********#*####**#*##**#**

F I L E  P R IN T E D  BY F I L E  NUMBER

F I L E  NUMBER 301004* D A TE  00  MAY 70

AUTHOR
K. N IS IO K A , T . K U N ITA K E , T .  K U N ITA K E , T . KAGAWA

T I T L E
"TH E  WHEEL T E S T IN G  M ACHINE AND SOME EX P ER IM EN TAL R E S U LTS  OF 
TREAD D E F E C TS " TG H E SUMITOMO SEARCH. NO. 3

KEY WORDS
DYNAMOMETER T E S T IN G , TASK  6

WHEEL D EFE C TS ; SEVERE R EQ UIR EM EN TS FOR WHEELS; WHEEL T E S T IN G  M ACHINE; 
BRAKING T E S T  R ES U LTS ; S H E L L IN G , E X P L O S IV E  F A IL U R E

S Y N O P S IS
A S E T  OF C O N D ITIO N S  IS  D E F IN E D  TO  PRODUCE DYNAMOMETER T E S T  WHEELS TO  F A IL .  NEW 
CARBON (JA P A N E S E ) WHEELS ARE USED
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AUTHOR
S. NISHIM URA & K. TOKIM ASA  

T I T L E
"S TU D Y  OF TH E  R E S ID U A L S TR E S S ES  IN  RAILROAD S O L ID  WHEELS AND 

TH E IR  E F F E C T  ON WHEEL FRACTURE <BUL. OF TH E  JS M E ) VOL. 19

KEY WORDS
FA ILU R E  MODEL, TASK  10

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301006* . DATE 00 MAY 76

WHEEL STR ESS; WHEEL T E S T IN G  M ACHINE; WHEEL FRACTURE ANALYZED BY L IN EA R  
FRACTURE M ECHANICS; R ES ID U A L T E N S IL E  S TR E S S  IN  RIM

S Y N O P S IS
A D E F IN IT IV E  WORK ON COM BINING R E S ID U A L  STR ES S  S T A T E  AND FRACTURE M ECHANICS  
DATA TO  P R E D IC T  WHEEL F A IL U R E

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1 0 1 6 * D ATE 00  JU L  76

E. BEANEY
AUTHOR

T I T L E
ACCURATE MEASUREMENT OF R E S ID U A L STRESS ON ANY S T E E L  US IN G  
TH E  CENTRE HOLE METHOD

KEY WORDS
D E TA IL E D  R E S ID U A L S TR E S S  A N A L Y S IS . TA S K  11

R ESID UAL STR ESS A N A L Y S IS ; A IR -A B R A S IV E  TE C H N IQ U E  FOR FORMNG HO LE;

S Y N O P S IS
AN EX CELLEN T PAPER ON R E S ID U A L S TR E S S  MEASUREMENT BY HOLE D R IL L IN G  W ITH  A IR  
ABR ASIVE U N IT

*******************************************************************************
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 301017* DATE 00 DEC 66
AUTHOR

N. R EN D LER:& I .  V IG N E S S

T I T L E
H O L E -D R IL L IN G  S T R A IN -G A G E  METHOD OF M EASURING R E S ID U A L  
STR ESSES

KEY WORDS
D E T A IL E D  R ESID UA L S TR ESS A N A L Y S IS . TASK  11

R E S ID U A L STRESS A N A L Y S IS ; S T R A IN  R E L A X A TIO N  AROUND A D R IL L E D  HOLE

S YN O P S IS
A BACKGROUND PAPER FOR TH E  D E TE R M IN A TIO N  OF R E S ID U A L  S TE S S E S  BY HOLE D R IL L IN G -  
S T R A IN  GAGING METHOD

**■*•#•*#*■*■#■■*■»#**■***■■***•**•** ***#****■»•**■*•#■*****•»■*■***•»•■#•**■#•*•*■#•**■****••#••#■**•**•**•#•■#•***■■#•*•»**

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301018* D A TE 00  MAY 78

AUTHOR
J .  SA N D IFER  & G. BOW IE

T I T L E
R E S ID U A L S TR E S S  BY B L IN D -H O L E  METHOD W ITH  O F F -C E N TE R  HOLE

K EY WORDS
D E T A IL E D  R ESID U A L STR ES S  A N A L Y S IS . TA S K  11

STR ESS A N A L Y S IS ; B L IN D -H O L E  D R IL L IN G ; S T R A IN -G A G E -R O S E T T E  G EO M ETR IES; 
H A N D -D R IL L E D -H O L E  CENTER

S Y N O P S IS
A P P L IC A T IO N  OF HOLE D R IL L IN G  TE C H N IQ U E  FOR TH E  D E TE R M IN A TIO N  OF R E S ID U A L  
S TR E S S ES  IN  R E S TR IC TE D  AREAS



FILE PRINTED BY FILE NUMBER

AUTHOR
A. BUSH & F. KROMER

T I T L E
S IM P L IF IC A T IO N  OF TH E  H O L E -D R IL L IN G  METHOD OF R E S ID U A L  
STR ESS MEASUREMENT

KEY WORDS
D E TA IL E D  R ESID UA L STR ES S  A N A L Y S IS , TASK  11

FILE NUMBER 301019* DATE 00 00

R ESID UA L STRESS A N A L Y S IS ; HOLE D R IL L IN G  METHOD; A B R A S IV E J E T  M ACHINING

SYN O P S IS
AN EX CELLEN T PAPER ON TH E D ETER M IN A TIO N  OF R E S ID U A L  S TR E S S ES  BY HOLE D R IL L IN G -  
S TR A IN  GAGING METHOD U S IN G  A B R AS IV E J E T  M ACHINING PROCESS

****************** **********;«****************************** *■****«■**■«■*■»•*■***■***■*

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 30 1 0 2 0 * D A TE  00  MAY 67

AUTHOR
J .  BRUNER, G. BEN JA M IN  & D. BENCH

T I T L E
A N A L Y S IS  OF R E S ID U A L , THERMAL AND LO AD IN G  S TR E S S ES  IN  A B33  
WHEEL AND T H E IR  R E L A TIO N S H IP  TO  F A T IG U E  DAMAGE

KEY WORDS
F A IL U R E  MODEL, TA S K  10

STR ESS A N A LY S IS ; S IM U LA TED  LO A D IN G  C O N D ITIO N S ; S TR E S S  PA TTE R N  AND F A T IG U E  
T E S T S  COMPARED; RIM  H E A TIN G

S YN O P S IS
A PR ELIM IN AR Y IN V E S T IG A T IO N  OF LOAD IN G  & THERMAL S TR E S S ES  IN  A B -3 3  WHEEL

******** ****************** ************************************** ***************
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[

F I L E  P R IN TE D  BY F I L E NUMBER

t F I L E  NUMBER 301022* D ATE 00 00

t
AUTHOR

W. S O ETE & R. VANCROMBRUGGE

f
T I T L E

AN IN D U S TR IA L  METHOD FOR TH E D E TE R M IN A TIO N OF R ES ID U A L
STRESSES

f  . KEY WORDS
D E T A IL E D  R ESID UAL S TR ESS A N A L Y S IS , TASK  11

€

€

*

#

m

m

m

m

%

t

i

i

c

STR ES S  A N A LY S IS ! E L A S T IC  RECOVERY OF S TR E S S ES ; D IA L  EXTENSOM ETER; T E N S IL E  
AND COMPRESSIVE S TR ESSES

S YN O P S IS
BACKGROUND PAPER FOR TH E  DEVELOPMENT OF R E S ID U A L S TR E S S  D ETER M IN A TIO N  BY  
HOLE D R IL L IN G  -  S TR A IN  GAGING METHOD

**********«««*'»*««*«*»«'«*«'»««#*«*****«*********«*«***«****«***«**»«******«*#***

F I L E  NUMBER 301023*

K. M ILBR ADT

F I L E  P R IN TE D  BY F I L E  NUMBER

D A TE  0 0  00

AUTHOR

T I T L E
R IN G -M ETH O D  D E TE R M IN A TIO N  OF R E S ID U A L  S TR ESSES

KEY WORDS
D E T A IL E D  R ESID UA L S TR E S S  A N A L Y S IS , TASK 11

R E S ID U A L STRESS A N A L Y S IS ; X -R A Y  D IF F R A C T IO N ; CHANGE IN  S TR E S S  D IS T R IB U T IO N  
DUE TO  A D R ILLED  HOLE

S Y N O P S IS
BACKGROUND M ATER IAL FOR TH E  DEVELOPMENT OF R E S ID U A L  S TR E S S  D ETER M IN A TIO N  BY  
H O L E -D R IL L IN G  -  S TR A IN  G AG IN G  METHOD

*»*****»*««»»*»*********#»*********»»***********************#**»»**»###****»***



r
28-Sep-1984Page 38

FILE PRINTED BY FILE NUMBER
F I L E  NUMBER 301045*

AUTHOR

D ATE 00 JUN  81

A. IBRAHIM  8< S . G IB R A IE L

T I T L E
EV A LU A TIO N  OF DYNAMIC LOAD CO M B IN A TIO N F A T IG U E  DAMAGE

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TA S K  10

I ---------------- -----------------------
F A TIG U E  A N A LY S IS ; F A T IG U E  DAMAGING C Y C LES ;

S Y N O P S IS
§  A GEN ER IC BACKGROUND PAPER FOR F A T IG U E  A N A L Y S IS

«
J #*"»*«&**»****««*#«*«'*«*#»#««***»*'»'**«*««*«*'&«#*******«***«*»«'***«*****«***«*«**

c

€

t

t

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301084* D A TE  00  SEP 81

AUTHOR
T . D. BURTON

T I T L E
IN FLU EN CE OF W H EEL/R A IL  C O N TA C T GEOMETRY ON LARGE A M P LITU D E  
W HEELSET E Q U A TIO N S  OF M OTION

KEY WORDS

I --------------- ------------------------------------------------------
WHEEL R A IL  DYNAM ICS; LA TER A L CREEP V E L O C IT Y , FLAN G E C O N TA C T; DYNAMIC MODEL; 
YAW & LA TER AL TR A N S LA TIO N  OF W HEELSET

S Y N O P S IS
(  -------- A BACKGROUND PAPER-FOR S H E LL IN G  PROBLEM

1

***************** *-*************************************************************



f

f

I

i.

AUTHOR
C. H. HO & 0. TUNCEL

T I T L E
IN V E S T IG A T IO N  OF TH E  IN F L U E N E  OF V AR IO US PARAMETERS ON 
R E S ID U A L -S TR E S S  C A L IB R A T IO N

KEY WORDS
D E T A IL E D  R ESID UA L STR ES S  A N A L Y S IS . TA S K  11

R ES ID U A L STR ESS A N A L Y S IS ; C A L IB R A T IO N  T E S T S  OF R E S ID U A L  S TR ES S ; HOLE D R IL L ­
IN G -S T R A IN  GAGE METHOD;
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 301098* DATE 00 79

m

S Y N O P S IS
A BACKGROUND PAPER FOR TH E D E TE R M IN A TIO N  OF R E S ID U A L  S TR E S S  BY HOLE D R IL L IN G  
S TR A IN  GAUGE METHOD

tt**********************************#*****#*****#***#*************"**************

F I L E  P R IN TE D  BY F I L E  NUMBER

c

€-

I

i

t

C

t

F I L E  NUMBER 301137* D A TE  00  00

AUTHOR
K. L. JOHNSON & J .  A. J E F F E R IS ,

T I T L E
“P L A S IT C  FLOW & R E S ID U A L  S TR E S S E S  IN  R O L L IN G  & S L ID IN G  
C O N TA C TS ” <IN S TN . MECH. E N G R S .)

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TASK  10

DEFORM ATION; P L A S T IC  DEFORM ATION DUE TO  C Y C L IC  LO A D IN G ; F A IL U R E  IN  R O LLIN G  
CO N TACT; FR ACTUR E. F A T IG U E ; CO N TA CT S TR E S S ;

S Y N O P S IS
A D E S C R IP TIO N  OF HOW N O N-TH ERM ALLY IND UCED  SURFACE F A IL U R E  WHICH MAY PR O VID E  
CRACK I N I T I A T I O N  FOR SUBSEQUENT THERM ALLY INDUCED GROWTH AND F A IL U R E  IS  
PRODUCED

********»**#*•******•*•*•*•*■***#■**■*■»•*#■*■*•#■*•**■*•*»■**•****■*«■■#■***■****••*******#•*#■**#•**■*•*****



FILE PRINTED BY FILE NUMBER

AUTHOR
A. POP IS T A S  & D STOENESCU

T I T L E
"METHOD FOR MEASUREMENT OF CONTACT BETWEEN WHEEL AND R A IL "

FILE NUMBER 301146* DATE 00 NOV 81

KEY WORDS

WHEEL R A IL  DYNAMICS; BUCHAREST I N S T I T U T E  METHOD; M EASURING WHEEL S E T  W ITH  
NORMAL & FA LS E SPOKES; H O R IZ O N TA L, V E R TIC A L  FORCE

SYN O P S IS
NOT D IR E C TL Y  RELATED TO  TH E PROGRAM

******************** ******** ******** *************** ****************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301146* D A TE  0 0  NOV 81

AUTHOR
A. POP1S TAS & D STOENESCU

T I T L E
' "METHOD FOR MEASUREMENT OF CO N TACT BETWEEN WHEEL AND R A IL "

KEY WORDS

WHEEL R A IL  DYNAMICS; BUCH AREST I N S T I T U T E  METHOD; MEASURING WHEEL S E T  W ITH  
NORMAL & FA LS E SPOKES; H O R IZ O N TA L , V E R TIC A L  FORCE

S Y N O P S IS
NOT D IR E C T L Y  RELATED TO  TH E  PROGRAM

***************************************************************.********.*.*****.**



AUTHOR
I ,  Y. E L G IN D Y  & .C . A. SC IAMMARELA 

T I T L E
A N A L Y S IS  OF C Y C L IC  THERMAL AND R E S ID U A L  S TR E S S ES  IN  CH36  
WHEELS UNDER S E R IE S  OF SEVERE DRAG BRAKING

KEY WORDS
F I N I T E  ELEMENT A N A L Y S IS  S IM U L A TIO N . TA S K  10. CH36 WHEEL, CLASS U, CRACK 
PROPAGATION
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 301,147* . DATE 00 APR 81

STR ESS A N A LY S IS ; E L A S T O -P L A S T IC  BEHAVIOR OF M A TE R IA L ) THERMAL & R E S ID U A L  
STR ESS H IS T O R IE S ) DRAG BRAKING C YCLES ) R E S TA R T

S Y N O P S IS
F I N I T E  ELEM ENT A N A L Y S IS  DEM ONSTRATION (W IT H  TEM PERATURE DEPENDENT P L A S T IC  
P R O P E R TIE S ) TH A T R E P E T IT IO N  OF SEVERE DRAG BRAKE C Y C LES  CAN PRODUCE AN IN C R E­
M ENTAL INCREASE IN  R E S ID U A L S TR E S S  TO  L E V E L S  T H A T  WOULD CAUSE A CCELERATED  CRACK 
PROPAGATION DUE TO  THERMAL F A T IG U E

•iHHHHHUHt************-***********************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301248* D A TE  0 0  NOV 80

AUTHOR
S. KUMAR & R. MARGASAHAYAM

T I T L E
A PARAM ETRIC AND EX P ER IM EN TAL A N A L Y S IS  OF F R IC T IO N . CREEP 
AND WEAR FOR WHEEL AND R A IL  ON TAN G EN T TRACK

KEY WORDS

WEAR IN TER R ELA TED  W ITH  CREEP AND F R IC T IO N ) ROUGHNESS. TOUGHNESS. HARDNESS, 
WHEEL R A IL  S IM U L A TIO N . WEAR & LOAD

S Y N O P S IS
NOT D IR E C TL Y  A P P LIC A B LE TO  T H E  PROGRAM) GENERAL REFER ENCE PAPER ON WHEEL WEAR

*******************************************************************************



FILE PRINTED BY FILE NUMBER
- IL ~  NUMBER 301258* D A TE 00 60

AUTHOR
K . I 3 H I I . N. ODA, K. N IS H IO K A

T I T L E
WEAR OF H IG H -S P E E D  RAILW AY WHEELS

KEY WORDS

WHEEL WEAR; R O LLIN G  STOCK; R O LLIN G  CO N TA CT LOADS; CONTACT. PRESSURE; 
JAPANESE TECHNOLOGY

S Y N O P S IS
NOT D IR E C TLY  A P P LIC A B LE  TO TH E  PROGRAM; GENERAL REFERENCE PAPER ON WHEEL WEAR

**********************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1261* D A TE  00 79

AUTHOR
K. I I J I M A ,  T . KIGAW A, T . YOSHIM URA. K. KUROYANAGI

T I T L E
"R O LLIN G  CO N TACT F A T IG U E  F A IL U R E  OF BEAR IN G  S T E E L S , WHEEL 
S TR E E L S  AND CARBUR IZED  GEAR S T E E L S "  ( Q TR LY REPO R TS)

KEY WORDS

F A TIG U E  A N A L Y S IS ; F A T IG U E  BEHAVIOR OF BEAR IN G  S T E E L S ; H EAT TR EA TM EN T; R O LL­
ING CONTACT F A T IG U E  STRENG TH ;

S Y N O P S IS
P E R TIN E N T TO  WHEEL S H E LLIN G  F A IL U R E

******************************************************** **************«**********



F I L E  P R IN TE D  BY F I L E  NUMBER 

KILE NUMBER 301321* D ATE 00  82

...............  AUTHOR
M. R. JOHNSON & R. R. ROBINSON A J .  O PIN SK Y

T I T L E
R ES ID U A L S TR E S S  C A L C U L A TIN S  ON 33 IN CH  <838 mm) DIAM ETER ONE 
WEAR F R E IG H T  CAR WHEELS UNDER SIM . UNREL. HAND BRAKE COND.

KEY WORDS
F A IL U R E  MODEL, TASK 10

28-Sep-1984Page 43

WHEEL WEARi T E N S IL E  S TR E S S ES  IN  RIM  OF WHEEL; THERMAL LOAD FROM TREAD  
BRAKING; CRACKS ON RIM

S Y N O P S IS
AN ATTEM P T TO  D ETER M INE M AGNITUDE OF R E S ID U A L  STR ES S  CHANGE IN  "LOW S TR E S S " AND 
"H IG H  S TR E S S " WHEELS W ITH  TH E  SAME THERMAL IN P U TS

*******#*#***###***#********•*•#*#***•»•*•*•***■»■***■*■****■*■**■***■»■*■ *■*»■* *■**•*■ #■•#•***•***•***■*•*

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1331* D A TE  0 0  71

AUTHOR
KUN IO  N IS H IO K A  & Y. M O RITA

T I T L E
"TH E  STRENG TH  OF RAILR OAD  WHEELS (3RD  REPT. S TR E S S  A N A L Y S IS  
ON WHEELS S U B JE C TE D  TO  V E R T IC A L  AND L A TE R A L  FO R C E S ) JSM E

KEY WORDS
F I N I T E  ELEM ENT A N A L Y S IS , TA S K  10

WHEEL WEAR; R E A C TIO N S  BETW EEN WHEEL & R A IL ; STRENG TH  OF WHEEL; V E R TIC A L  
FORCRE ON TREAD, LA TE R A L ON FLANGE

S Y N O P S IS
E F F E C T  OF M ECHANICAL LOADS ON WHEEL E L A S T IC  S TR ESSES



PILE NUMBER 301333* 00

FILE PRINTED BY FILE NUMBER
DATE 76

AUTHOR
A. 0. G IL C H R IS T  & B. V. B R IC K LE

T I T L E
A R E -E X A M IN A TIO N  OF TH E  PRONENESS TO  D ER AILM EN T OF A RAILW AY  

W H E EL-S ET ,• (JO R . MECH. ENGR. S C IE N C E )

KEY WORDS

D ERAILM ENTS; R O L L IN G -C O N TA C T TH EO R Y; T A N G E N TIA L  FORCE TO  CREEPAGE & S P IN ; 
N A D A L 'S  C LA S S IC A L FORMULA

S Y N O P S IS
NOT D IR E C TL Y  A P P LIC A B LE TO  PROGRAM; GENERAL REFERENCE PAPER ON WHEEL D ER AILM EN T  
THEORY

♦fc********************************-******************************#**************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301334* D A TE 0 0  70

AUTHOR
K. N IS H  I  OK A & Y. M O R ITA

T I T L E
•‘TH E  STRENG TH  O F R A ILR O A D  WHEELS (2 N D  REPT. TH E  E F F E C T  OF 
WHEEL CONTOURS ON THERMAL S TR E S S ES  IN  W HEELS) USME

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TA S K  10. F . E. A. OF D IF F E R E N T  WHEEL D ES IG N S

WHEEL WEAR; TREAD BRAKE; THERMAL S TR E S S ES  IN  D IF F E R E N T  WHEEL D ES IG N S ; 
CRACKS A T  TREAD; R I G I D I T Y  OF FLAN G E

S Y N O P S IS
F I N I T E  ELEM ENT A N A L Y S IS  OF D IF F E R E N T  WHEEL D ESIG N S

**********************************************************************************
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FILE PRINTED BY FILE NUMBER
FILE NUMBER 301336* DATE 00 69

AUTHOR
K. N IS H IO K A  & Y. M ORITA

T I T L E
"T H E  STRENGTH OF RAILR OAD WHEELS (1 S T  REPT. THERMAL STR ESSES  
IN  D IS K  W HEELS)

KEY WORDS
f i n i t e  E l e m e n t  a n a l y s i s , t a s k s  6 & 10

WHEEL WEAR; TREAD BRAKE TO  WHEEL; R IM  TEM PERATURE R A IS E  
BRAKE T E S T S

S Y N O P S IS
AN EARLY F I N I T E  ELEM ENT A N A L Y S IS  PAPER

****************** ***************************************tt***********tt*********

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1346* D A TE  00  59

M. S. R IE G E L
AUTHOR

T I T L E
S TR E S S ES  IN  W R O U G H T-STEEL WHEEL RIM S AND T H E IR  R E L A TIO N  TO  
WHEEL L I F E

KEY WORDS
F I N I T E  ELEM ENT A N A L Y S IS . TASK  10

WHEEL WEAR; R E S ID U A L STR ES S ES  OF NEW W HEELS; S IM U L A TE D  S E R V IC E  S TR E S S ES ; 
WHEEL F A IL U R E S ; CONTROL

S Y N O P S IS
A PR ELIM IN A R Y A N A L Y S IS  OF R E L A TIN G  WHEEL R IM  S TR E S S E S  & WHEEL L I F E

»»*»**»«*********»**»«»»******«********«*«**«*#«««*»««*»««««**«**«««*«««**««*«*
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AUTHOR
CAMPBELL LAIR D

T I T L E
"MECHANISMS AND TH E O R IE S  OF F A T IG U E "

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301353* DATE 00 79

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TASK  10

F A T IG U E  A N A LY S IS ; C Y C L IC  DEFORM ATION 8e M ONOTONIC; D IS L O C A T IO N , CRACK 
I N I T I A T I O N ;  P L A S T IC  RUPTURE

S Y N O P S IS
A G EN ER IC BACKGROUND M A TER IA L FOR PHENOMENON AND MECHANISMS OF F A T IG U E

********************************************************** *********************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1 3 5 3 *  D ATE 00  79

AUTHOR
CAMPBELL L A IR D

T I T L E
"MECHANISMS AND T H E O R IE S  OF F A T IG U E "

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TA S K  10

F A TIG U E  A N A L Y S IS ; C Y C L IC  DEFORM ATION 8c M ONOTONIC; D IS L O C A T IO N , CRACK 
I N I T I A T I O N ;  P L A S T IC  RUPTURE

S Y N O P S IS
A G ENERIC BACKGROUND M A TER IA L FOR PHENOMENON AND MECHANISMS OF F A T IG U E

ct******************************************************************************



28-Sep-19B4Page 47

F I L E  NUMBER

F I L E  P R IN TE D  BY F I L E  NUMBER 

301361* . D A TE 0 0 . . 79

AUTHOR ' ,
P. ENGEL & C. ADAMS

T I T L E
R O LLIN G  WEAR STUD Y OF M IS A L IG N E D  C Y L IN D R IC A L  CO N TACTS

KEY WORDS

WEAR; M ISALIGNM ENT IN  C O N TA CT; R O LLIN G  WEAR T E S T E R ; P A R T IA L  S L IP . R IG ID  
BODY S L IP ; WEAR A N A L Y S IS

S Y N O P S IS
NOT D IR E C T L Y  A P P LIC A B LE TO  TH E  PROGRAM; GENERAL REFERENCE PAPER ON WEAR AND 
MICRO S L IP

**************•****■#•#****■**•»•#**■*•*#■»■**************■***•***■#•************************

F I L E  NUMBER

F I L E  P R IN TE D  BY F I L E  NUMBER 

3 0 1362* D A TE  0 0  76

AUTHOR
A. D. SARKAR

T I T L E
"R O LLIN G  R E S IS TA N C E . " WEAR O F M ETALS

KEY WORDS
WHEEL S H E LLIN G  A N A LY S IS

WEAR; LOW F R IC T IO N  OF R O LLIN G  ELEM EN TS ; S L IP / C R E E P  AND ENERGY LOSS;
SHAKEDOWN L I M I T ;  H Y S TE R E S IS

S Y N O P S IS
US EFUL FOR WHEEL S H E LL IN G  A N A L Y S IS

**«««**««*«««»«*«*»«*«***«««««*««««*««««***«**««««**«»»*«*«*«»«««*«*«***««»«**«



f
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FILE PRINTED BY FILE NUMBER
(

(

f

i

AUTHOR
FRANK A. M CCLINTOCK

T I T L E
"P L A S T IC  FLOW AROUND A CRACK UNDER F R IC T IO N  AND COMBINED  
S TR E S S "

KEY WORDS
F A IL U R E  MODEL, TASK 10

FILE NUMBER 301379* DATE 00 JUN 77

FRACTURE A N A LY S IS ; P L A S T IC IT Y  A T  CRACK T I P  IN  R A IL  HEAD; S L ID IN G , LO C K IN G . 
SQ UEEZIN G , UNLOADING

f
S Y N O P S IS

f  A CORRECTION FOR CRACK GROWTH IN  CO N TA CT S TR E S S  A FFE C TE D  ZONE

m

tf*******-*********#****************#********#**-#**************#*#*#-***#-********#

f
F I L E  P R IN TE D  BY F I L E  NUMBER

f r  F I L E  NUMBER 301399# D A TE 0 0  SEP 78

< G. LONG
AUTHOR

T I T L E
f  "WROUGHT WHEEL D E S IG N  FOR HEAVY AXLE LOAD U N I T  T R A IN

O P ER A TIO N " (H E A V Y  HAUL RAILW AY CONF. P R O C EE D IN G S )

€ KEY WORDS
F I N I T E  ELEM ENT A N A L Y S IS . TA S K  10

t ----------------------------------------------------- ----
WHEELS; ADVANCED WHEEL D E S IG N  FOR H IG H  AXLE LOAD; BOSS S TA M P IN G ; R E S ID U A L  
STR ESS & WROUGHT S T E E L

S Y N O P S IS
i  A F I N I T E  ELEM ENT BASED F A IL U R E  P R E D IC T IO N  FOR S TR A IG H T  P L A TE  WHEELS

t
( «*««*•********»***««**««*«*«*•********»•«***#######*##«###«*####«****««-»**•*#**
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 301400* DATE 00 SEP 78

L. G. KEMENY-
AUTHOR

T I T L E
"TH E  COM PUTERIZED M O N ITO R ING  OF RAILW AY WHEELS IN  M OTION  
(H EAVY HAUL RAILW AYS CONF. PR O CEEDIN G S)

NDE> TASK 14
KEY WORDS

FLAW D E TE C TIO N ! WHEEL F A IL U R E S  BY THERMAL S TR E S S  & CRACKS; AUTOMATED M ONI­
TOR IN  M OTION & D E R A IL IN G

S Y N O P S IS
R E L E IG H  WAVE METHOD FOR D E TE C TIN G  CRACKS AND R E S ID U A L STR ESS. A C TU A L SYSTEM  
MAY NOT BE IN  PLACE.

****■*****'***■**#******•)(•****«■*#*«■*#****•******************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1401* D A TE  00  SEP 82

C. SWENSON
AUTHOR

T I T L E
WHEEL WEAR ON H IG H  A D H ESIO N  LO CO M O TIVES

KEY WORDS

WHEEL WEAR! WHEEL CREEP CONTROL ON LO C O M O TIVES; AD H ESIO N  CO N D ITO N S Sc SAND; 
TREAD Sc FLANGE WEAR

S Y N O P S IS
BACKGROUND M A TER IA L FOR S H E LL IN G

***********************************************************************************
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file: number 301402*
FILE PRINTED BY FILE NUMBER

DATE 00 SEP 82
AUTHOR

R. D. F IN C H  & W. E. THOMFORD

T I T L E
"D ES IG N  FEA TU R ES  FOR O P ER TA IO N AL A C O U S TIC  S IG N A TU R E  
IN S P E C TIO N  OF RAILR OAD  WHEELS

KEY WORDS
NDE, TASK 14

S Y N O P S IS
AN A C O U S TIC  S IG N A TU R E METHOD FOR D E T E C T IN G  CRACKED WHEELS. SYSTEM  SEEMS TO  LACK  

S U F F IC IE N T  S E N S I T I V I T Y  AND DEVELOPM ENT -  IS  U N C ER TA IN  A T  T H IS  T IM E  (1 9 8 4 )

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1402* D A TE 00  SEP 82

AUTHOR
R. D. F IN C H  & W. E . THOMFORD

T I T L E
"D E S IG N  F EA TU R ES  FOR O P ER TA IO N A L A C O U S TIC  S IG N A TU R E  
IN S P E C TIO N  OF R A ILR O A D  WHEELS

KEY WORDS
NDE. TASK  14

S Y N O P S IS
AN A C O U S TIC  SIG N ATU R E METHOD FOR D E T E C T IN G  CRACKED WHEELS. SYSTEM  SEEMS T O  LACK  

S U F F IC IE N T  S E N S I T I V I T Y  AND DEVELOPM ENT -  I S  U N C ER TA IN  A T  T H I S  T IM E  (1 9 S 4 )

a-*********-************************************************ ***#**###**#■»**#*##*#
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AUTHOR
A. J .  OP INSKY

T I T L E
"RAILROAD WHEEL BACK RIM  FACE F A IL U R E S ; D ATA & A N A L Y S IS  
(2ND IN T L . HEAVY HAUL CONF. P R E-C O N F. PROCEED. )

KEY WORDS
F A IL U R E  MODEL. TASK 10, S TR A IG H T  P L A TE  D ES IG N , CLA SS B & C,

CRACK PROPAGATION & C A TA S TR O P IC  F A IL U R E

FILE PRINTED BY FILE NUMBER
rILE NUMBER 301403* DATE 00 SEP 82

S Y N O P S IS
<§ A COMPARISON OF PERFORMANCE OF WHEEL D ES IG N  AND REAR RIM  FA CE F A IL U R E S

«
m. tt»*#**#*#**tttt**#«#tt*****tttt*******tt#*tt»##*«tt«tt#*#**#*#tttttt«tf####*«###****#**»**»#

m
F I L E  P R IN TE D  BY F I L E  NUMBER

%  F I L E  NUMBER 3 0 1 4 0 4 *  D A TE  0 0  SEP 82

AUTHOR
^  V. ARONOV & M. PONS

T I T L E
f ,  TH E  WEAR MECHANISM OF TH E  RAILR OAD  WHEEL S T E E L  IN  TH E  FR EE

R O LLIN G  AND BRAKING C O N D ITIO N S

KEY WORDS

I --------------------- --------------------------------------------- —
WHEEL WEAR; WHEEL S T E E L  IN  FR EE R O LLIN G  8t BR A KIN G ; WEAR P A R TIC L E  FORM ATION  
SEM A N A L Y S IS

4
S Y N O P S IS

^  A BACKGROUND PAPER FOR S H E LL IN G  PHENOMENON AND F A T IG U E  F A IL U R E ; NOT D IR E C L Y
A P P LIC A B L E  TO  TH E  PROGRAM

c

**»«««#**««*«#«*««*««««*«««*««**«»««**««***««*«**«**********«*«««*«****«*******

l
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PILE P^iNTbU BY FILE NUMBER .
DATE 00 SEP 82

MOR
K. HLRAKA, K. ATOYAMA. E. S U ZUK I & A. HAMAZAKI

T I T L E
E F F E C TS  OF CHEM ICAL C O M P O S ITIO N  AND M ICRO STR UCTURE ON WEAR 
P R O P ER TIES  OF S T E E L S  FOR RAILR OAD WHEELS

KEY WORDS
M ATERIAL PR O P ER TIES , TASK 3

PR O PER TIES OF AN ALLOY WHEEL
S Y N O P S IS

S*^*************************************-*****************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301406* D A TE  00  SEP 82

AUTHOR
T. D E V IN E  St R. ALBER

T I T L E
WHEEL FLANGE WEAR T E S T  R E S U LTS  IN  HEAVY HAUL S E R V IC E

KEY WORDS

WHEEL WEAR; CARBON CO N TEN T REDUCED/THERM AL CRACKS; HARDNESS & FLAN G E WEAR; 
L U B R IC A TIO N , CURVES, SPEED

S Y N O P S IS
GENERAL BACKGROUND M A TE R IA L ; NOT D IR E C T L Y  A P P LIC A B L E  TO  TH E  PROGRAM

***-»*************-************-<*************************************************
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F I L E  P R IN TE D  BY F I L E  NUMBER

■ AUTHOR
H. ARAI

T I T L E
TH E O R E TIC A L  A N A L Y S IS  ON TH E  DYNAMIC C H A R A C T E R IS T IC S  OF 

. WHEELS

KEY WORDS

■ILE NUMBER 301409* DATE 00 82

DYNAM ICS A N A L Y S IS ; COUNTERMEASURES VS. N O IS E ; ROTARY IN E R T IA , SHEARING  
DEFORM ATION; R E S IL IE N C E

S Y N O P S IS
NOT D IR E C T L Y  R ELATED  TO  TH E  PROGRAM; GENERAL REFERENCE PAPER DN WHEEL DYNAMIC 
C H A R A C TE R IS TIC S

^  ***»*«*«*««*tt***««*«tt«****«#**«**«**#*tt»*«*»*««*«««***««*******tttttHHHHHt*««*»**«

m

€

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1415* D A TE  00  O CT B2

AUTHOR
L . ROZEANU & D. P N U E L I

T I T L E
TH E  MORPHOLOGY OF SURFACE DAMAGE CAUSED BY F R IC T IO N

m

€

%

k

KEY WORDS

F R IC T IO N , F R IC T IO N A L  H E A TIN G  ON S L ID IN G  SYSTEM S, SURFACE DAMAGE; 
MORPHOLOGY AS D IA G N O S TIC  TOOL

S Y N O P S IS
BACKGROUND M A TER IA L FOR S H E LL IN G  PROBLEM

**«*«**«****«««««««« »«**«*«*«««»««««»««*««««««*««««**««***«*«*«'«’««'»««***««*«*«*



FILE PRINTED BY FILE NUMBER
FILE NUM3ER 301423* DATE 00 82

AUTHOR
M. MUNJAL 8; M. HECKL

T I T L E
SOME MECHANISMS OF E X C IT A T IO N  OF A RAILW AY WHEEL

KEY WORDS

V IB R A TIO N ; RAILW AY WHEEL V IB R A T IO N ; LOAD ON RIM  AND ROUGHNESS A T  W H EEL/R A IL  
CONTACT; FR EQ UEN CIES

S Y N O P S IS
NOT D IR E C TL Y  A P P LIC A B LE  TO  TH E PROGRAM; GENERAL REFERENCE PAPER ON WHEEL 
V IB R A TIO N A L  C H A R A C TE R IS TIC S

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301431* D A TE  00  8 2

AUTHOR
T . J .  THOMAS, V. K. GARG, & S. N AIR

T I T L E
F A T IG U E  A N A L Y S IS  OF RAILW AY F R E IG H T  CAR WHEELS UNDER THERMAL 
LOAD IN G  C O N D ITIO N S

KEY WORDS
F A IL U R E  A N A L Y S IS , TASK 10

WHEEL WEAR; F A T IU G E  A N A L Y S IS ; F IN IT E -E L E M E N T  A N A L Y S IS ; K IN E M A TIC  HARDENING  
MODEL; THERMAL LOADS

S Y N O P S IS
A METHODOLOGY FOR P R E D IC TIN G  WHEEL F A IL U R E  FROM F I N I T E  ELEM ENT A N A L Y S IS

«***•******«********«*****«**«**»*«****»«*«************************************
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F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301434* D A TE 00 82

28-Sep-19B4
Page 55

AUTHOR
S. KUMAR. Y. ADENWALA, B. RAJKUMAR 

T I T L E
EXPER IM EN TAL IN V E S T IG A T IO N  OF CO N TACT S TR E S S ES  BETWEEN A 
U. S. LOCOM OTIVE WHEEL AND R A IL

KEY WORDS

CONTACT STR ESS A N A L Y S IS ; P L A S T IC IT Y  AND WEAR; W H EEL/R A IL  S IM U L A TIO N ; 
LABORATORY & F IE L D  R E S U LTS  COMPARED

I
S Y N O P S IS

§  BACKGROUND M ATERIAL' FOR S H E LL IN G  PROBLEM

9
************************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

•  F I L E  NUMBER 3 0 1 4 3 7 *  D A TE  00  SO

AUTHOR
£  J .  M. WANDRISCO & F. J .  DEWEZ

€

T I T L E
STUD Y OF TH E  D E F E C TS  T H A T  O R IG IN A T E  & DEVELOP IN  TH E  TREADS  
OF RR WHEELS DURING S E R V IC E  (P A P . NO. 6 0 - R R - l )

KEY WORDS
M A TER IA L P R O P ER TIES ; TASK 3

I  — -------------------------- ------------------ ----------------- ---
F A IL U R E  A N A L Y S IS ; WHEEL TREAD D E F E C T FO RM ATION ; S E R V IC E  D E F E C TS ; BRAKING  
D E F E C TS ; R O LLIN G  LOADS

€
S Y N O P S IS

4. E f f e c t s  o f  c a r b o n  c o n t e n t  a n d  h e a t  o n  w h e e l  t h e r m a l  c r a c k  f o r m a t i o n

t

 ̂ •*«*«»**»»««»«»«»»»»»»«**««»«««»**#**««««*««***«***«****««««***««**«««***«««*»*

(
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AUTHOR
W. S. LOVELACE;

T I T L E
STUDY OF RIM S TR E S S ES  R E S U L TIN G  FROM S T A T IC  LOADS ON 
D IF F E R E N T  3 6 - I N .  RR WHEEL D ES IG N S  (PAP . NO. 7 1 -R R -4 )

KEY WORDS

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301438* DATE 00 00

WHEEL WEAR; STRESS IN  RIM  S E C TIO N S ; WHEEL RIM  AND F A T IG U E  F A IL U R E S ; S T A T IC  
LOADS UP TO 7 5 ,0 0 0  LE.

SYN O P S IS
EA R LIE R  EXPER IM ENTAL STR ESS A N A L Y S IS

ft********#****#**********************************-*********************-*********

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301439* D A TE  00  69-

AUTHOR
G. E. NOVAK & B. J .  ECK

T I T L E
A THREE D IM EN S IO N A L F I N I T E  D IF F E R E N C E  S O L U TIO N  FOR TH E  TH ER ­
MAL STR ES S ES  IN  R A ILCA R  WHEELS (PAP . NO. 6 9 -R R -4 )

KEY WORDS

WHEEL WEAR; THERMAL S TR E S S  D IS T R IB U T IO N  FROM BRAKE; SHEAR S TR E S S ES ; THERMAL 
H IS TO R Y  OF WHEEL; F A TIG U E

S Y N O P S IS
EARLY F I N I T E  ELEM ENT A N A L Y S IS  OF WHEELS (E L A S T I C )

********************************************************************************



FILE PRINTED BY FILE NUMBER
FILE NUMBER 301440* DATE 00 67

AUTHOR
J .  P. BRUNER, R. D. JO N E S , S. LEV EY & J .  WANDRISCO  

T I T L E
E F F E C T  OF D ES IG N  V A R IA T IO N  ON S E R V IC E  S TR E S S ES  IN  RAILROAD  
WHEELS (PAPER NO. 6 7 -W A / R R -6 )

KEY WORDS

WHEEL WEARi S E R V IC E  BRAKING % LO A D IN G  S IM U L A TE D ; BR AKING, LO AD IN G  STR ES S ES ; 
F A TIG U E

S Y N O P S IS
O BSO LETE EARLY COMPUTER BASED STR ES S  A N A L Y S IS

*****************************************-********#*****************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1 4 4 1 *  D A TE 00  00

AUTHOR
M. S. R IE G E L . S. L EV Y  & J .  A. S L IT E R

T I T L E
A COMPUTER PROGRAM FOR D ETER M IN G  TH E  E F F E C T  OF D ES IG N  V A R IA ­
T IO N  ON S E R V IC E  S TR E S S E S  IN  RR WHEELS (P A P . NO. 6 5 -W A / R R -l)

KEY WORDS

WHEEL WEAR; WHEEL SHAPE & D IM EN S IO N S ; H E A T S TR ESS BY BRAKE SHOE F R IC T IO N ;  
L A TE R A L, TR A C TIO N A L  FORCES

S Y N O P S IS
O BSO LETE S TR ESS A N A L Y S IS

*******************************************************************************
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rIL.E NUMBER 301443*
FILE PRINTED BY FILE NUMBER

DATE 00
AUTHOR

L. A. PETERSON, W. H. GREEMAN, & J .  M. WANDRISCO  

T I T L E
MEASUREMENT AND A N A L Y S IS  OF W H E E L -R A IL  FORCES  
(PAPER NO. 7 1 -W A / R T -4

KEY WORDS
F A IL U R E  MODEL, TASK 10

DYNAMICS A N A L Y S IS ; LA TER A L & V E R T IC A L  FO RCES; PERFORMANCE S IG N A TU R ES  IN  
CURVES; A P P L IC A TIO N S

I
S Y N O P S IS

EXPERIM ENTAL D E TER M IN A TIO N  OF M ECHANICAL S E R V IC E  LOADS

*******************************************************************************
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c
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F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1 4 4 5 *  D A TE 00  72

AUTHOR
G. M. CABBLE

T I T L E
E F F E C T  OF WHEEL D IA M ETER  ON TREAD TEM PERATURE IN  GRADE 
O PER A TIO N  (PAPER NO. 7 2 -W A / R T -1 0 )

KEY WORDS
DYNAMOMETER T E S T IN G , TA S K  8

TEMPERATURE CONTROL; WHEEL S IZ E  AND TR EA D  TEM PERATURE; BRAKING ON GRADES; 
EQUIPM ENT & PROCEDURES

S Y N O P S IS
DYNAMOMETER STUDY OF WHEEL TEM PERATURE. U S E F U L BUT OLD IN S TR U M EN TA TIO N  
TECH N IQ UES

tt*-*.****************************************************************************



FILE PRINTED BY FILE NUMBER
FILE NUMBER 301446* DATE 00 72

AUTHOR
G. E. NOVAK & B. J .  ECK

T I T L E
ASYM M ETRICAL WHEEL S TR E S S ES  CAUSED BY S IM U LA TED  THERMAL AND 
MECHANICAL S E R V IC E  LOADS (PAPER NO. 7 2 -W A / R T -1 3 )

KEY WORDS
F I N I T E  ELEM ENT A N A LY S IS , TASK  10

STR ESS ANALYSIS,- WHEEL UNDER DRAG BR A KIN G ; OCTAHEDRAL SHEAR; STR ESS

S Y N O P S IS
EARLY F I N I T E  ELEM ENT A N A L Y S IS  -  (O B S O L E TE )

******************************* **************************************** ********

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301447* D A TE  00  73

AUTHOR
H. R. WETENKAMP

T I T L E
THERMAL S TR E S S ES  DEVELOPED IN  S P L A TE . S TR A IG H T  P L A TE , AND 
DEEP D IS H  WHEEELS

KEY WORDS
COMPREHENSIVE T E S T IN G  ON TRACK & DYNAMOMETER, TASK 6

S TR ESS A N A L Y S IS ; S U B JE C T IN G  WHEELS TO  BRAKING C Y C LES ; E L A S T IC  S TR ESS BY 
THERMAL LOAD; D ESIG N S

S Y N O P S IS
E F F E C T  OF WHEEL D ESIG N  ON E L A S T IC  THERM AL S TR E S S

*««*«»«*****««#*«*««»**«***«««***«*««*««««»**«*«**«««*«*’*«*««***««**«**««#*«*#«
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AUTHOR
G. E. NOVAK, W. U. KUCERA, & B. U. ECK 

T I T L E
E F F E C T  ON RIM T H IC K N E S S  ON WHEEL S TR E S S ES  CAUSED BY S IM U ­
LA TED  S E R V IC E  C O N D ITIO N S  (PAPER NO. 7 3 -W A / R T -1 0 )

KEY WORDS

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301448* DATE 00 73

S TR ESS A N A LY S IS ; WHEEL RIM S UNDER LOADS; OCTAHEDRAL S TR E S S  MAPPING; 
COMPUTED & S TR A IN  GAGE VALUES

EARLY FEA  PAPER -  (O B S O L E TE )
S Y N O P S IS

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301449* D A TE  00  75

AUTHOR
H. R. WETENKAMP 8t R. M. K IP P

T I T L E
HOT SPOT H E A TIN G  BY C O M P O S ITIO N  SHOES (PAPER NO. 7 5 -R T -2 )

F A IL U R E  MODEL, TASK 10
KEY WORDS

BRAKING; MEASURE HOT SP O TS ON WHEEL TREAD SURFACE; LOWER HOT SPOT L E V E L  BY  
C U TT IN G  SLO T ACROSS PAD

S Y N O P S IS
F IR S T  PAPER ON HOT SPOT PHENOMENON

a*«***««***#a*««**«~»*«**e«*»tt««#tt«**«« a************--*************#****#*********



FILE PRINTED BY FILE NUMBER
FILE NUMBER 301450# DATE 00 75

. AUTHOR
G. E. NOVAK, L . P. G R E E N F IE L D , 8, D. H. STONE

T I T L E
SIM U LATED  O PER A TIN G  S TR E S S E S  IN  2 8 - IN . D IAM ETER WHEELS

KEY WORDS
COMPREHENSIVE TRACK AND DYNAMOMETER T E S T IN G , TASK  6

STRESS A N A L Y S IS ; WHEEL D ES IG N S ; S IM U L A TE  V E R TIC A L , L A TE R A L , BRAKE SHOE 
FORCES; OCTAHEDRAL MAPPING

S Y N O P S IS
EARLY FEA PAPER CO N TR AS TIN G  S TR A IG H T  AND CURVED P L A TE  D ESIG N S

********************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 301451* D A TE 00  75

AUTHOR
G. E . NOVAK & B. J .  ECK

T I T L E
C Y C L IC  D IS T O R TIO N S  AND S TR E S S E S  IN  3 6 - I N .  WHEELS UNDER 
COMBINED S E R V IC E  LOADS

KEY WORDS

STR ESS A N A L Y S IS ; TERM PERATURE IN  WHEELS DUE TO  TREAD BRAKING, C Y C L IC  LOAD  
CO M BIN ATIO N S, D IS T O R T IO N

S Y N O P S IS
EARLY FEA  PAPER -  (O B S O L E TE  BU T U S E F U L )

«*«*«**«**««*««***««*****««*««««******««**««***«*«**#*««»*#*****«*«««#«*#«****«
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AUTHOR
0. E. NOVAK, G. E. DAHLMAN, B. J .  ECK, W. KUCERA 

T I T L E
THERMAL PA TTER N S IN  36 IN CH  F R E IG H T  CAR WHEEL DURING  
S E R V IC E  T E S T S

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301452* DATE 00 76

KEY WORDS
PRELIM INARY TRACK T E S T , TASK 5

STRESS A N A LY S IS , S E R V IC E  T E S T S  OF BRAKE SHOE FORCE, IN STRUM ENTED WHEELS, 
HEAT-FLO W  C H A R A C TE R IS TIC S

SYN O P S IS
CORRELATION OF WHEEL THERMAL PA TTER N S FROM F IE L D  T E S T  AND F I N I T E  D IF F E R E N C E  
CA LCU LA TIO N

*******************************************************************************

F I L E  P R IN TE D  BY F I L E  NUMBER

F I L E  NUMBER 3 0 1453* D A TE  00  77

AUTHOR
G. E. NOVAK & D. H. STON E

T I T L E
A COMPARISON OF TH E  S TR E S S  L E V E L S  IN  O N E-A N D -TW D  WEAR 36  IN . 
D IAM ETER WHEELS UNDER S IM U LA TE D  S E R V IC E  LOADS

KEY WORDS
F A IL U R E  MODEL, TA S K  10
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FILE NUMBER 301562* . DATE 00 NOV 76

FILE PRINTED BY FILE NUMBER

. AUTHOR
R. J. MCDONALD & R. I. MAIR

TITLE
WROUGHT STEEL RAILWAY WHEELS -  A BASIS FOR DEVELOPMENT
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KEY WORDS
MATERIAL PROPERTIES. TASK 3

WHEELS; ABRASION RESISTANCE; RESIDUAL STRESSES; THERMAL CRACKING; 
AUSTRALIAN TECHNOLOGY

SYNOPSIS
A FIRST ORDER APPROACH TO EXTENDING WHEEL LIFE BY INCREASING WEAR FRACTURE 
RESISTANCE AND ROLLING CONTACT DEFECTS
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FILE NUMBER 301563*

J. J. KALKER

FILE PRINTED BY FILE NUMBER

DATE 00

AUTHOR

00

TITLE
SURVEY OF WHEEL-RAIL ROLLING CONTACT THEORY

KEY WORDS

FRICTIONAL ROLLING CONTACT THEORY; HISTORICAL SURVEY; HERTZ THEORY; 
CREEPAGE & SPIN; LINEAR/NON-LINEAR

SYNOPSIS
IMPORTANT PAPER FOR SHELLING ANALYSIS
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AUTHOR -
A. RESILLON & A. LELUAN

TITLE
EFFECT OF THE DEVELOPMENT OF RESIDUAL STRESSES IN SOLID 
WHEELS ON WEAR

FILE PRINTED BY FILE NUMBER
FILE NUMBER 301566* DATE 00 NOV 75

KEY WORDS

WHEEL WEAR; RESIDUAL STRESSES; THERMAL FACTOR IN WEAR; FATIGUE CRACKS 
FORMED. DEGRADATION HISTORY

SYNOPSIS
BACKGROUND MATERIAL FOR REFERENCE; NOT DIRECTLY APPLICABLE TO PROGRAM

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER 301567* DATE 00 74

AUTHOR
V. K. GARG. SU. C. ANAND. & P. G. HODGE

TITLE
ELASTIC-PLASTIC ANALYSIS OF A WHEEL ROOLING ON A RIGID 

. TRACK

KEY WORDS

FINITE ELEMENT ANALYSIS; MODEL FOR ROLLING WHEEL; MINIMUM STRESS-RATE; 
STEADY STATE REACHED; SHAKE-DOWN DEMONSTRATED

SYNOPSIS
NON-HERTZIAN ANALYSIS OF ROLLING CONTACT
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FILE PRINTED BY FILE NUMBER

FILE NUMBER 301564* DATE 00 JUN 75
AUTHOR

E. PAHL

TITLE
CAUSES OF The groove FORMATION on the treads o f  wheels with 
BRAKE BLOCK AND THEIR PREVENTION

KEY WORDS

WHEEL WEAR; MELTING/1 REMOVAL OF FUSED WHEEL STEEL BY HEATi

SYNOPSIS
PAPER DEALS WITH REDUCING BRAKE SHOE METAL PICKUP ON WHEEL TREAD

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER 301565* DATE 00 UAN 75

AUTHOR
W. BROHL & P. BRINKMANN

TITLE
STRESSES IN THE TREADS OF RAILWAY WHEELS
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KEY WORDS

WHEEL WEAR! FRICTION, THERMAL STRESS, TENSILE STRESS WEARi

SYNOPSIS
USEFUL FOR SHELLING ANALYSIS
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AUTHOR
K. MITURA. P. MATUSEK & R. FAUA

TITLE
INTENSIVE BRAKING AS THE CAUSE OF THERMAL DAMAGING OF RAIL­
WAY WHEELS

"FILE PRINTED BY FILE NUMBER
FILE NUMBER 301569* DATE 00 JUL 81

KEY WORDS

WHEEL WEAR; EFFECT OF BRAKE BLOCKS WHEN BRAKING TREAD OF WHEEL; WHEEL LOCK­
ING; PETRIFICATION; PEARLITIC CEMENTITE;

SYNOPSIS
USEFUL METALLURGICAL DESCRIPTION OF METALLURGICAL CHANGES DUE TO BRAKING; 
A GENERAL PURPOSE BACKGROUND PAPER

******************************************************************************************

FILE PRINTED BY FILE NUMBER

FILE NUMBER B98. 9* DATE 00 OCT 73

AUTHOR
MEMBER ADMIN. OF THE OFC. OF RESEARCH 8t EXP. (ORE)

TITLE
GENERAL PROBLEMS CONNECTED WITH WHEELS AND THEIR ASSEMBLY; 
SOLID CAST-STEEL WHEELS OF DIFFERENT DIAMETER AND SHAPE

KEY WORDS
TTC TRACK TESTS. TASKS 5 & 6

WHEELS; BRAKED WHEEL HAULING RUNS; WHEEL TESTING MACHINE RESULTS; WHEELS 
OF DIFFERING DIAMETERS TESTED AND COMPARED; VEHICLES/COMPONENTS

SYNOPSIS
TRACK TESTING RESULTS WITH WHEELSETS APPLIED WITH LIMITED INSTRUMENTATION; 
MEASUREMENT OF PERMANENT WHEEL RIM DEFORMATIONS; COMPARISON OF THE RESULTS 
WITH THOSE OF TESTS CONDUCTED ON WHEEL TESTING MACHINE

a**********#*****************#*****************'* '********'********'*"*#*#*********'*
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FILE PRINTED BY FILE NUMBER
FILE NUMBER C300795* DATE 00 DEC 69

AUTHOR
R. P. HUBBARD

TITLE
CRACK GROWTH UNDER CYCLIC COMPRESSION

KEY WORDS

CRACK PROPAGATION! FATIGUE CRACK GROWTH UNDER COMPRESSIVE LOADING; FRACTURE 
MECHANICS MODEL STRESS INTENSITY

SYNOPSIS
LABORATORY INVESTIGATION OF FATIGUE CRACK GROWTH RATE UNDER CYCLIC COMPRESSION

FILE PRINTED BY FILE NUMBER

FILE NUMBER C53. 4« DATE 00 OCT 66

AUTHOR
MEMBER ADMIN. OF THE OFC. OF RESEARCH (ORE)

TITLE
BEHAVIOR OF THE METAL OF THE RAIL UNDER THE REPEATED ACTION 
OF THE WHEEL; RESIDUAL LONGITUDINAL STRESSES IN THE RAIL

KEY WORDS
DETAILED RESIDUAL STRESSES, TASK 11

WHEEL RAIL DYNAMICS; DETERMINE RESIDUAL STRESSES IN RAIL; HEAT EFFECTS; 
TRIMMING. COLD ROLLING, FATIGUE IN SERVICE

SYNOPSIS
BACKGROUND PAPER FOR RESIDUAL STRESS ANALYSIS (WITH SPECIAL REFERENCE TO RAILS)
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AUTHOR
OFC. FOR RESEARCH fe EXPERIMENTS (ORE)

TITLE
BEHAVIOR OF THE MEAL OF RAIL AND WHEEL IN THE CONTACT ZONE 
"RESIDUAL STRESSES IN THE RAIL (CONT. ) WORK HARDENED ZONE

KEY WORDS
RESIDUAL STRESSES. TASK II;

FILE PRINTED BY FILE NUMBER
FILE NUMBER C53. 6* DATE 00 OCT 70

RESIDUAL STRESS; WORK-HARDENING CHANGES' HYDROSTACK PRESSURE ZONE; FATIGUE 
CRACKS; RAIL CORRUGATIONS,

SYNOPSIS
STUDY OF RESIDUAL STRESS IN RAIL. REFERENCE MATERIAL FOR COMPREHENSIVE RESIDUAL 
STRESS ANALYSIS IN WHEELS.
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FILE PRINTED BY FILE NUMBER

FILE NUMBER C53. 9* DATE 00 OCT 73

AUTHOR
MEMBER ADMIN. OF THE OFC. OF RESEARCH & EXP. (ORE)

TITLE
BEHAVIOR OF THE METAL OF RAILS AND WHEELS IN THE CONTACT 
ZONE. GUEST. C53

KEY WORDS
FAILURE MODEL TASK 10; RESIDUAL STRESSES. TASK il

STRESS ANALYSIS, RESIDUAL RAIL STRESSES FROM PASSAGE WHEELS; FATIGUE 
PLASTIC DEFORMATION

SYNOPSIS
RESIDAUL STRESS ANALYSIS OF RAIL; FATIGUE DAMAGE AS A FUNCTION OF LOAD 
CONDITIONS
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FILE PRINTED BY FILE NUMBER

iLE NUMBER FRA 48/40* DATE 00 UUN 78
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AUTHOR
B. PAUL, & J. HASHEM

TITLE
USERS' MANUAL FOR PROGRAM CONFORM (CONFORMAL CONTACT STRESS 
PROBLEMS)

KEY WORDS

RAIL WHEEL INTERACTION. CONTACT STRESS. CONFORMAL CONTACT. ELASTICITY, 
NON HERTZIAN CONTACT. COMPUTER PROGRAM

SYNOPSIS
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FILE PRINTED BY FILE NUMBER

FILE NUMBER FRA 75/11* DATE 00 MAY 74

AUTHOR

TITLE
INSTRUMENTATION FOR MEASUREMENT OF FORCES ON WHEELS OF RAIL 
VEHICLES

KEY WORDS
PRELIMINARY TRACK TESTING. TASK 5;

INSTRUMENTED WHEEL; WHEEL STRESSES; WHEEL FORCES; FORCE MEASUREMENT,
SLIP RINGS

SYNOPSIS
REFERENCE MATERIAL FOR THE FABRICATION AND CALIBRATION OF INSTRUMENTED WHEELSETS 
CAPABLE OF MEASURING WHEEL/RAIL FORCES
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AUTHOR
C. S. CARTER & R. G. CATON

TITLE
FRACTURE RESISTANCE OF RAILROAD WHEELS

FILE PRINTED BY FILE NUMBER
FILE NUMBER FRA“757i2*' ' ~ . DATE- "OO "SEP 74 "

KEY WORDS
FAILURE MODEL, TASK 10

WHEEL WEAR; RAILROAD WHEELS; CARBON STEELS; FRACTURE MECHANICS; FRACTURE 
TOUGHNESS; FAILURE ANALYSIS

SYNOPSIS
THE MATERIAL PROPERTIES EVATLUATED IN THIS REPORT WILL BE USED IN THE W. F. M. 
PROGRAM. AN EXCELLENT REFERENCE MATERIAL FOR METALLURGICAL TEST PROCEDURES 
AND FAILURE ANALYSIS

***•» ***********■»■**■»■****#■*•#■*■#■***■**•*■#•*■&•#** «•«■*■***•»»*# * * * * * * * * * * * * * * * * - * * * * * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER FRA 75/12* DATE 00 SEP 74

AUTHOR
C. S. CARTER & R. S. CATON

TITLE
FRACTURE RESISTANCE OF RAILROAD WHEELS

KEY WORDS
MATERIAL PROPERTIES, TASK 3

RAILROAD WHEELS; CARBON STEELS; FRACTURE MECHANICS; FRACTURE TOUGHNESS; 
FAILURE ANALYSIS

SYNOPSIS
THE MATERIAL PROPERTIES EVATLUATED IN THIS REPORT WILL BE USED IN THE W. F. M. 
PROGRAM. AN EXCELLENT REFERENCE MATERIAL FOR METALLURGICAL TEST PROCEDURES 
AND FAILURE ANALYSIS
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AUTHOR
C. SCIAMMARELLA, M. PRESS, S. KUMAR, ET. AL.

TITLE
STUDY OF FRICTION AND CREEP BETWEEN STEEL WHEELS AND RAIL 

KEY WORDS

FILE PRINTED BY FILE NUMBER
F-b-E NUMBER FRA 76/271* DATE 00 JUL 76

TRACK/TRAIN DYNAMICS, FRICTION;

USEFUL IN SHELLING ANALYSIS

CREEP; ADHESION; 

SYNOPSIS

TRACTION; CONTACT ZONE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER FRA 76/272* DATE 00 UUL 76

AUTHOR
< K. C. KARAMCHANDANI, ET. AL.

TITLE
FRICTION-CREEP AND WEAR STUDIES FOR STEEL WHEEL AND RAIL 

KEY WORDS

CREEP; FRICTION; WEAR; ADHESION; RAILROAD ENGINE; WHEEL/RAIL FORCES, 
INTERACTION; METALLURGY

USEFUL IN SHELLING ANALYSIS
SYNOPSIS
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FILE PRINTED BY FILE NUMBER

FILE NUMBER. FRA 76/290* DATE 00 OCT 76 .
AUTHOR

K. NAGY & R. D. FINISH

TITLE
FEASIBILITY OF FLAW DETECTION IN RAILROAD WHEELS USING 
ACOUSTIC SIGNATURES

KEY WORDS
NDE TECHNIQUES, TASK 14

FLAW DETECTION; DEFECT DETECTION IN RAILROAD WHEELS; ACOUSTIC SIGNATURE; 
INSTRUMENTATION

SYNOPSIS
NDE TECHNIQUE FOR NDE OF CRACKED WHEELS. PROBABILITY OF SUCCESS IS QUESTIONABLE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER FRA 77/11* DATE 00 FEB 77

AUTHOR
R. R. KING, J. R. BARTON, & W. D. PERRY 

TITLE
STRESS'MEASUREMENTS IN RAILROAD WHEELS VIA THE BARKHAUSEN 
EFFECT

NDE TECHNIQUES, TASK 14
KEY WORDS

NONDESTRUCTIVE TESTING; RESIDUAL STRESS; BARKHAUSEN EFFECT; RAILROAD WHEELS

SYNOPSIS
THE FIRST ATTEMPT TO APPLY BARKHAUSEN TECHNIQUES TO RAILROAD WHEELS
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FILE PRINTED BY- FILE NUMBER

AUTHOR -
0. F. CARPENTER

T IT L E
THE CAUSE OF THERMAL F A T IS U E  CRACKING IN  M ETRO LINER WHEELS

FILE NUMBER- FRA 77/17* DATE 00 MAR 77

KEY WORDS
DYNAMOMETER TESTING, TASKS 4, 6, AND 8; FAILURE MODEL, TASK 10;

FATIGUE ANALYSIS: WHEEL WEAR, RESIDUAL THERMAL STRESSES; THERMAL CRACKING; 
MACROSTRUCTURE. MICRQSTRUCTURE

SYNOPSIS
DYNAMOMETER STUDY OF THERMAL CRACK INITIATION. (THIS DYNAMOMETER IS THE ONE NOW 
AT AAR)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

FILE PRINTED BY FILE NUMBER

FILE NUMBER FRA 77/50* DATE 00 NOV 77

AUTHOR
C. S. CARTER, R. G. CATON. J. L. GUTHERIE

TITLE
FRACTURE RESISTANCE AND FATIGUE CRACK GROWTH CHARACTERISTICS 
OF RAILROAD WHEELS AND AXLES

KEY WORDS
MATERIAL PROPERTIES. TASK 3

WHEEL WEAR; FRACTURE TOUGHNESS; FATIGUE CRACK GROWTH RATES; CARBON STEELS; 
RAILROAD AXLES; SUBCRITICAL FLAWS DETECTED

SYNOPSIS
MECHANICAL PROPERTIES FOR TOUGHNESS AND CRACK GROWTH HEREIN WILL BE USED IN 
PROGRAM. THE DEFINITIVE SOURCE OF WHEEL FRACTURE TOUGHNESS DATA

♦ t t * * * * * * * * * * * * * * * * * * * * * * * # * # # * * * * * * - * * * * * * * * * * * * * * * * # * * * * * * * * * * * * * * * * * * * * * * * * * * * -
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AUTHOR
B. PAUL & U. HASHEMI

FILE PRINTED BY FILE NUMBER
FILE NUMBER FRA 78/27* DATE 00 SEP 11

TITLE
U SER 'S MANUAL FOR PROGRAM COUNTACT (CO U N Terform al contACT 
STRESS PROBLEMS)

KEY WORDS

RAIL WHEEL INTERACTION; CONTACT STRESS; COUNTER-FORMAL CONTACT; ELASTICITY; 
NON-HERTZIAN CONTACT; COMPUTER PROGRAMS

SYNOPSIS
NON-HERTZIAN ELASTIC CONTACT STRESS SOLUTION CALCULATED CONTACT PATCH WITH A 
MORE ACCURATE REPRESENTATION OF SHAPE AND AREA THAN THE HERTZIAN CALCULATIONS 
YIELD; A GENERAL PURPOSE BACKGROUND PAPER

* * * * * * * * * * * * * * * * * * * * * * * w * * * * * * * * * * * - * * * * * * * * * * * * * * * * * * * * * * * * *  ■****•**•#•**••****■*•*****

F IL E  PRINTED BY F IL E  NUMBER

F IL E  NUMBER R -1 5 8 * DATE 0 0  MAY 74

D. H. STONE
AUTHOR

TITLE
RESIDUAL STRESSES IN THE PLATE F IL L E T S OF TWENTY-EIGHT-INCH 
DIAMETER WROUGHT STEEL WHEELS

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS. TASK 11

WHEELS; B -2 8  WHEEL AND PLATE CRACKING; BULK RESIDUAL STRESS EVALUATION 
FATIGUE

SYNOPSIS
USE OF A ISI METHOD TO DETERMINE BULK RESIDUAL STRESS
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FILE NUMBER R--167*
AUTHOR

FILE PRINTED BY FILE NUMBER
DATE 00 FEB 75.

D. H. STONE

TITLE
EXPERIMENTAL STRESS ANALYSIS OF LATERAL LOADS ON RAILWAY 
WHEELS

KEY WORDS

WHEEL WEAR, HUB-PLATE FILLETS OF RAILWAY WHEELS. THICKNESS AT RIM-PLATE 
DEPRESSION,

SYNOPSIS
OBSOLETE EXPERIMENTAL STRESS ANALYSIS, GENERAL PURPOSE BACKGROUND PAPER

*#*»««###*##«#*«*««««««#««»«*«*««»*«#«**»*«««««*«««««««««**«»*««#«*«##««#««#»*»

FILE PRINTED BY FILE NUMBER

FILE NUMBER R-268* DATE 00 FEB 77

AUTHOR
A. HOPPER. T. JOHNS, S. SAMPATH, R. STONESIFER

TITLE
WHEEL RESEARCH, VOLUME 1, ELASTIC STRESS ANALYSIS. ELASTIC 
FINITE-ELEMENT STRESS ANALYSIS OF RAIL CAR WHEELS

KEY WORDS
ELASTIC FINITE ELEMENT PROGRAM. TASK 10

WHEELSi FINITE ELEMENT ANALYSIS; ELASTIC STRESS ANALYSIS; HEAT TRANSFER 
ANALYSIS; CONTACT STRESS ANALYSIS

SYNOPSIS
ELASTIC FINITE ELEMENT PROGRAM
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FILE PRINTED BY FILE NUMBER

FILE NUMBER R-373* DATE 00 MAY. 79

Y: J .  PARK
AUTHOR - . ■

CYCLIC BEHAVIOR
TITLE

OF CLASS B WHEEL STEEL

MATERIAL PROPERTIES, TASK 3;
KEY WORDS

FAILURE MODEL, TASK 10

WHEELS; CLASS B WHEEL; LOW-CYCLE, FATIGUE, CYCLIC SOFTENING; STRESS,
STRAIN, FATIGUE LIFE

SYNOPSIS
ROOM TEMPERATURE DATA WILL BE USED IN TASK 3
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F IL E  PRINTED BY F IL E  NUMBER

F IL E  NUMBER R -3 7 4 *  DATE 0 0  JUN 79

M. K. KONG & D.
AUTHOR 

H. STONE

TITLE
ANALYSIS OF TWO FAILED WHEELS SUBMITTED BY THE NATIONAL 
RAILROAD PASSENGER CORPORATION ( AMTRAK)

FAILURE MODEL, TASK 10
KEY WORDS

WHEEL WEAR; FAILURE ANALYSIS; 
FORMATION; HYDROGEN FLAKES

CLEAVAGE FRACTURE AND SP LIT ; MARTENSITE

FAILURE ANALYSIS METHODOLOGY
SYNOPSIS
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FILE PRINTED BY FILE NUMBER

FILE NUMBER R-388* DATE 00 AUG 79
AUTHOR

T. J .  THOMAS & V. K. GARG 

TITLE
THERMAL FATIGUE ANALYSIS OF A RAIL CAR WHEEL UNDER DRAG 
BRAKING

KEY WORDS
FAILURE MODEL, TASK 10

WHEEL WEAR; FATIGUE L IF E ; THERMAL STRESSES; DRAG BRAKING; FINITE-ELEMNT 
METHOD; PLASTICITY;

SYNOPSIS
|  AN EARLY FATIGUE ANALYSIS MODEL
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F IL E  PRINTED BY F IL E  NUMBER

F IL E  NUMBER R -3 9 3 *

Y. J .  PARK

DATE 0 0  AUG 79

AUTHOR

TITLE
CYCLIC BEHAVIOR OF CLASS A WHEEL STEEL

KEY WORDS

t
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MATERIAL PROPERTIES, TASK 3

WHEEL WEAR; CLASS A WHEEL STEEL; STRESS, STRAIN, LOW-CYCLE FATIGUE; 
FATIGUE LIFE  OF WHEELS;

SYNOPSIS
GRADE OF STEEL NOT APPLICABLE TO PROGRAM; USEFUL REFERENCE PAPER ON CYCLIC 
PROPERTIES
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AUTHOR
A. J .  OP INSKY

TITLE
SEPTA WHEEL RESIDUAL STRESS INVESTIGATION

FILE PRINTED BY FILE NUMBER
FILE NUMBER R-411* DATE 00 FEB 80

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS, TASK 11

WHEEL WEAR; RESIDUAL STRESS; BACK RIM-PLATE FILLET; FRONT HUB-PLATE FILLET; 
RAILROAD WHEEL WEAR

SYNOPSIS
AN EXPERIMENTAL ANALYSIS USING A IS I TECHNIQUE
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F IL E  NUMBER R -4 6 7 *

F IL E  PRINTED BY F IL E  NUMBER

DATE 00  FEB 81

AUTHOR
T. J-  THOMAS, V. K. GARG, & D. H. STONE

TITLE
FATIGUE ANALYSIS OF RAILROAD FREIGHT CAR WHEELS UNDER THER­
MAL LOADING CONDITIONS

KEY WORDS
FAILURE MODEL, TASK 10

WHEEL WEAR; WHEEL LOADS (MECHNAICAL & THERMAL); WHEEL STRESSES AND TEMPERA­
TURES; FIN ITE ELEMENT ANALYSIS;

SYNOPSIS
AN EARLY FATIGUE ANALYSIS MODEL
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AUTHOR
A. J .  OP INSKY

TITLE
RAILROAD WHEEL BACK RIM FACE FAILURES. I . EXPEREINCE OF TWO 
RAILROADS OVER THE PERIOD 1 9 7 3 - i9 B l

KEY WORDS
FAILURE MODEL, TASK 10

FILE PRINTED BY FILE NUMBER
PILE NUMBER R-503* DATE 00 NOV SI

WHEEL WEAR, WHEEL FAILURES; WHEEL BACK RIM FACE FAILURES; RETARDER-INDUCED 
FAILURES

t
SYNOPSIS

|  IN ITIAL STUDY OF BACK-RIM THERMAL CRACKS
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f  F ILE  NUMBER 1 0 0 3 7 9 * DATE 0 0  7B

AUTHOR
ROBERT MARION KIPP. PH. D.

TITLE
f -  INVESTIOATIONS OF CRACK GROWTH IN RAILROAD CAR WHEELS CAUSED

BY THERMALLY INDUCED RESIDUAL STRESS CHG. & CYC. MEC. LOAD

f -  KEY WORDS
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WHEELS; WHEEL M ETALLURGY; CONTROL OF FR ACTUR E TOUGHNESS; D ES IG N  GEOMETRY; 
THERM AL/M ECHANICAL S TR E S S ES ; DYNAMOMETER

SYN O P S IS
A F I N I T E  ELEM ENT A N A L Y S IS  -  FR ACTUR E M ECHANICS APPROACH TO  P R E D IC T  WHEEL 
F A IL U R E  W ITH  DYNAMOMETER V E R IF IC A T IO N

*******************************************************************************

F I L E  P R IN T  S ELE C TE D  BY KEY WORD CRACK 

F I L E  NUMBER 3 0 1541*

AUTHOR
D. A. H IL L S  & D. W. ASHELBY

D A TE  0 0  JU N  79

T I T L E
A FRACTURE M ECHANICS APPROACH TO  R O LLIN G  C O N TA C T F A T IG U E

KEY WORDS

€

■i

<

FRACTURE A N A L Y S IS ; SUBSURFACE CRACKS & L IN E A R  E L A S T IC  FR ACTUR E M ECHANICS;

S Y N O P S IS
U S EFUL PAPER FOR A N A L Y S IS  OF S H E L L IN G

********************************************************************************
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: Y NUMBER YY i  :.* v>,Y> tjA  Pt. 'JY1 Nu /  / 6

AUTHOR
ft J .  M C D O N A L D  ■!< R .  I  M A IR

T IT L E
WROUGHT STEEL RAILW AY WHEELS -  A B A S IS  FOR DEVELOPMENT

‘■~LS PRINT SELECTED BY KEY UOUD CRACK

KEY WORDS
M ATER IAL PRO PERTIES, TASK 3

WHEELS; ABRASION R E S IS T A N C E ; R E S ID U A L  STRESSES; THERMAL CRACKING; 
AU STR ALIAN  TECHNOLOGY

SY N O PSIS
I A F IR S T  ORDER APPROACH TO EXTEN D IN G  WHEEL L IF E  BY IN C R E A S IN G  WEAR FRACTURE

R ESISTANCE AND R O LLIN G  CONTACT DEFECTS

*
#*#***#•**•#«#*****## &**#******£•#•»■■«■*-?<■•«■**•a**###*#*-*#-#-*'*#-***** *■*■*«■#•*#*■■«•#■&■#■

L
F IL E  P R IN T  SELECTED BY KEY WORD CRACK

F IL E  NUMBER 3 0 1 5 6 6 * DATE 0 0  NOV 75

l
AUTHOR

A. R E S IL LO N  & A. LELUAN

I
T IT L E

EFFECT QF THE DEVELOPMENT OF R E S ID U A L STRESSES IN  S O L ID  
WHEELS ON WEAR

t KEY WORDS

I ------- -------------------------------------------------- ■■-----
WHEEL WEAR; R E S ID U A L STRESSES; THERMAL FACTOR IN  WEAR, F A T IG U E  CRACKS 
-ORMED, DEGRADATION H ISTO R Y 

I
SY N O PS IS

|  GROUND 'M A TE R IA L FOR REFLriSW CE; NOT D X fiE C T L t APPl ICABuF. TO PROGRAM

-  ^ ■: i’-rf S v- * fH ? -*<• *  ,v ‘i -r :< !Hi  ̂-i-' -k1- ■*,i» l?#**** i?*tf «•■»»•»*■* ■>+■« ■»•» ifif
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f

. AUTHOR
(f R. P. HUBBARD

T I T L E
f  CRACK GROWTH UNDER C Y C L IC  COMPRESSION

FILE PRINT SELECTED BY KEY WORD CRACK

f FILE NUMBER C300795* - . . ' ■ DATE 00 DEC 69

f  KEY WORDS

c  ------- -— — —  ------------------------------------------------
CRACK PROPAGATION. F A T IG U E  CRACK GROWTH UNDER COM PRESSIVE LO A D IN G j FRACTURE  
M ECHANICS MODEL S TR E S S  IN T E N S IT Y

S Y N O P S IS
LABORATORY IN V E S T IG A T IO N  OF F A T IG U E  CRACK GROWTH R A TE UNDER C Y C L IC  COMPRESSION

| ****«'*****#»«***»*******«*»****»«**&»«««**«*««*«*«*«***********»****«*««**«**«#

F I L E  P R IN T  S ELE C TE D  BY KEY WORD CRACK

F I L E  NUMBER FRA 7 7 / 1 7 *  D A TE  0 0  MAR 77

AUTHOR
G. F . CARPENTER

T I T L E
TH E CAUSE OF THERMAL F A T IG U E  CRACKING IN  M ETR OLIN ER WHEELS

KEY WORDS
DYNAMOMETER T E S T IN G . TA S K S  4 . 6 , AND 8 ; F A IL U R E  MODEL. TA S K  10;

I --------- ---------- ------------- -------------------------------------
F A TIG U E  A N A L Y S IS ; WHEEL WEAR. R E S ID U A L  THERMAL S TR E S S ES ; THERMAL CRACKING; 
MACROSTRUCTURE, M ICROSTRUCTURE

S Y N O P S IS
(  DYNAMOMETER STUD Y OF THERMAL CRACK I N I T I A T I O N .  < T H IS  DYNAMOMETER I S  TH E  ONE NOW

A T  AAR)

i  * * • * * • « * * * * « * * # * # * # * • • * * * * * « * * * * * • * * « ' * • * » * • * * » * « * * « * * « * * * * ' * * * * * » * * • * * * * * * * » • * « «

(



’ ;.L~ NUMBER FRA 7 7 / 5 0 *  DATE 0 0  NOV 7 7

AUTHOR
C. S. CARTER. R. G. CATON, J. L. G U TH ER IE

T IT L E
FRACTURE R ES ISTAN C E AND F A T IG U E  CRACK GROWTH C H A R A C T E R IS T IC S  
OF R AILR O AD  WHEELS AND AXLES

KEY WORDS
M ATER IAL PRO PERTIES, TASK 3

28-Sep~-1984
P a g b 16

F i <_£ PRINT SELECTED BY KEY WORD CRACK

WHEEL WEAR; FRACTURE TOUGHNESS; F A T IG U E  CRACK GROWTH RATES; CARBON STEE LS; 
RAILRO AD AXLES; S U B C R IT IC A L  FLAWS DETECTED

SY N O PSIS
MECHANICAL PRO PERTIES FOR TOUGHNESS AND CRACK GROWTH H E R E IN  W IL L  BE USED IN  
PROGRAM. THE D E F IN IT IV E  SOURCE OF WHEEL FRACTURE TOUGHNESS DATA

E
**•******#*■*»**#*#*#**«»*****#*##»*#*#* *#******■***■»*****##**•»• ■*'«■*■» «■**■*#■*■* a-***###*

f

I

F IL E  P R IN T  SELECTED BY KEY WORD CRACK

F IL E  NUMBER R - 1 5 8 *  DATE 0 0  MAY 74

AUTHOR
D. H. STONE

T IT L E
R E S ID U A L STRESSES IN  THE P LA TE  F IL L E T S  OF T W E N T Y -E IG H T -IN C H  
DIAM ETER WROUGHT S TEE L WHEELS

KEY WORDS
D E T A ILE D  R ES ID U AL STRESS A N A L Y S IS , TASK 11

I --- ---------------------------------------------------------------
WHEELS; B - 2 8  WHEEL AND P LA TE  CRACKING ; BULK R E S ID U A L STRESS E V ALU ATIO N  
FATIG U E

I
SYN O PSIS

t  USE OF A I S I  METHOD TO DETERM INE BU LK R E S ID U A L STRESS

t

1 •»****•$********•*****«**•#****•#•*#•**#*****•*********
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F I L E  NUMBER 100542/60* . D A TE  00  SEP 82

AUTHOR
V; ARONOV & M. RONS

T I T L E
SECOND IN T L . HEAVY HAUL CONF. "T H E  WEAR M ECHANISM  OF TH E  
RAILR OAD WHEEL S T E E L  IN  TH E  FR EE R O LLIN G  & BRAKING COND. "

KEY WORDS
F A TIG U E  MODEL. TASK 10

28-Sep— 1984
Page 1

FILE PRINT SELECTED BY KEY WORD FATIGUE

WEAR MECHANISMS. M IC R O S L IP . CO N TACT AREA. A D H ESIO N  AREA. F R IC T IO N  
C O E F F IC IE N T . T R A N S IT IO N  FROM ONE WEAR MECHANISM TO  ANOTHER

SYN O P S IS
EXPER IM EN TAL IN V E S T IG A T IO N  O F WHEEL S T E E L S  ON A SMALL S CA LE WEAR R IG ; A 
REFERENCE PAPER FOR S H E LL IN G  & WEAR MECHANISMS

****************************************************************************************

F I L E  P R IN T  SELE C TE D  BY KEY WORD F A T IG U E

F I L E  NUMBER 2 0 1 0 4 7 *  D A TE  0 0  O C T 75

AUTHOR
S TANAKA & K. HATSUNO. ( E T .  A L . )

T I T L E
. F I F T H  IN TE R N A TIO N A L  W HEELSET CONGRESS. VOL. 2

KEY WORDS

W H EEL/R A lL; A X LES . LOAD F A T IG U E ; BEAR IN GS & S P EED ; H E A T R E F IN IN G ; 
IN S E P C TIO N  & M AIN TEN AN CE; ECONOMICS

GENERAL BACKGROUND REFERENCE
S Y N O P S IS

**#********«*«««****««*#**•***«**»*«*******•«******«*#«***********«*******#****



FiLS NUMBER 3 0 0 2 2 6 *  ' . DATE 0 0  SEP 78
AUTHOR

H. IC H IN O S E , J. TAKEHARA, N. IW A S A K I, M. UEDA 

T IT L E
"AN IN V E S T IG A T IO N  ON CONTACT F A T IG U E  AND WEAR R ES ISTAN C E 
BEHAVIOUR IN  R A IL  STEELS

KEY WORDS

2S-Se'p-1984
Page 2

FU.E PRINT SELECTED BY KEY WORD FAT I (SUE

F A TIG U E  A N A L Y S IS ; LOAD AND S L IP  IN FLU E N C ES ; M IC R O -O B S E R V A TIO N S  OF CRACK; 
RU BBIN O /D EFO R M ATIO N  OF CRACK SURFACE; P L A S T IC  FLOW

SY N O PS IS
A BACKGROUND PAPER FOR CONTACT F A T IG U E  AND S H E L L IN G  PROBLEM; 
JAPANESE TECHNOLOGY

;BHf*********-**̂ ****#**#-;H********w*'****************tf****************************

F IL E  P R IN T  SELECTED BY KEY WORD F A T IG U E

F IL E  NUMBER 3 0 0 4 3 6 *  DATE 0 0  8 0

AUTHOR
T. J . THOMAS, V. GARG, D. STONE

T IT L E
THERMAL F A T IG U E  A N A L Y S IS  OF A R A ILC A R  WHEEL UNDER DRAG 
BRAKING

KEY WORDS
F IN IT E  ELEMENT A N A L Y S IS , TASK 1 0 , C H 36 WHEELS

F A TIG U E  A N A L Y S IS , STRESSES FROM TEMPERATURE; DRAG BRAKING  AND C Y C LIC  
THERMAL LO AD IN G ; F IN IT E  ELEMNT A N A L Y S IS

SY N O PSIS  ■ ,
C y Cl. IC  THERMAL LO ADING  ON THE F A T IG U E  L IF E  OF C H 36 WHEEL WAS IN V E S T IG A T E D  BY 
F IN IT E  ELEMENT METHOD. CREEP P L A S 7  PROGRAM WAS USED TO E S T IM A T E  THE STRESS & 
S T R A IN  DEVELOPED IN  THE WHEEL

•a - 3 - » * * * « - * * * * * # f l . # * *  * «  « . r f i H H H H t * * * * * * *  K - * * * * * * * f t * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *



28-Sep-19B4
Page 3

(

AUTHOR
f  D. E. MOCHA- J .  W. JO N E S . D. M. CORBLY

T I T L E
f  ON TH E  V A R IA TIO N  OF F A T IG U E  -  CR AC K-O PEN IN G  LOAD W ITH

MEASUREMENT L O C A TIO N

f . KEY WORDS
F A TIG U E -C R A C K -O P E N IN G , C R A C K -T IP -O P E N IN G  LOAD

«  -------- ------------------------ ----- ------------- ----------

FILE PRINT SELECTED BY KEY WORD FATIGUE

f FILE NUMBER 300691* DATE 00 00

c
S Y N O P S IS

<£ LABORATORY IN V E S T IG A T IO N  OF D IS P LA C E M E N T-L O A D  BEHAVIOR FOR A F A T IG U E  CRACKED 
SPECIM AN

•
^  ««««***«*»««»#*««»»*«*««***«««-&«**««*«««*«*«*«*««*****««****«•«««*«*»«*****«'**«

m
F I L E  P R IN T  S ELE C TE D  BY KEY WORD F A T IG U E  

£  F I L E  NUMBER 3 0 0 8 2 4 *  D A TE  0 0  J U L  74

AUTHOR
€$ D. CANNON & R. A LLE N

T I T L E
f ,  TH E  A P P L IC A T IO N  OF FR ACTUR E M ECHANICS TO  RAILW AY F A IL U R E S

I
F A IL U R E  MODEL. TASK  10

KEY WORDS

FR ACTUR E, P R E -E X IS T IN G  D E F E C T, F A T IG U E  CRACKS, TO  Q U A N TIF Y  FR ACTUR E PROCESS  
IN V O LV IN G  CRACK PROROGATION T O  C A TA S TR O P H IC  F A IL U R E

S Y N O P S IS
(  A P P L IC A T IO N  OF FR ACTUR E M ECHANICS T O  R AILW AY F A IL U R E S  IN  A X LE S , WHEELS. R A IL S ,

TRUCK COMPONENTS E TC .

c
( «»*»*********»*«**«****«*»**«*«*•«*«*******»**•****»*«**•****»*********«*******
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FILE PRINT SELECTED BY KEY WORD FATIGUE
F I L E  N U M B E R  000875* .  D A T E  - 00 N O V  B O

AUTHOR
Y. J .  PARK i< D H. STONE

T I T L E
C Y C L IC  BEHAVIOR OF CLASS U WHEEL S TE E L

KEY WORDS
M ATERIAL PR O PER TIES, TASK 3

WHEEL METALLURGY; M A TE R IA L  P R O P ER TIES  UNDER C Y C L IC  LO A D IN G ; F A T IG U E  T E S T S ; 
SO FTEN IN G ; F A TIG U E ; L I F E

SYN O P S IS
f  PR O PER TIES OF CLASS U S T E E L S  A T  ROOM TEM PERATURE REPORTED IN  T H I S  PAPER W IL L  BE

USED IN  THE PROGRAM

r
****************************************************************************************

F I L E  P R IN T  SELE C TE D  BY KEY WORD F A T IG U E

F I L E  NUMBER 301020* D ATE 00  MAY 67

AUTHOR
J .  BRUNER, G. BEN JA M IN  & D. BENCH

T I T L E
§  A N A L Y S IS  OF R E S ID U A L, THERMAL AND LO A D IN G  S TR E S S ES  IN  A B33

WHEEL AND T H E IR  R E L A T IO N S H IP  TO  F A T IG U E  DAMAGE

i
F A IL U R E  MODEL, TASK 10

KEY WORDS

STRESS A N A LY S IS ; S IM U LA TED  LOAD IN G  C O N D ITIO N S ; STR ES S  P A TTE R N  AND F A T IG U E  
T E S T S  COMPARED; RIM H E A TIN G

4
S Y N O P S IS

| A PR ELIM IN AR Y IN V E S T IG A T IO N  OF LOAD IN G  8< THERMAL STR ES S ES  IN  A B -3 3  WHEEL

* * * * ' * « " * * * «  * * * « ■ * * ■ ■ « ■ * * * * * * *  * « * # * « » » * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  1 H H H H H H * * * * * * * * * *

(
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F I L E  NUMBER • 301045* D A TE 00 -JUN 81

FILE PRINT SELECTED BY KEY WORD FATIGUE

AUTHOR
A. IBRAHIM  & s: G IB R A IE L

T I T L E
EV A LU A TIO N  OF DYNAMIC LOAD CO M B IN A TIO N  F A T IG U E  DAMAGE

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TASK  10

F A TIG U E  A N A LY S IS ; F A T IG U E  DAMAGING C Y C LES ;

S Y N O P S IS
A GENERIC BACKGROUND PAPER FOR F A T IG U E  A N A L Y S IS

*******************************************************************************

F I L E  P R IN T  SELECTED  BY KEY WORD F A T IG U E

F I L E  NUMBER 3 0 1261* D A TE  00  79

AUTHOR
K. I I J I M A ,  T .  KIGAW A, T .  YOSHIM URA, K. KUROYANAGI

T I T L E
"R O L L IN G  CO N TA CT F A T IG U E  F A IL U R E  OF BEAR IN G  S T E E L S . WHEEL 
S TR E E L S  AND CARBUR IZED  GEAR S T E E L S "  (G T R L Y  R EPO R TS)

KEY WORDS

f a t i g u e  An a l y s i s , f a t i g u e  b e h a v i o r  o f  b e a r i n g  s t e e l s ; h e a t  t r e a t m e n t ; r o l l ­
i n g  CONTACT F A T IG U E  STR EN G TH ;

S Y N O P S IS
P E R TIN E N T  TO  WHEEL S H E L L IN G  F A IL U R E

*«****«*»*•*»*««**»*«****«***«*«*»»**»**«***«***«*«»**«*««*****«««******«**««**



N U M B E R  30353# '  D A T E  00 79

A U T H O R  . . .

C a m p b e l l  l a i r d

T I T L E
"MECHANISMS AND TH E O R IE S  OF F A T IG U E "

26—Sep-1984
Page 6

PRINT “.ELECTED BY KEY WORD FATIGUE

KEY WORDS
COMPREHENSIVE F A IL U R E  MODEL, TASK 10

F

t
F A TIG U E  A N A LY S IS ; C Y C L IC  DEFORM ATION & M ONOTONIC, D IS L O C A T IO N , CRACK 
I N I T I A T I O N ;  P L A S TIC  RUPTURE

S Y N O P S IS
A GENERIC BACKGROUND M A TER IA L FOR PHENOMENON AND MECHANISMS OF F A T IG U E

*•»**##****■****■*##**#*#**##*■#■*•**###**■*#*»#**##***#**#»****■#****■********«•***#•****

F I L E  P R IN T  S ELECTED  BY KEY WORD F A T IG U E

F I L E  NUMBER 301438* D A TE 00  00

AUTHOR
W. S. LOVELACE,

T I T L E
STUDY OF RIM S TR E S S ES  R E S U L TIN G  FROM S T A T IC  LOADS ON 
D IF F E R E N T  3 6 - I N .  RR WHEEL D ESIG N S (PAP. NO. 7 1 -R R -4 )

KEY WORDS

I. -------------------------------------------- ---------------------- —
WHEEL WEAR; STRESS IN  RIM S E C TIO N S ; WHEEL RIM  AND F A T IG U E  F A IL U R E S ; S T A T IC  
LOADS UP TO 7 5 ,0 0 0  LB.

I
S Y N O P S IS

( EA R LIE R  EXPER IM ENTAL STR ESS A N A L Y S IS

i

l.



F I L E  P R IN T SELECTED  BY KEY WORD F A T IG U E
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(  F I L E  NUMBER 301514* D A TE  09 DEC 82

• ' AUTHOR
f  J .  M. S T E E L E  & T . LAM

T I T L E
f  IM PROVING TH E  ACCURACY OF F A T IG U E  A N A L Y S IS

f  KEY WORDS
F A IL U R E  MODEL, TASK 10

(  --------- ---------- — ---- --- — — — --------- ------------ —
F A TIG U E  A N A LY S IS i L I F E  P R E D IC TIO N ; CRACK I N I T I A T I O N ;  LO CAL S TR E S S ES  8t 

I S TR A IN S ; LOAD C YCLES ; MEAN S TR ESS
€
I SYN O P S IS
%  SHORT SUMMARY OF S T R A I N -L I F E  F A T IG U E  C R ITE R IO N

i

C

€

€
I
t

F I L E  P R IN T  S ELECTED  BY KEY WORD F A T IG U E

F I L E  NUMBER 3 0 1536* D A TE  0 0  APR 76

AUTHOR
P. W. MARSHALL

T I T L E
PROBLEMS IN  L O N G -L IF E  F A T IG U E  ASSESSM ENT FOR F IX E D  OFFSHORE  
STR U CTU R ES

F A IL U R E  MODEL, TASK  10
KEY UORDS

F A T IG U E  A N A L Y S IS ; BURDEN OF R IS K  D ES IG N  C R IT E R IA  VS. EN V IR O N M EN TA L/S A FETY  
WELDED TUBULAR HOT SP O T S TR E S S . H IG H  C Y C LE  CORROSION. FR ACTUR E/SU RFACE  
CRACKS

S Y N O P S IS
C  A P P L IC A T IO N  OF S T R A IN  L I F E  F A T IG U E  -  NON R AILR O AD

c

( . *#*«****•**«***«**«****«***«*****«»«««*'*««*•***««»*<»*******«***•**«*#******«’••*
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PILE PRINT SELECTED BY KEY WORD FATIGUE
NUMBER 301554* DATE

AUTHOR
T . H. COLEMAN & D. J .  NAYLOR

T I T L E
A M ETALLU R G ICAL STUD Y OF TH E  FACTORS A F F E C TIN G  THERMAL 
F A TIG U E  CRACKING IN  RAILW AY WHEEL AND TY R E  S TE E L S

KEY WORDS
M ATERIAL PR O PER TIES, TASK 3

H EATIN G  & QUENCHING OF WHEEL RIM ; N U C LE A TIO N  & GROWTH OF THERMAL F A T IG U E  
CRACKS IN  S TE E L S

S Y N O P S IS
E F F E C T  OF DEFORM ATION AND ALLOY CO N TEN T ON THERMAL CRACKING S E N S I T I V I T Y  OF 
WHEEL S TE E LS

* *#*##*****#***#*****«#«#*»t##*#*##»t**#ft*#e*»****#****##**###*****************

F I L E  P R IN T  S ELE C TE D  BY KEY WORD F A T IG U E

F I L E  NUMBER 3 0 1 5 5 5 *  D A TE 00  00

AUTHOR
G. G. H E W ITT  & C. M USIOL  

T I T L E
TH E SEARCH FOR IMPROVED WHEEL M A TER IA LS

KEY WORDS
FA ILU R E  MODEL -  TASK 10

TREAD DAMAGE FROM BRAKE; LOCAL F A T IG U E  ENVIRONM ENT, HOT S P O T; IMPROVED 
M ATER IAL, S TR A IN ,

S Y N O P S IS
A N A LY S IS  OF DAMAGE DUE TO  HOT S P O TTIN G

*******************************************************************************
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f

AUTHOR
f  E. K IL B

T I T L E
f  WHEEL LOAD & WHEEL D IAM ETER FROM TH E P O IN T  OF VIEW  OF S TR E S S

ON TH E M A TE R IA L  IN  THEORY AND IN  P R A C TIC E

C  k e y  w o r d s

FILE PRINT SELECTED BY KEY WORD FATIGUE

( FILE NUMBER 301557* DATE 00 73

t -------- --------— — — -----------------------------------------
WHEEL WEARi CONTACT S TR E S S ES ; SMALL H IG H -S P E E D  WHEELS; F A T IG U E  STRENG TH ; 
CONTACT AREA DURING WEARING PROCESS

#
S Y N O P S IS

#  A GEN ER IC BACKGROUND PAPER FOR S H E L L IN G  PROBLEM

m.

^  *##***««**»******«»«****«««««*«*«*»#«*«««*«*»*«##««"»#*««»««'«*«»«««*#«««'«*«««***

«
F I L E  P R IN T  S ELE C TE D  BY KEY WORD F A T IG U E

c F I L E  NUMBER 301566* D A TE 0 0  NOV 75

f
AUTHOR

A. R E S IL L O N  & A. LELUAN

m
T I T L E

E F F E C T  OF TH E  DEVELOPM ENT OF 
WHEELS ON WEAR

R E S ID U A L S TR E S S E S  IN  S O L ID

t K EY WORDS

I -----— ------------------ ----------------- ---------------------
WHEEL WEAR; R E S ID U A L S TR E S S E S ; THERMAL FACTO R IN  WEAR; F A T IG U E  CRACKS 
FORMED. DEGRADATION H IS TO R Y

4
S Y N O P S IS

(  BACKGROUND M A TER IA L FOR R EFER EN CE; NOT D IR E C T L Y  A P P L IC A B L E  TO  PROGRAM

l

( *****«*#**«*«*******»«***«««*«**«««**««»«*«««*»««*#****•«**«*****»«*•*«»«****«•

(
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I

f

f

AUTHOR
R. P. HUBBARD

TLE PRINT SELECTED-BV KEY WORD FATIGUE
Il£ NUMBER C300795*

T I T L E
CRACK GROWTH UNDER C Y C L IC  COMPRESSION

DATE 00 DEC c>9

KEY WORDS

t

e

t

t

f

c

t

«

£

t

i

k

i

CRACK PROPAGATION; F A TIG U E  CRACK GROWTH UNDER COM PRESSIVE LO A D IN G ; FRACTURE  
MECHANICS MODEL STRESS IN T E N S IT Y

S Y N O P S IS
LABORATORY IN V E S T IG A T IO N  OF F A T IG U E  CRACK GROWTH R A TE UNDER C Y C L IC  COMPRESSION

******•*#*******#******•*****■**■*##■»•****■*#■«■»*#•*■**•»•»■*■*•**•#■*•**■*•**»*■***■ **********••»•»■*•**

F I L E  P R IN T  SELE C TE D  BY KEY WORD F A T IG U E  

F I L E  NUMBER C53. 6# D A TE 0 0  O CT 70

AUTHOR
OFC. FOR RESEARCH & EX P ER IM EN TS (O R E )

T I T L E
BEHAVIOR OF TH E  MEAL OF R A IL  AND WHEEL IN  TH E  CO N TA CT ZONE 
"R E S ID U A L S TR E S S ES  IN  TH E  R A IL  (C O N T. ) WORK HARDENED ZONE

KEY WORDS
R ESID UA L STR ESSES, TASK 11;

R ESID UA L STR ESS; W ORK-HARDENING CH A N G ES' HYDROSTACK PRESSURE ZONE; F A T IG U E  
CRACKS; R A IL  CORRUGATIONS,

S Y N O P S IS
STUDY OF R ES ID U A L STRESS IN  R A IL . REFERENCE M A TE R IA L FOR COM PREHENSIVE R E S ID U A L  
STRESS A N A LY S IS  IN  WHEELS.

* * * * ■ # • * » * * ■ * * * • * * ■  * ■ * # * * * * ■ # ■ * • * • & * •  * * - I H * * # # - «  * • * ■ * * * * * * * - > * * # # * * ■ * * * •  * • ■ » • * ■ * ■ * * : * ■ * * ■ £ * * ■ * * ■ » ■ » * ■ # ■ ■ « • ■ * '# • * * « • « • '# •
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F I L E  NUMBER C 5 3 . 9 *  . D A TE  0 0  O C T 7 3

FILE PRINT SELECTED BY KEY WORD FATIGUE

. AUTHOR
MEMBER A D M IN . OF T H E  OFC. OF R ESEARCH & E X P . (O R E )

T I T L E
B E H A V IO R  OF T H E  M E TA L OF R A IL S  AND W HEELS I N  T H E  CONTACT  
ZO NE, Q U EST. C 5 3

K EY WORDS
F A IL U R E  MODEL TA SK  1 0 ; R E S ID U A L  S T R E S S E S , TA S K  11

S TR E S S  A N A L Y S IS , R E S ID U A L  R A IL  S T R E S S E S  FROM PASSAG E W H EE LS , F A T IG U E  
P L A S T IC  D EFO R M A TIO N

S Y N O P S IS
R E S ID A U L  S TR E S S  A N A L Y S IS  OF R A IL ;  F A T IG U E  DAMAGE A S A F U N C T IO N  OF LOAD  
C O N D IT IO N S

*##*###»##**#**#****»*******•****■##*##***#******#*#***********#***#**#***#»**»*#

F I L E  P R IN T  S E L E C T E D  BY K E Y  WORD F A T IG U E

F I L E  NUMBER FR A  7 7 / 1 7 #  D A TE  0 0  MAR 7 7

AUTHOR
G. F . CAR PEN TER

T I T L E
TH E  CAUSE O F TH ER M A L F A T IG U E  C R A C K IN G  I N  M E T R O L IN E R  W HEELS

K E Y  WORDS
DYNAMOMETER T E S T IN G , TA S K S  4 ,  6 ,  AND 8 ;  F A IL U R E  M ODEL, T A S K  1 0 i

F A T IG U E  A N A L Y S IS ; W HEEL WEAR, R E S ID U A L  TH E R M A L S T R E S S E S ; TH E R M A L C R A C K IN G ; 
M ACROSTRUCTURE, M IC R O S TR U C TU R E

S Y N O P S IS
DYNAMOMETER S TU D Y  OF THERM AL CRACK I N I T I A T I O N .  ( T H IS  DYNAMOMETER I S  T H E  ONE NOW 
A T A A R ) '

##*•»*#*****##**#*##**#*#**»#**■»*«•#****#*##*»**#«**#**#***##**#*##**************
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PILE PRINT SELECTED BY KEY WORD FATIGUE
F IL E  NUMBER FRA 7 7 / 5 0 * DATE 0 0  NOV 7 7

AUTHOR
C. S. CAR TER / R. G. C A TO N , U. L . G U T H E R IE  

T I T L E
FRACTURE R E S IS T A N C E  AND F A T IG U E  CRACK GROWTH C H A R A C T E R IS T IC S  
OF R A IL R O A D  W HEELS AND A X L E S

K E Y  WORDS
M A T E R IA L  P R O P E R T IE S . TASK 3

WHEEL WEAR; FR A C TU R E TO UG HNESS; F A T IG U E  CRACK GROWTH R A T E S ; CARBON S T E E L S ;  
R A IL R O A D  A X LE S ; S U B C R IT IC A L  FLAW S D E TE C TE D

S Y N O P S IS
M E C H A N IC A L P R O P E R T IE S  FOR TO UG HNESS AND CRACK GROWTH H E R E IN  W IL L  BE USED IN  
PROGRAM. TH E  D E F IN IT IV E  SOURCE OF W HEEL FR A C TU R E  TO UG HN ESS DATA

**■*■*•»**#***#*•*******#•***»■*•***■•«•**•*#• «■«■** ******************************************

F I L E  P R IN T  S E LE C TE D  BY KEY WORD F A T IG U E

F I L E  NUMBER R - 3 7 3 *  D A TE  0 0  MAY 7 9

AUTHOR
Y . J . PARK

T I T L E
C Y C L IC  B E H A V IO R  OF C LA S S  B WHEEL S T E E L

K EY WORDS
M A T E R IA L  P R O P E R T IE S , TA S K  3 ;  F A IL U R E  M ODEL, TA SK  1 0

WHEELS; C LA SS B WHEEL; L O W -C Y C L E . F A T IG U E , C Y C L IC  S O F T E N IN G ; S T R E S S , 
S T R A IN . F A T IG U E  L IF E

S Y N O P S IS
ROOM TEM PER A TU R E DATA W IL L  BE U SED IN  TASK 3
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AUTHOR
T . J . THOMAS & V. K. GARG

FILE PRINT SELECTED BY KEY WORD FATIGUE
FILE NUMBER R-388* D A TE  0 0  AUG 7 9

T I T L E
THERM AL F A T IG U E  A N A L Y S IS  O F A R A IL  CAR WHEEL UNDER DRAG  
B R A K IN G

K E Y  WORDS
F A IL U R E  MODEL, TA SK  1 0

WHEEL WEAR; F A T IG U E  L I F E ;  TH E R M A L S T R E S S E S ; DRAG B R A K IN G ; F IN IT E -E L E M N T  
METHOD; P L A S T IC IT Y ;

S Y N O P S IS
AN E A R LY  F A T IG U E  A N A L Y S IS  MODEL

**tt«#«tt#*»*«««#**«tt*«tt»**##«***tt«'***««**tt***##**«**«»««#«#***»*e««#«**a#*****tf*

F I L E  P R IN T  S E L E C T E D  BY K EY WORD F A T IG U E  

F I L E  NUMBER R - 3 9 3 *

AUTHOR
Y . J . PARK

D A T E  0 0  AUG 7 9

T I T L E
C Y C L IC  B E H A V IO R  OF C LA S S  A W HEEL S T E E L

K E Y  WORDS
M A T E R IA L  P R O P E R T IE S , TA S K  3

WHEEL WEAR; C LA S S  A WHEEL S T E E L ; S T R E S S . S T R A IN . L O W -C Y C L E  F A T IG U E ;  
F A T IG U E .L IF E  O F W HEELS;

S Y N O P S IS
GRADE OF S T E E L  NOT A P P L IC A B L E  TO  PROGRAM; U S E F U L  R E FE R EN C E  PA PER  ON C Y C L IC  
P R O P E R T IE S

•#***•*»•**«**•«********«**»«»***»*« *«****«**«***#«««**«'**«{»*«*#»**«'**•***«****
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F I L E  NUMBER 1 0 0 5 4 2 / 7 1 *  D A TE  0 0  S EP 8 2

AUTHOR
D. G. B L A IN E

T I T L E
SENCOND IN T L .  H E A V Y  H A U L CONF. " E F F E C T  OF BRAKE E Q U IP M E N T  
UPON C A P A B IL IT Y  AND R O L L IN G  S TO C K  FOR H EA VY H A U L R O U TE S "

_  K EY WORDS
TTC TRACK T E S T S . TA S K S  5 ,  6 ,  7 ,  & 8

FILE PRINT SELECTED BY KEY WORD BRAKING

BRAKE E Q U IP M E N T B R A K IN G  R A T IO . BRAKE P IP E .  S T O P P IN G  AND GRADE H A N D L IN G  
A B IL IT Y ,  T R A IN  L E N G T H . T R A IN  S P A C IN G

S Y N O P S IS
E X C E L L E N T  REFER EN C E M A T E R IA L  FOR T R A IN  O P E R T A IO N , AAR & U IC  BR A K ES. GRADE  
B R A K IN G . ENERGY A B S O R P T IO N  & D IS S IP A T IO N

a******************************************************************************

F I L E  P R IN T  S E L E C T E D  BY K EY WORD B R A K IN G  

F I L E  NUMBER 2 0 0 1 9 0 *  D A T E  1 8  NOV 6 9

AUTHOR
. G. R. W EAVER. P . A. A R C H IB A L D . E . B. BRENNEMAN

T I T L E
IN V E S T IG A T IO N  O F T H E  TH ER M A L C A P A C IT Y  OF R A IL R O A D  W HEELS  
U S IN G  COBRA BRAKE SH O ES

K E Y  WORDS
LABORATORY S IM U L A T IO N  (F U L L  S C A L E  DYNAMOMETER B R A K IN G  W IT H  COBRA BRAKE  
SHOES Sc C A ST M E TA L BRAKE S H O E S ) R E S ID U A L  S T R E S S . T A S K S  6  Sc 7 ,

3 6  IN C H  CR W HEELS. TR E A D  CR A C KS. EMERGENCY STO P T E S T S

S Y N O P S IS
O B J E C T IV E  E V A L U A T IO N  O F 3 6  IN C H  CR W HEELS BRAKED W IT H  COBRA SHOES AND C A ST M E TA L  

S H O E S , WHEEL TR EA D  C Q N D IT O N S , M AC R O STR U C TU R E O F R IM ,  R E S ID U A L  S T R E S S  P A T T E R N S

«*•**•**•*•**••«****#«•*#««««•«*#**««##«««*««#«#«*««##******«•*•»•**«***»••»»»»
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AUTHOR
( L . BRAZZODURO, P. B R O ZZO , R. D E M A R T IN I,

T I T L E
l  6 T H  IN T L  W H EELSET CONG. " F IN A L  R E S U L TS  OF TH E  RESEA R C H  WORK

ON A NEW S O L ID  WHEEL A P T TO MOST S EV E R E  O PER. COND.

f  KEY WORDS
M A T E R IA L  P R O P E R T IE S , TASK 3 ,  U I C - R / 2  AND R / 6  S T E E L

r — ------------------ --------------------:------------ ----- ---------
( IT A L IA N  P R A C T IC E ) THERM AL C R A C K IN G  T E S T S , DRAG & STOP B R A K IN G  T E S T S

f
S Y N O P S IS

§  THERMAL C R A C K IN G  T E S T S , DRAG AND S TO P  B R A K IN G  T E S T S  ( U I C - R / 6  & 5  CR W H E E LS )
WERE PERFORMED TO IN V E S T IG A T E  R E S IS T A N C E  TO R E PE A TE D  TH ER M A L L O A D IN G .

§

28-Sep-1984Page 2
. FILE PRINT SELECTED BY KEY WORD BRAKING

) PILE' NUMBER 200256/1-4-* DATE 00 OCT ?B

********************************************************************************

c
F I L E  P R IN T  S E LE C TE D  BY KEY WORD B R A K IN G  

g -  F I L E  NUMBER 2 0 0 2 5 6 / 3 - 5 *  D A TE  0 0  O C T 7 8

AUTHOR
(  D. G. B L A IN E . F  J .  G R E JD A , & J . C. KAHR

T I T L E
f .  S IX T H  IN T L  W H EE LS E T CONG. "O P E R A T IO N  E N V IR O N M E N T  FOR NORTH

A M E R IC A N  F R E IG H T  T R A IN  W HEELS D U R IN G  S P E E D  & SLA C K  CON. BRAK

(  KEY WORDS
S E R V IC E  E V A L U A T IO N , T R A IN  BRAKE A P P L IC A T IO N  P R A C T IC E S  I N  U. S . TA S K S  5  & 6 ,

i ------------ ----- --------— ----------------------- ------------------
T R A IN  BRAKE A P P L IC A T IO N S , N E T B R A K IN G  R A T IO S , C O M P O S IT IO N  BRAKE S H O ES ,
T R A IN  SLA C K , A C C E L E R A T IO N , B H P /C A R  W HEELS

%
S Y N O P S IS

^  D IS C U S S IO N  OF BRAKE A P P L IC A T IO N  P R A C T IC E  I N  U. S . ; S U G G E S T IO N S  FOR O P T IM IZ IN G
T R A C T IV E  E F F O R T , F U E L  S A V IN G S  AND BRAKE SHOE WEAR , .

i

( *■»>■»**********«-::****************#************#********■)<•************************



P IL E  NUMBER 2 0 1 0 9 8 *  \  D A TE  0 0  JU N  5 0

AUTHOR
H. R. W ETENKAMP, 0 .  M. S ID E B O T T O M , H . J .  SCHRADER

T I T L E
TH E  E F F E C T  O F BRAKE SHOE A C T IO N  ON THERM AL C R A C K IN G  AND ON  
F A IL U R E  OF WROUGHT S T E E L  R A IL W A Y  CAR W HEELS

KEY WORDS
BRAKE DYNAMOMETER T E S T IN G . TA S K S  4 .  6 .  & 8

28—Sep—1984Page 3
FILE PRINT SELECTED BY KEY WORD BRAKING

LABORATORY T E S T S , STOP B R A K IN G . DRAG B R A K IN G . WROUGHT S T E E L  W HEELS. TH ER M A L  
CRACKS. R E S ID U A L  S T R E S S E S . FR A C TU R E . CARBON C O N T E N T . H E A T TR E A TM E N T . W HEEL  
D E S IG N

S Y N O P S IS
WROUGHT S T E E L  WHEELS S U B JE C T E D  TO A S E R IE S  OF LA B O R A TO RY T E S T S  SUCH A S STO P  
B R A K IN G  Sc DRAG B R A K IN G i S TU D Y  OF E F F E C T  O F CARBON C O N TE N T. H E A T TR E A TM EN T, 
WHEEL D E S IG N

************** «»«**«*»«*'iHt««***«*»*******«*«***«*«*««**«a**«********«******«***

F I L E  P R IN T  S E L E C T E D  BY K E Y  WORD B R A K IN G

F I L E  NUMBER 3 0 0 4 3 6 *  D A TE  0 0  8 0

AUTHOR
T . J . THOM AS, V . GARG. D . S TO N E

T I T L E
THERM AL F A T IG U E  A N A L Y S IS  O F  A R A IL C A R  W HEEL UNDER DRAG  
B R A K IN G

K E Y  WORDS
F I N I T E  ELEM EN T A N A L Y S IS , T A S K  1 0 ,  C H 3 6  W HEELS

F A T IG U E  A N A L Y S IS ; S T R E S S E S  FROM TE M P E R A TU R E; DRAG B R A K IN G  AND C Y C L IC  
THERM AL L O A D IN G ; F I N I T E  E LE M N T A N A L Y S IS

S Y N O P S IS
C Y C L IC  THERM AL L O A D IN G  ON T H E  F A T IG U E  L I F E  O F C H 3 6  W HEEL WAS IN V E S T IG A T E D  BY  
F I N I T E  E LE M E N T METHOD. CR EEP P L A S T  PROGRAM WAS U S E D  TO  E S T IM A T E  T H E  S T R E S S  &  
S T R A IN  D E VC LO PE D  I N  TH E  W HEEL

* * * * * * * » i M t * * » * * « t t « w « ^ « » * * * * * * * * * e * « « ' i H t * « * * « * * « « » « » * « * * * « * * * * * * * * « * * e * * * * « * « « ' * » *



26-Sep-1984
Page 4-

i I l . £  NUMBER 3 0 0 7 7 3 *  DATE 0 0  J U L  7 9

AUTHOR
H. A T A N V IR

T IT L E
TEM PERATURE R IS E  DUE TO S L IP  BETW EEN W HEEL AND R A IL  -  AN 
A N A L Y T IC A L  S O L U T IO N  FOR H E R T Z IA N  CONTACT«*»"•

? KEY WORDS
WHEEL R A IL  A D H E S IO N ; B R A K IN G  PERFO RM ANCE, S L IP P IN G  G E N ER A TES  H E A T , 
TEMPERATURE R IS E  IN C R E A S E  WHEEL AND R A IL  WEAR

PILE PRINT SELECTED BY ' ,EY WORD BRAKING

A P P L IC A B L E  TO WHEEL S H E L L IN G
S Y N O P S IS

f

*************■****#■#•#****'■*******************************************************

F I L E  P R IN T  S E L E C T E D  BY KEY WORD B R A K IN G

1 F I L E  NUMBER 3 0 1 0 0 1 * D A TE  0 0  FEB 7 7

r
AUTHOR

M. R. JO H N SO N , R. E . W ELCH, fc K. S. YEUNG

i
T I T L E

“ A N A L Y S IS  OF THERM AL S T R E S S E S  & 
RR WHEELS CAUSED BY S E V E R E  DRAG

R E S ID U A L  S T R E S S  CHANGES IN  
B R A K IN G  <JO R . ENG. FOR IN D >

t K E Y  WORDS
F I N I T E  ELEM EN T A N A L Y S IS  AND S IM U L A T IO N , TASK 1 0

S TR E S S  A N A L Y S IS ; THERM AL S T R E S S E S ; DRAG B R A K IN G ; H E A T IN G  FROM TR EA D  BRAKE; 
THERMAL CRACK GROWTH

S Y N O P S IS
F I N I T E  ELEM EN T D E M O N S TR A TIO N  O F TH E F O R M A T IO N  OF R E S ID U A L  S T R E S S E S  DUE TO BRAKE  
H E A T IN G . TH E  STANDARD BY W H IC H  E L A S T IC -P L A S T IC  F . E . A N A L Y S IS  ARE JUDGED

*******#*#***HHt******tt*;MHf*************tt*************************************«*
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t

(

f

f

:W

F I L E  NUMBER 3 0 1 4 0 4 *

•’ "  , AUTHOR
V. ARONOV & M. PONS

FILE PRINT SELECTED BY KEY > WORD BRAKING -
D A TE  0 0  SEP 8 2

■ ; T I T L E  ■
T H E  WEAR M E C H A N IS M  O F T H E  R A IL R O A D  WHEEL S T E E L  I N  TH E  FR E E  
R O L L IN G  AND B R A K IN G  C O N D IT IO N S

K EY WORDS , .

WHEEL WEAR,- WHEEL S T E E L  IN  FR E E  R O L L IN G  & B R A K IN G ; WEAR P A R T IC L E  F O R M A T IO N  
SEM A N A L Y S IS

- r. \
\

\

.-.'4 •
■Vi
II-

S Y N O P S IS
A 'BACKGROUND'-PAPER FOR S H E L L IN G  PHENOMENON AND F A T IG U E  F A IL U R E ; N O T D IR E C L Y  
A P P L IC A B L E  1 0  TH E PROGRAM

m

m

F I L E  P R IN T  S E L E C T E D  BY K EY WORD B R A K IN G  

F I L E  NUMBER 3 0 1 4 3 7 *

AUTHOR
J . M. W A ND R ISC O  Sc F . J .  DEWEZ

D A T E  0 0 6 0

; T I T L E
S TU D Y  OF TH E  D E F E C T S  T H A T  O R IG IN A T E  Sc D E VE LO P  I N  TH E  TR E A D S  
O F RR W HEELS D U R IN G  S E R V IC E  (P A P . NO. 6 0 - R R - l )

*

I

c

M A T E R IA L  P R O P E R T IE S ; TA S K  3
K E Y  WORDS

F A IL U R E  A N A L Y S IS ; WHEEL TR E A D  D E F E C T  F O R M A T IO N ; S E R V IC E  D E F E C T S ; B R A K IN G  
D E FE C TS ; R O L L IN G  LOADS

S Y N O P S IS
E F F E C T S  OF CARBON C O N TEN T AND H E A T  ON W HEEL TH ER M A L CRACK F O R M A T IO N

««**»•*»**«»»»*»*••**••****«*«***«•«•*•»«*•*•«.••.»»»#•••«*«*«••*•*•«•**•*•**•*•*
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F I L E  NUMBER 3 0 1 4 4 0 *  D A TE  0 0 -  .6 7

AUTHOR
J .  P. BRUNER, R. D. UONES, 3 . L E V E Y  & J . W ANDRISCO  

T IT L E
E F F E C T  OF D E S IG N  V A R IA T IO N  ON S E R V IC E  S T R E S S E S  IN  R A IL R O A D  
W HEELS (P A P E R  NO. 6 7 - W A /R R - 6 )

28-Sep-1984
Page 6

:-Ti_c. PRINT SELECTED BY KEY WORD BRAKING

KEY WORDS

WHEEL WEAR; S E R V IC E  B R A K IN G  & L O A D IN G  S IM U L A T E D - B R A K IN G , L O A D IN G  S T R E S S E S ; 
F A T IG U E

S Y N O P S IS
O B SO LETE EARLY COMPUTER BASED S T R E S S  A N A L Y S IS

S '* * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * -* * * * * -* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

F I L E  P R IN T  S E LE C TE D  BY KEY WORD B R A K IN G

F I L E  NUMBER 3 0 1 4 4 5 *  D A TE  0 0  7 2

G. M. CABBLE
AUTHOR

T IT L E
E F F E C T  OF WHEEL D IA M E T E R  ON TR EA D  TE M P E R A TU R E  IN  GRADE  
O P E R A T IO N  (P A P E R  NO. 7 2 - W A / R T - 1 0 )

KEY WORDS
DYNAMOMETER T E S T IN G , TASK 8

TEMPERATURE CONTROL- WHEEL S IZ E  AND TR EA D  TE M P E R A TU R E- B R A K IN G  ON GRADES; 
E Q U IP M E N T & PROCEDURES

S Y N O P S IS
DYNAMOMETER STUDY OF WHEEL TEM PER A TU R E. U S E F U L  BU T OLD IN S T R U M E N T A T IO N  
T E C H N IQ U E S

#*##############«#*#*###*#«#*#######■«•########*###*#***#**********##########****
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r

r

f

c
c

F I L E  NUMBER 3 0 1 4 4 6 *  D A TE  0 0  7 2

FILE PRINT SELECTED BY KEY WORD BRAKING

AUTHOR .
G. E. NOVAK & B. J .  ECK

T I T L E
A S Y M M E T R IC A L  W HEEL S T R E S S E S  CAUSED B Y S IM U L A T E D  TH ER M A L AND  
M E C H A N IC A L  S E R V IC E  LO A D S  (P A P E R  NO. 7 2 -W A /R T - 1 3 )

K E Y  WORDS
F I N I T E  ELEM ENT A N A L Y S IS , TA S K  1 0

S TR E S S  A N A L Y S IS ; W HEEL UNDER DRAG B R A K IN G ; O C TA H ED R A L SHEAR; S T R E S S

€

C
S Y N O P S IS

E A R L Y  F I N I T E  E LE M E N T A N A L Y S IS  -  (O B S O L E T E )

*********************************************************************************
■ -

€
F I L E P R IN T  S E L E C T E D  BY K E Y  WORD B R A K IN G

m F I L E NUMBER 3 0 1 4 4 7 *

AUTHOR

D A TE  0 0 7 3

m H. R. WETENKAMP

T I T L E
0 -  TH ER M A L S T R E S S E S  D E V E LO P E D  IN  S  P L A T E , S T R A IG H T  P L A T E , AND

DEEP D IS H  U H E E E LS

0  K E Y  WORDS
C O M P R E H E N S IV E  T E S T IN G  ON TRACK «c DYNAM OM ETER, TA S K  6

S T R E S S  A N A L Y S IS ; S U B J E C T IN G  W HEELS TO  B R A K IN G  C Y C L E S ; E L A S T IC  S T R E S S  BY  
THERM AL LOAD; D E S IG N S

S Y N O P S IS
(  E F F E C T  OF WHEEL D E S IG N  ON E L A S T IC  TH E R M A L S T R E S S

( ***«*«*««***•**«•»***#*««»*«*«****»««***«**««»«****«*•«*»*«****««******«*******

(



F IL E  NUMBER 3 0 i 4 4 9 *  . DATE 0 0  7 5

AUTHOR
H. R. WETENKAHP .?< R. M. K IP P  

T IT L E
HOT SPOT H EATIN G  BY C O M PO SIT IO N  SHOES (PAPER NO. 7 5 - R T - 2 )

28-SE‘p~19B4
Page 8

FILE PRINT SELECTED BY KEY WORD BRAKING

KEY WORDS
F A IL U R E  MODEL, TASK 1 0

B R A K IN G ; MEASURE HOT S P O TS  ON W HEEL TR EA D  S U R F A C E ; LOWER HOT SPO T L E V E L  BY  
C U T T IN G  S LO T ACROSS PAD

S Y N O P S IS
F IR S T  PAPER ON HOT S P O T PHENOMENON

«»***#*#***#»#**#****•*** *#***#*##*tt**tt***#*tt*#*#** *****#****•&*•»*•* ■#■***•* «•**■#■

F I L E  P R IN T  S E L E C T E D  BY K EY WORD B R A K IN G

F I L E  NUMBER 3 0 1 4 5 5 *  D A T E  0 0  8 3

AUTHOR
E . V . P IP L IN G  & P. B . C ROSLEY

T I T L E
THERMAL C R A C K IN G  OF R A IL C A R  W HEELS

K EY WORDS
M A T E R IA L  P R O P E R T IE S , TA SK  j

F A IL U R E  A N A L Y S IS ; R A D IA L  CRACKS A FT E R  B R A K IN G ; C O N T R O L L IN G  CRACKS, 
CRACK A R R EST; FR A C TU R E  TOUGHNESS

S Y N O P S IS



(

(

r
f

§

t

€

€

%

>

t

F I L E  P R IN T  S E LE C TE D  BY KEY WORD B R A K IN G

F I L E  NUMBER 3 0 1 4 5 6 *  D A TE  0 0  J U L  7 2

’ AUTHOR
M. H. LA R SO N , M. H. H U N TR E S S  & M. H A LE Y  

T I T L E
D IS T R IB U T IO N  O F H E A T BETW EEN WHEEL AND BRAKE SHOE

^  2B-Sep-1984Page 9

KEY WORDS
BRAKE SHOE H E A T IN G , TA S K  7

H E A T IN G  UNDER B R A K IN G  PRODUCES TH E R M A L C R A C KS, R E S ID U A L  S T R E S S ; WHEEL 
F A IL U R E ; S A FE TY

S Y N O P S IS
E V A L U A T IO N  OF H EAT D IS T R IB U T IO N  BETW EEN W HEEL AND SHOE

**************************************************************************************

F I L E  P R IN T  S E L E C T E D  BY K EY WORD B R A K IN G

F I L E  NUMBER 3 0 1 4 5 7 *  D A T E  0 0  J U L  7 2

AUTHOR
M. B. ECK it M. G. NOVAK

T I T L E
WHEEL S T R E S S E S  R E S U L T IN G  FROM S IM U L A T E D  S E R V IC E  DRAG B R A K IN G  
AND A S Y M M E T R IC A L  R A IL  L O A D IN G

K EY WORDS
F I N I T E  E LE M E N T A N L A Y S IS , TA S K  1 0

S T R E S S  A N A L Y S IS ; F I N I T E  E LE M E N T A N A L Y S IS ; TH E R M A L S T R E S S  UNDER B R A K IN G ; 
DRAG B R A K IN G ;

1
S Y N O P S IS

t  O B S O LE TE  E L A S T IC  F I N I T E  E LE M E N T A N A L Y S IS  PAPER

»****«******»****««*««****#«-»•«»«««»»*««********«»*«*«*«*««***«**********«**«*•

(
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D A TE  0 0

P R IN T  S ELE C TE D  BY KEY WORD B R A K IN G  

NUMBER 3 0 1 5 5 3 *

AUTHOR
J . L . VAN SWA A I J

T IT L E
THERMAL DAMAGE TO R A ILW A Y  W HEELS

KEY WORDS
" A IL U R E  MODEL, TASK 1 0 ; M A T E R IA L  P R O P E R T IE S , TA S K  2

00

SURVEY OF WHEEL D E FE C TS ; H E A T D U R IN G  B R A K IN G ; M E C H A N IS M S  O F D E FE C TS ; 
CHARACTER OF TH E DAMAGE

€

<

(

f

€

t

«

€

€

I

l.

I

t,

S Y N O P S IS
TH E C L A S S IC  PAPER ON WHEEL TH ER M A L C R A C K IN G

*******************************************************************************

F I L E  P R IN T  S E LE C TE D  BY KEY WORD B R A K IN G  

F I L E  NUMBER 3 0 1 5 6 9 *

AUTHOR
K. M IT U R A , P. M ATUSEK & R. F A J A

D A TE  0 0  J U L  8 1

T IT L E
IN T E N S IV E  B R A K IN G  AS TH E CAUSE OF TH ER M A L D A M A G IN G  OF R A IL ­
WAY W HEELS

K EY WORDS

WHEEL WEAR; E F F E C T  OF BRAKE E LO C K S WHEN B R A K IN G  TR EA D  OF W HEEL; W HEEL LO CK ­
IN G ; P E T R IF IC A T IO N ;  P E A R L 1TJ.C C E M E N T IT E ;

S Y N O P S IS
U S EFU L M E T A L L U R G IC A L  D E S C R IP T IO N  OF M E T A L L U R G IC A L  CHANGES DUE TO B R A K IN G ;
A GENERAL PURPOSE BACKGROUND PAPER

** a************************,;**** **** *******************************************
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F I L E  P R IN T  S ELE C TE D  BY KEY WORD B R A K IN G  

f F I L E  NUMBER R - 3 8 8 *  D A TE  0 0  AUG 7 9

AUTHOR
T . J . THOMAS & V . K. GARG 

T I T L E
THERM AL F A T IG U E  A N A L Y S IS  OF A R A IL  CAR WHEEL UNDER DRAG 
B R A K IN G

KEY WORDS
MODEL. TASK 1 0

I ------------------------------------------------------------------
WHEEL WEAR; F A T IG U E  L I F E ;  THERM AL S T R E S S E S ; DRAG B R A K IN G ; F IN IT E -E L E M N T  
METHOD; P L A S T IC IT Y ;

f
S Y N O P S IS

£  AN EA RLY F A T IG U E  A N A L Y S IS  MODEL

s

r

r

f
F A IL U R E

£  **«««»**##**#*#*«##«*«*****#*«*#*****«««»**«#*«#******#*«*«*««*«##*#««*«»«**««*

#

•  '

*

€•

C

t-

c

1

c





^ - S e p - 1 9 8 4  
Pa«je  i

F I L E  NUMBER 1 0 0 3 7 9 *  D A TE  0 0  .7 8

AUTHOR
ROBERT M A R IO N  K IP P ,  P H . D. ■

T I T L E
IN V E S T IG A T IO N S  O F CRACK GROWTH I N  R A IL R O A D  CAR W HEELS CAUSED  

BY TH E R M A LLY  IN D U C E D  R E S ID U A L  S T R E S S  CHG. & C YC. MEC. LO AD

K EY WORDS
F I N I T E  ELEM EN T S IM U L A T IO N S , TA S K  1 0 ,  3 3 "  C U R VED  P L A T E , C LA S S  U , S TR E S S  
A N A L Y S IS , LABORATORY S IM U A L T IO N S , T A S K  B , CRACK P R O P A G A T IO N .

FILE PRINT SELECTED BY KEY WORD STRESS

WHEEL S TR E S S ; THERM AL S T R E S S ; CRACK P R O P A G A T IO N , W HEEL WEAR L O A D IN G , 
METALLURGY

S Y N O P S IS
A P S E U D O -E L A S T IC  F I N I T E  E LE M E N T S IM U L A T IO N  O F DRAG B R A K IN G  C Y C L E S  P R E D IC T S  
DEVELO PM EN T OF R E S ID U A L  S T R E S S  AND CRACK S T R E S S  IN T E N S IT Y .  B U T N O T S E V E R E  ENOUGH  
TO  P R E D IC T  TH E DEGREE OF CRACK GROWTH I N  DYNAMOMETER T E S T S  OR E S P E C IA L L Y  I N  
S E R V IC E . P O S S IB L E  IN T E R A C T IO N  O F  H O T TH E R M A L S T R E S S E S  AND R A IL  LO AD S T R E S S E S  
C IT E D  AS CAUSE FOR D IS C R E P A N C Y

-a******************************* ************** *********************************

F I L E  P R IN T  S E LE C TE D  BY K EY WORD S T R E S S

F I L E  NUMBER 1 0 0 5 4 5 *  D A TE  0 0  7 8

AUTHOR
P . S T A N L E Y , A P P L IE D  S C IE N C E  P U B L IS H E R S  L T D

T I T L E
N O N -L IN E A R  PRO BLEM S I N  S T R E S S  A N A L Y S IS

K E Y  WORDS
M A T E R IA L  P R O P E R T IE S , TA S K  3 ,  F I N I T E  E LE M E N T  S IM U L A T IO N S

S T R E S S  A N A L Y S IS ; C R A C K -T IP  D E F O R M A T IO N ; P L A S T IC IT Y  C Y C L IN G ; CR EEP C O LL A P S E ; 
B IA X IA L  P L A S T IC  FLOW; TH ER M A L R A T C H E T IN G

S Y N O P S IS
SOME OF T H E  PA PER S C O N T A IN E D  I N  T H IS  BOOK T R E A T  M A T E R IA L  AND S T R E S S  A N A L Y S IS  
N O N -L IN E A R IT IE S  A S S O C IA T E D  W IT H  E L E V A T E D  TE M P E R A TU R E  CR EEP AND C Y C L IC  P L A S T IC IT Y  
T H A T  MAY H A VE GENERAL A P P L IC A B IL IT Y  TO  T H E  A N A L Y S IS  O F S T R E S S  CHANGES AND  
C R A C K IN G  O F WHEELS

tf***************************************************** »****«**»««*** **««**'«***«



o re

28-Sep~1984Page 2

P IL E  NUMBER 2 0 0 0 2 8 *  DATE 0 0  NOV 6 6

FILE PRINT SELECTED BY KEY WORD STRESS

AUTHOR
IG O R  L . PAUL h. R A N 3A N A TH  NAYAK  

T I T L E
S TR E S S  AND S T R A IN  I N  R O L L IN G  B O D IE S  IN  CONTACT

KEY WORDS
TREAD CONTACT S TR E S S ; TA SK  1 0

S TR E SS  & S T R A IN  A T CONTACT R E G IO N  O F R O L L IN G  S H E E L; WHEEL W IT H  NORMAL, L A T ­
ERAL S? T A N G E N T IA L  LOADS

S Y N O P S IS
OMPUTER S O L U T IO N  OF TWO S P H E R E S  OF S IM IL A R  M A T E IR A L  R O L L IN G  ON EA CH  O THER . 
E S U L T 5  NEED TO BE E XTE N D E D  TO TH E  C A SE O F WHEEL R O L L IN G  ON R A IL

**»■***»***■ •*#■#•# a-*##*-*-********-******************* *****************************

F IL E  P R IN T  S E LE C TE D  B Y K EY WORD S T R E S S

F I L E  NUMBER 2 0 0 1 9 0 *  D A TE  1 8  NOV 6 9

AUTHOR
G. R. W EAVER, F . A. A R C H IB A L D , E . B . BRENNEMAN

T I T L E
IN V E S T IG A T IO N  O F T H E  TH ER M A L C A P A C IT Y  O F R A IL R O A D  W HEELS  
U S IN G  COBRA BRAKE SH O ES

K E Y  WORDS
LABORATORY S IM U L A T IO N  (F U L L  S C A L E  DYNAMOMETER B R A K IN G  W IT H  COBRA BRAKE  
SHOES & CAST M ETAL BRAKE S H O E S ) R E S ID U A L  S T R E S S , TA S K S  6  & 7 ,

3 6  IN C H  CR W HEELS, TREAD CRACKS, EMERGENCY STOP T E S T S '

S Y N O P S IS
O B J E C T IV E  E V A L U A T IO N  OF 3 6  IN C H  CR W HEELS BRAKED W IT H  COBRA SHOES AND CAST M ETAL  

SHOES, WHEEL TR EA D  C O N D IT O N S , M ACRO STRUCTURE OF R IM , R E S ID U A L  S T R E S S  P A TTE R N S

**«•■*** ********** ********* *******************************************************
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F IL E  NUMBER 2 0 0 2 2 2 *  DATE 0 0  .0 0

PILE PRINT SELECTED BY KEY WORD STRESS

. AUTHOR
H IR O S H I TADA, PAUL C. P A R IS  & GEORGE R. IR W IN  

T IT L E
STRESS A N A L Y S IS  OF CRACKS HANDBOOK

KEY WORDS
CRACK PROROGATION, TASK 8 ,

STRESS A N A L Y S IS  ON CRACK PROBLEMS; FRACTURE M ECHANICS CO RRELATIO N PARAMETER 
COM PLIANCE C A L IB R A T IO N  A N A L Y S IS ; FU N C TIO N  A N A L Y S IS , P L A S T IC IT Y  A N A L Y S IS ; 
M A T E R IA LS  SC IEN C E

S Y N O P S IS
COMPREHENISVE SOURCE OF FORMULAS AND STRESS A N A L Y S IS  IN FO R M TAIO N  ON CRACK PRORO­
G ATIO N  THROUGH FRACTURE M ECHANICS C O RRELATIO N PARAMETERS AND CURRENT FRACTURE 
C R IT E R IA . CLOSED FORM AND NU M ER IC AL SO LU TIO N S.

F IL E  P R IN T  SELECTED BY KEY WORD STRESS

F IL E  NUMBER 2 0 0 2 5 6 / 1 - 2 *  DATE 0 0  OCT 7B

AUTHOR
A. S. BABB. D. S. H O D D IN O TT, D. J .  NAYLOR

T IT L E
S IX T H  IN T L . WHEELSET CONGRESS, "W HEELSET RESEARCH & DEVELOP­
MENT IN  THE B R IT IS H  STE E L CO RPO RATIO N1'

KEY WORDS
F IN IT E  ELEMENT A N A L Y S IS , R E S ID U A L  STRESSES, M A T E R IA L  P R O P ER TIES, TASKS 10 , 
6  St 3

3 6  IN . WROUGHT WHEELS, WHEEL D E S IG N S . M EC H AN IC AL STRUCTURAL LOADS, 
M ETALU R G IC AL S T U D IE S , THERMAL C R AC KIN G  BEH AVIO R

S Y N O P S IS
F IN IT E  ELEMENT A N A L Y S IS  OF TWO 3 6  IN C H  WHEELS SHOWS LOWER STRESSES IN  DOUBLE 
CURVED P LA TE  WHEELS THAN IN  S T R A IG H T  P LA T E  WHEELS. R E S ID U A L  STRESS D E TE R M IN A TIO N  
OF S E R V IC E  WHEELS. THERMAL CRACKING  BEH AVIO R  OF WHEEL S TEE LS IN  LABORATORY.

a * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * # * * * * * * * * * * * * * * * # * * * * * * * * * # * * * * * * * * * * * * '* * * * * * * * *



a a - S e .p - 1 9 8 4  
P a g e  4

~ :i_= NUMBER 2 0 1 1 0 9 *  DATE 0 0  DEC 7 6

AUTHOR
S. C. ANAND

T I T L E
SHAKEDOWN L 0 A D 5  IN  R O L L IN G  D IS K S , C Y L IN D E R S  AND SPH E R E S

~ii.E PRINT SELECTED BY KEY WORD STRESS'

WHEEL S H E L L IN G
KEY WORDS

S TR E S S  A N A L Y S IS ; F I N I T E  E LE M E N TS ; P L A S T IC  S T R E S S -S T R A IN  R E L A T IO N S ;  
S U B S TR U C TU R IN G  U N LO A D IN G  C R IT E R IA ;  E L A S T IC -P L A S T IC

S Y N O P S IS
|  U S EFU L PAPER FOR WHEEL S H E L L IN G

I
it* ***** ***************** ********************** ****************** ***************

F I L E  P R IN T  S E L E C T E D  BY K E Y  WORD S TR E S S  

c  F I L E  NUMBER 3 0 0 0 7 4 *  D A TE  0 9  S EP 7 2

AUTHOR
f  N. A. BERG & R. H. ALBER

T I T L E
§ : TR EA D  B R A K IN G  V ER S U S  T H E  WHEEL

« K EY WORDS

WHEEL TREAD PROBLEM S- S H E L L IN G  PHENOM ENA, WHEEL S T R E S S E S , S P A L L IN G , THERM AL  
LOAD DAMAGE T O  W HEELS, B R A K IN G

t
S Y N O P S IS

l  E X C E LL E N T P R IM E R  ON WHEEL THERM AL F A IL U R E

( ********************»***********)!**»*******************************************
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3 0 0 1 6 7 *  D A TE  0 0  6 4

AUTHOR
E . O LLE R TO N , PAPER 1 0 , PROC. IN S T N . MECH. ENGRS.

T I T L E
"S T R E S S E S  I N  TH E  CONTACT ZO N E "

FILE PRINT SELECTED BY KEY WORD STRESS

KEY WORDS

#  ' --------------------------------- :----------------------------------
C O N T A C T -S T R E S S  PROBLEMS; A D H E S IO N  I N  R A IL -W H E E L  C O N TA C T; F R O Z E N -S T R E S S  
P H O T O E L A S T IC  T E S T S . S U R FA C E  SHEAR S T R E S S  FROM T A N G E N T IA L  FO R C E S , CREEP OF 

f  R O L L IN G  B O D IE S , B E N D IN G  S T R E S S E S  I N  R A IL S .

S Y N O P S IS
# .  A P P L IC A B L E  TO S H E L L IN G  F A IL U R E S

^  *«*******«*««*«********#***««««*«««#***»**«&*****«******«******»*****»*******»*

m
F I L E  P R IN T  S E L E C T E D  B Y K E Y  WORD S T R E S S  

C * F I L E  NUMBER 3 0 0 3 0 8 *  D A TE  0 0  MAR 7 8

f  F I L E  NUMBER

r

r

f

AUTHOR
C  M. JA M ES & J .  COHEN

T I T L E
#  , PARS -  A P O R TA B LE  X -R A Y  A N A LY ZE R  FOR R E S ID U A L  S T R E S S E S

#  K E Y  WORDS
N D E. TA SK  1 4

t ------------------- -------------------------------------— -----------
X -R A Y  D E V IC E  FOR M E A S U R IN G  R E S ID U A L  S T R E S S E S ; P O R TA B LE  MEASURNG IN S T R U M E N T ; 
R E S ID U A L  S TR E S S  A N A L Y S IS ; P O S IT IO N  S E N S IT IV E  D ETEC TO R

1
S Y N O P S IS

4 ,  A P R IM E R  ON R E S ID U A L  S T R E S S  D E T E R M IN A T IO N  B Y X -R A Y  A N A L Y S IS

(

««**«*«««*****«**««*««*««*0*«**«tttf »#*««««««*«**»««**«***»•*****««***«•«*«*«**««c



m ~
n

FILE PRINT SELECTED BY KEY WORD STRESS
p ; l.E NUMBER 3 0 0 4 3 6 *  DATE -00 8 0 .

AUTHOR
T. J . THOMAS, V. GARG, D. STONE 

T IT L E
THERMAL F A TIG U E  A N A L Y S IS  OF A R A ILC A R  WHEEL UNDER DRAG 
BRAKING

KEY WORDS
F IN IT E  ELEMENT A N A L Y S IS , TASK 1 0 , C H 36 WHEELS

F A TIG U E  A N A L Y S IS ! STRESSES FROM TEMPERATURE; DRAG BR A KIN G  AND C Y C LIC  
THERMAL LO AD IN G ; F IN IT E  ELEMNT A N A L Y S IS

S Y N O P S IS
C YC LIC  THERMAL LO AD IN G  ON THE F A T IG U E  L IF E  OF C H 36 WHEEL WAS IN V E S T IG A T E D  BY 

IN IT E  ELEMENT METHOD. CREEP PLA ST PROGRAM WAS USED TO E S TIM A T E  THE STRESS & 
T R A IN  DEVELOPED IN  THE WHEEL

»*******■****•»■■»■»*****»******» »«■*«**■■»■***»**»***»***»****»*#»»«**#**»*»***

F IL E  P R IN T  SELECTED BY KEY WORD STRESS

F IL E  NUMBER 3 0 0 8 4 3 *  DATE 0 0  7 7

AUTHOR
C. FREDER IC K, D. CANNON, S. NEWTON 

T IT L E
DYNAMIC R A IL  STRESSES DUE TO WHEEL F LA T  IM PACT 

KEY WORDS

W HEELFLATS CAUSE R A IL  FRACTURE; W HEELFLAT IM PAC T STRESSES; R A IL  DEFECTS 
AND F IN A L  FRACTURE; IM PACT FORCE

A P P LIC A B LE  TO S H E L L IN G  PROBLEM
S Y N O P S IS

»*»■»*****«.*****&****•»*»*************•**#********■>**************** ***************
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f FILE PRINT SELECTED BY KEY WORD STRESS
f  F I L E  NUMBER 3 0 0 8 6 8 * D A TE  0 0  NOV 8 0

t
AUTHOR

S. KUMAR fe B. RAJKUMAR

T I T L E
f  LABORATO RY IN V E S T IG A T IO N  O F WHEEL R A IL  CONTACT S T R E S S E S  FOR

U. S. F R E IG H T  CARS

« K EY WORDS

I ------- --------------------------------------- --------------------
S TR E S S  A N A L Y S IS ; WHEEL R A IL  D Y N A M IC S ; C O N TA C T S T R E S S  AND TRACK D E G R A D A T IO N  
S IM U L A T IO N  F A C IL IT Y ;  F R E IG H T  CAR S T R E S S  L E V E L S ;

#
S Y N O P S IS

£  A P P L IC A B L E  TO S H E L L IN G  PROBLEM

£  ***#*«**««**«*»*#.«*««#«*.««*#*#*#**'»*****««'«»«**«*««**«*«*****#««*«****##*****«*

£
F I L E  P R IN T  S E L E C T E D  BY KEY WORD S TR E S S  

£  F I L E  NUMBER 3 0 1 0 0 1 *  D A TE  0 0  FEB  7 7

AUTHOR
£  M. R. JOHNSON, R . E . W ELCH. & K. S . YEUNG

T I T L E
£  " A N A L Y S IS  OF THERM AL S T R E S S E S  & R E S ID U A L  S T R E S S  CHANGES IN
, RR W HEELS CAUSED B Y S E V E R E  DRAG B R A K IN G  (J O R . ENG. FOR IN D )

£  K E Y  WORDS
F I N I T E  E LE M E N T A N A L Y S IS  AND S IM U L A T IO N , TA S K  1 0

t --------------------------------------- ---------_______--- ------------
S TR E S S  A N A L Y S IS ; TH ER M A L S T R E S S E S ; DRAG B R A K IN G ; H E A T IN G  FROM TR E A D  BRAKE; 
THERM AL CRACK GROWTH

£
S Y N O P S IS

C F I N I T E  E LE M E N T D E M O N S TR A TIO N  OF T H E  F O R M A T IO N  O F R E S ID U A L  S T R E S S E S  DUE TO BRAKE
H E A T IN G . TH E  STANDARD BY W H IC H  E L A S T IC -P L A S T IC  F , E . A N A L Y S IS  ARE JU D G ED

1 « *« *« « « ***« **« « **» ******» **« **« « » *« « ***» » **» *« '*» » ***» ***» *» ****» *» » *« « **» *« **» *

(



f i l e  p r i n t  s e l e c t e d  b y  k e y  w ord  s t r e s s

F IL E  NUMBER 3 0 1 0 0 3 *  DATE 0 0  MAY 6 7

AUTHOR
JOSEF MATHAR

T IT L E
"D E T E R M IN A T IO N  OF I N I T I A L  STRESSES BY MEASURING THE DEFORMA­
T IO N  AROUND D R IL L E D  HO LES"

KEY WORDS

R E S ID U A L STRESS A N A L Y S IS ; D IS TU R B  AREA OF STRESS E Q U IL IB R IU M  AROUND D R IL L E D  
HOLE DETERMINES INHERENT STRESSES IN  C A S TIN G

SY N O PS IS
AN EXCELLENT BACKGROUND PAPER FOR THE B A S IS  OF HOLE D R IL L IN G  TECHNIQ UE FOR 
R E S ID U A L STRESS D ETER M IN ATIO N

. *******************************************************************************

F IL E  P R IN T  SELECTED BY KEY WORD STRESS

F IL E  NUMBER 3 0 1 0 0 6 *  DATE 0 0  MAY 7 6

AUTHOR
S. N IS H IM U R A  & K. TO KIM ASA

T IT L E
“ STUDY OF THE R E S ID U A L  STRESSES IN  R AILR O A D  S O L ID  WHEELS AND 

T H E IR  EFFEC T ON WHEEL FRACTURE (B U L . OF THE JS M E ) VOL. 1 9

KEY WORDS
F A IL U R E  MODEL, TASK 10

WHEEL STRESS; WHEEL T E S T IN G  M AC H IN E ; WHEEL FRACTURE ANALYZED BY L IN E A R  
FRACTURE M ECHANICS; R E S ID U A L T E N S IL E  STRESS IN  R IM

SY N O PS IS
A D E F IN IT IV E  WORK ON C O M BIN IN G  R E S ID U A L  STRESS STATE AND FRACTURE M ECHANICS 
DATA TO P R E D IC T  WHEEL F A IL U R E

*******************************************************.************************
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F I L E  NUMBER 3 0 1 0 1 6 *  DATE 0 0  J U L  7 6

AUTHOR
. E. BEANEY'

T IT L E
ACCURATE MEASUREMENT OF R E S ID U A L  STRESS ON ANY STE E L U SIN G  
THE CENTRE HOLE METHOD

KEY WORDS
D E T A IL E D  R E S ID U A L STRESS A N A L Y S IS , TASK 11

FILE PRINT SELECTED BY KEY WORD STRESS

RESIDUAL STRESS ANALYSIS; A IR -A B R A S IV E  TECHNIQUE FOR FORMNG HOLE;

S Y N O P S IS
AN EXC ELLEN T PAPER ON R E S ID U A L STRESS MEASUREMENT BY HOLE D R IL L IN G  W ITH  A IR  
A B R A S IV E  U N IT

/*******«»«**#*#**«**«*****«***«««»****«**««##«**««***«***»«*** *««***«* ****«»*««

F IL E  P R IN T  SELECTED BY KEY WORD STRESS

F IL E  NUMBER 3 0 1 0 1 7 *  DATE 0 0  DEC 6 6

AUTHOR
N. R EN D LER .&  I .  V IG N E SS

T I T L E
H O L E -D R IL L IN G  S T R A IN -G A G E  METHOD OF MEASURING R E S ID U A L 
STRESSES

KEY WORDS
D E T A IL E D  R E S ID U A L STRESS A N A L Y S IS , TASK 11

R E S ID U A L STRESS A N A L Y S IS ; S T R A IN  R E LA X A T IO N  AROUND A D R IL L E D  HOLE

S Y N O P S IS
A BACKGROUND PAPER FOR THE D E T E R M IN A T IO N  OF R E S ID U A L  STESSES BY HOLE D R IL L IN G -  
S T R A IN  GAGING METHOD

»*»*»*•*»***«**««*"**»#**«***»«»*«««**«*#*«.*«#**#*»###«*****»**»**«**»»»«*«««**•



“Ti.E PRINT SELECTED .BY KEY WORD STRESS 

FILE NUMBER . 301018* DATE OO MAY 78

AUTHOR
J. SANDIFER'& G. BOWIE

TITLE
RESIDUAL STRESS BY BLIND-HOLE METHOD WITH OFF-CENTER HOLE

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS. TASK 11

STRESS ANALYSIS. BLIND-HOLE DRILLING! STRAIN-GAGE-ROSETTE GEOMETRIES; 
HAND-DRILLED-HOLE CENTER

SYNOPSIS
APPLICATION OF HOLE DRILLING TECHNIQUE FOR THE DETERMINATION OF RESIDUAL 
STRESSES IN RESTRICTED AREAS

****#*******W*********#*****!H!****************************************»********

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER 301019* DATE 00 00

AUTHOR
A. BUSH & F. KROMER

TITLE
SIMPLIFICATION OF THE HOLE-DRILLING METHOD OF RESIDUAL 
STRESS MEASUREMENT

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS, TASK 11

RESIDUAL STRESS ANALYSIS; HOLE DRILLING METHOD; ABRASIVE JET MACHINING

SYNOPSIS
AN EXCELLENT PAPER ON THE DETERMINATION OF RESIDUAL STRESSES BY HOLE DRILLING- 
STRAIN GAGING METHOD USING ABRASIVE JET MACHINING PROCESS

* * * * * * * * * * * * * * *  i H U t l H H H ! - * * * * * * ! ! * * - ) ! # * * * * * * * * * * * * * * * * * * * * * * * * # « * * # # * # # « « « « # # * « * * * * * *



FILE PRINT SELECTED BY KEY WORD STRESS
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4 FILE NUMBER 301020* DATE 00 MAY 67

AUTHOR
f J. BRUNER, G. BENJAMIN & D. BENCH

TITLE
f ANALYSIS OF RESIDUAL, THERMAL AND LOADING STRESSES IN A B33

WHEEL AND THEIR RELATIONSHIP TO FATIGUE DAMAGE

f
FAILURE MODEL, TASK 10

KEY WORDS

f ----- ;---------------- ----------— -- ------------------------------
- STRESS ANALYSIS! SIMULATED LOADING CONDITIONS; STRESS PATTERN AND FATIGUE

TESTS COMPARED; RIM HEATING
f /•.,

SYNOPSIS
■M A PRELIMINARY INVESTIGATION OF LOADING Sc THERMAL STRESSES IN A B-33 WHEEL

0  ****W*»***»*«»*»tt*»****«»«*»»#»«**»tt#tttt***»#***«#**«*tt**««*««*««*a*«**'#**«*«*«

FILE PRINT SELECTED BY KEY WORD STRESS

« FILE NUMBER 301022*

c W. SOETE Sc R.

€ AN INDUSTRIAL
STRESSES

DATE 00 00

AUTHOR
VANCROMBRUGGE

TITLE
METHOD FOR THE DETERMINATION OF RESIDUAL

%  KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS, TASK 11

I  --“--- ---------------------- ----- — -------------- ----------------
' STRESS ANALYSIS; ELASTIC RECOVERY OF STRESSES; DIAL EXTENSOMETER; TENSILE

AND COMPRESSIVE STRESSES
C

SYNOPSIS
C BACKGROUND PAPER FOR THE DEVELOPMENT OF RESIDUAL STRESS DETERMINATION BY

HOLE DRILLING -  STRAIN GAGING METHOD

1

4, *« «*#**•**«*«««**•«»*#«*#•*«**«»«««««'&«««*#***#*»*»'»»«*#***«•«•*«*'«****«##«**•«

(
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PILE NUMBER 301023* DATE 00 00

••• £u£ PRINT. SELECTED BY KEY WORD STRESS

K. MILBRADT
AUTHOR

f
TITLE

RING-METHOD DETERMINATION OF RESIDUAL STRESSES

{ KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS. TASK 11

RESIDUAL STRESS ANALYSIS; X-RAY DIFFRACTION; CHANGE IN STRESS DISTRIBUTION 
DUE TO A DRILLED HOLE

SYNOPSIS
| BACKGROUND MATERIAL FOR THE DEVELOPMENT OF RESIDUAL STRESS DETERMINATION BY

HOLE-DRILLING -  STRAIN GAGING METHOD

P
p *******************************************************************************

§ ■
" FILE PRINT SELECTED BY KEY WORD STRESS

p FILE NUMBER 301098* DATE 00 79

P 

P

!*' 
t
' RESIDUAL STRESS ANALYSIS; CALIBRATION TESTS OF RESIDUAL STRESS; HOLE DRILL­

ING-STRAIN GAGE METHOD;
*

SYNOPSIS
(  A BACKGROUND PAPER FOR THE DETERMINATION OF RESIDUAL STRESS BY HOLE DRILLING ~

STRAIN GAUGE METHOD

4

j **-?:-..****************************** *********************************************

AUTHOR
C. H. HO & 0. TUNCEL

TITLE
INVESTIGATION OF THE INFLUENE OF VARIOUS PARAMETERS ON 
RESIDUAL-STRESS CALIBRATION

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS. TASK II



FILE NUMBER 301321* DATE 00 . B2

AUTHOR
M, R. JOHNSON & R. R. ROBINSON A. J. OPINSKY

TITLE
RESIDUAL STRESS CALCULATINS ON 33 INCH (838 mm) DIAMETER ONE 
WEAR FREIGHT CAR WHEELS UNDER SIM. UNREL. HAND BRAKE COND.

KEYWORDS
FAILURE MODEL, TASK 10

28-Sep-19B4Page 13
PILE PRINT SELECTED BY KEY WORD STRESS

WHEEL WEARi TENSILE STRESSES IN RIM OF WHEEL, THERMAL LOAD FROM TREAD 
BRAKING; CRACKS ON RIM

SYNOPSIS
AN ATTEMPT TO DETERMINE MAGNITUDE OF RESIDUAL STRESS CHANGE IN "LOW STRESS" AND 
"HIGH STRESS" WHEELS WITH THE SAME THERMAL INPUTS

***********************************************************************************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER 301334* DATE 00 70

AUTHOR
K. NISHIOKA & Y. MORITA

TITLE
"THE STRENGTH OF RAILROAD WHEELS (2ND REPT. THE EFFECT OF 
WHEEL CONTOURS ON THERMAL STRESSES IN WHEELS) JSME

KEY WORDS
COMPREHENSIVE FAILURE MODEL, TASK 10, F. E. A.. OF DIFFERENT WHEEL DESIGNS

WHEEL WEARi TREAD BRAKE; THERMAL STRESSES IN DIFFERENT WHEEL DESIGNS; 
CRACKS AT TREAD; RIGIDITY OF FLANGE

SYNOPSIS
FINITE ELEMENT ANALYSIS OF DIFFERENT WHEEL DESIGNS

a * * * * * * * * * * * * * * * * * * * * * * * * * * *  « * « » « » * * * « « « *« -»  tH t* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * '* *



ILL PRINT SELECTED BY 

i LE NUMBER 301346*

KEY WORD STRESS

DATE... 00 59

AUTHOR
M. S. RIEGEL

TITLE
STRESSES IN WROUGHT-STEEL WHEEL RIMS AND THEIR RELATION TO 
WHEEL LIFE

KEY WORDS
FINITE ELEMENT ANALYSIS, TASK 10

WHEEL WEARi RESIDUAL STRESSES OF NEW WHEELS; SIMULATED SERVICE STRESSES; 
WHEEL FAILURES; CONTROL

SYNOPSIS
A PRELIMINARY ANALYSIS OF RELATING WHEEL RIM STRESSES & WHEEL LIFE

Jfr***************************************** ********************************* *****

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER 301400* DATE 00 SEP 78

L. 0. KEMENY,
AUTHOR

TITLE
"THE COMPUTERIZED MONITORING OF RAILWAY WHEELS IN MOTION 
(HEAVY HAUL RAILWAYS CONF. PROCEEDINGS)

NDE, TASK 14
KEY WORDS

FLAW DETECTION; WHEEL FAILURES BY THERMAL STRESS & CRACKS; AUTOMATED MONI­
TOR IN MOTION & DERAILING

SYNOPSIS
RELEIGH WAVE METHOD FOR DETECTING CRACKS AND RESIDUAL STRESS. ACTUAL SYSTEM 
MAY NOT BE IN PLACE.

*******************************************************************************



•-TLE PRINT SELECTED BY KEY WORD STRESS
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f

FILE.NUMBER 301434* DATE 00 82

S, KUMAR Y.,
AUTHOR

ADENWALA, B. RAUKUMAR

TITLE
EXPERIMENTAL INVESTIGATION OF CONTACT 
U. S. LOCOMOTIVE WHEEL AND RAIL

STRESSES BETWEEN A

KEY WORDS

CONTACT STRESS ANALYSIS; PLASTICITY AND WEAR; WHEEL/RAIL SIMULATION; 
LABORATORY & FIELD RESULTS COMPARED

«
SYNOPSIS

BACKGROUND MATERIAL FOR SHELLING PROBLEM

************************* ******* ************************ ***********************

#

#

■%

FILE PRINT SELECTED BY KEY WORD STRESS 

FILE NUMBER 301438*

AUTHOR
W. S. LOVELACE,

DATE 00 00

TITLE
STUDY OF RIM STRESSES RESULTING FROM STATIC LOADS ON 
DIFFERENT 36-IN. RR WHEEL DESIGNS <PAP. NO. 71-RR-4)

-ft KEY WORDS

I -------------------- — ------------ ------------------------------
WHEEL WEAR; STRESS IN RIM SECTIONS; WHEEL RIM AND FATIGUE FAILURES; STATIC 
LOADS UP TO 75,000 LB.

1
SYNOPSIS

I  EARLIER EXPERIMENTAL STRESS ANALYSIS

*******************************************************************************

(
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AUTHOR
G. ■ E. NOVAK 3< B J. ECK

PRINT SELECTED BY HEY WORD' 5 i RESS
...€ NUMBER .301439* DATE 00 69

TITLE
A THREE DIMENSIONAL FINITE DIFFERENCE SOLUTION FOR THE THER­
MAL STRESSES IN RAILCAR WHEELS (PAP. NO. 69-RR-4)

KEY WORDS

WHEEL WEAR; THERMAL STRESS DISTRIBUTION FROM BRAKE; SHEAR STRESSES; THERMAL 
HISTORY OF WHEEL; FATIGUE

SYNOPSIS
EARLY FINITE ELEMENT ANALYSIS OF WHEELS (ELASTIC)

*******************************************************************************

FILE PRINT SELECTED BY KEY WORD STRESS 

FILE NUMBER 301440* DATE 0 0 67

AUTHOR
J. P. BRUNER, R. D. -JONES, S. LEVEY & J. WANDRISCO

TITLE
EFFECT OF DESIGN VARIATION ON SERVICE STRESSES IN RAILROAD 
WHEELS (PAPER NO. 67-WA/RR-6)

KEY WORDS

WHEEL WEAR; SERVICE BRAKING ?, LOADING SIMULATED; BRAKING, LOADING STRESSES; 
FATIGUE

SYNOPSIS
OBSOLETE EARLY COMPUTER BASED STRESS ANALYSIS .

■>************* ************************  ft*******#-*************** *****************

I
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AUTHOR
f M. S. RIEGEL, S. LEVY & J. A. SLltER

TITLE
f A COMPUTER PROGRAM FOR DETERMING THE EFFECT OF DESIGN VARIA­

TION ON SERVICE STRESSES IN RR WHEELS (PAP. NO. 65-WA/RR-i)

f  KEY WORDS

PILE PRINT SELECTED BY KEY WORD STRESS
t PILE NUMBER 30144]* DATE 00 00

m ------------------------------------------------------------ --------
WHEEL WEARi WHEEL SHAPE & DIMENSIONS; HEAT STRESS BY BRAKE SHOE FRICTION; 
LATERAL, TRACTIONAL FORCES

*
SYNOPSIS

0  OBSOLETE STRESS ANALYSIS

m

************ e*tttt*««*«**«*««**#*#***tt*tttt*#*.ft«****«‘#*«'**«**#«*«**# *****************

m
FILE PRINT SELECTED BY KEY WORD STRESS 

<0 FILE NUMBER 301446* DATE 00 72

AUTHOR
# G. E. NOVAK St B. J. ECK

TITLE
#  ASYMMETRICAL WHEEL STRESSES CAUSED BY SIMULATED THERMAL AND,

MECHANICAL SERVICE LOADS (PAPER NO. 72-WA/RT-13)

# KEY WORDS 
FINITE ELEMENT ANALYSIS. TASK 10

STRESS ANALYSIS; WHEEL UNDER DRAG BRAKING; OCTAHEDRAL SHEAR; STRESS

*
SYNOPSIS

4 EARLY FINITE ELEMENT ANALYSIS -  (OBSOLETE)

C .

(



28-Sep-1984Page '16
FILE PRINT SELECTED BY KEY WORD STRESS

FIuE NUMBER 301447* DATE . 00

AUTHOR
H. R. WETENKAMP

TITLE
f THERMAL STRESSES DEVELOPED IN S PLATE. STRAIGHT PLATE. AND

DEEP DISH WHEEELS

f KEY WORDS
COMPREHENSIVE TESTING ON TRACK fe DYNAMOMETER. TASK 6

STRESS ANALYSIS; SUBJECTING WHEELS TO BRAKING CYCLES; ELASTIC STRESS BY 
THERMAL LOAD; DESIGNS

I
SYNOPSIS

f  EFFECT OF WHEEL DESIGN ON ELASTIC THERMAL STRESS

^  ■S’****-***********#********##*****#-*******************#**************************

f
FILE PRINT SELECTED BY KEY WORD STRESS 

% FILE NUMBER 301448* DATE 00 73

AUTHOR
f G. E. NOVAK. W. J. KUCERA, & 3. J. ECK

TITLE
f  EFFECT ON RIM THICKNESS ON WHEEL STRESSES CAUSED BY SIMU­

LATED SERVICE CONDITIONS (PAPER NO. 73-WA/RT-IO)

f. KEY WORDS

STRESS ANALYSIS; WHEEL RIMS UNDER LOADS; OCTAHEDRAL STRESS MAPPING; 
COMPUTED & STRAIN GAGE VALUES

4
SYNOPSIS

t EARLY FEA PAPER -  (OBSOLETE)

1

( • * - ; < - * * * * * - * * * # # * * * - * . « M H H H V * * * * * * < * * * * * * » * - * * * * * * * * * * * * * * * * * * * * * K a f * * * * * * * * * * * * * * * * * * *
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AUTHOR
G. E. NOVAK. L. P. GREENFIELD, S< D. H. STONE 

TITLE
SIMULATED OPERATING STRESSES IN 28-IN. DIAMETER WHEELS

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER 301450* DATE 00 75

KEY WORDS
COMPREHENSIVE TRACK AND DYNAMOMETER TESTING, TASK 6

STRESS ANALYSIS) WHEEL DESIGNS; SIMULATE VERTICAL, LATERAL, BRAKE SHOE 
FORCES; OCTAHEDRAL MAPPING

SYNOPSIS
EARLY FEA PAPER CONTRASTING STRAIGHT AND CURVED PLATE DESIGNS

*******************************************************************************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER 301452* DATE 00 76

AUTHOR
G. E. NOVAK, G. E. DAHLMAN. B. J. ECK, W. KUCERA

TITLE
THERMAL PATTERNS IN 36 INCH FREIGHT CAR WHEEL DURING 
SERVICE TESTS

KEY WORDS
PRELIMINARY TRACK TEST. TASK 5

STRESS ANALYSIS, SERVICE TESTS OF BRAKE SHOE FORCE, INSTRUMENTED WHEELS. 
HEAT-FLOW CHARACTERISTICS

SYNOPSIS
CORRELATION OF WHEEL THERMAL PATTERNS FROM FIELD TEST AND FINITE DIFFERENCE 
CALCULATION

^  *******************************************************************************

(



- lLF. NUMBER . 301.453* DATE 00 ~h

. ■ AUTHOR
G. E. NOVAK %i. D. H. STONE

TITLE
A COMPARISON OF THE STRESS LEVELS IN ONE-AND-TWO WEAR 36 IN. 
DIAMETER WHEELS UNDER SIMULATED SERVICE LOADS

KEY WORDS
FAILURE MODEL. TASK 10

28—Sep-1984
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FILE PRINT SELECTED BY HEY WORD STRESS

STRESS ANALYSIS; STRESS LEVEL & WEAR IN SERVICE; RIM THICKNESS & STRESS 
LEVEL; SHATTER & CRACKS

SYNOPSIS
EARLY ATTEMPT TO CALCULATE STRESS DIFFERENCES IN ONE -  AND TWO WEAR WHEELS BY 
ELASTIC FINITE ELEMENT ANALYSIS (OBSOLETE)

*■#-**■»*•»****************************•*■«•******************************************

FILE PRINT SELECTED BY KEY WORD STRESS

-FILE NUMBER 301454* DATE 00 78

AUTHOR
T. M. RUS1N, D: G: KLEESCHULTE. J. M. COUGHLIN

TITLE
APPLICATION OF THE FINITE ELEMENT METHOD IN THE DEVELOPMENT 
OF IMPROVED RAILROAD CAR WHEEL DESIGNS

KEY WORDS
FINITE ELEMENT ANALYSIS. TASK 10,

THERMAL & MECHANICAL LOADS ON WHEEL DESIGNS; CALCULATED STRESSES, 
DYNAMOMETER

SYNOPSIS
FINITE ELEMENT ANALYSIS OF DIFFERENT WHEEL DESIGNS

* * ** - ** .| H t* * * ** * * * ** * * * ** * * * ** * * **  * * ** * * * ** * * ** * * * ** * * * ** * * * ** * * ** * * * ** * * * ** * * * ** * * * **
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FILE PRINT SELECTED BY HEY WORD STRESS
FILE NUMBER 301456* DATE 00 JUL 72

AUTHOR
M. H. LARSON, M. H. HUNTRESS & M. HALEY

TITLE
DISTRIBUTION OF HEAT BETWEEN WHEEL AND BRAKE SHOE

§ KEY WORDS
BRAKE SHOE HEATING. TASK 7

HEATING UNDER BRAKING PRODUCES THERMAL CRACKS, RESIDUAL STRESS; WHEEL 
FAILURE; SAFETY

f
SYNOPSIS

EVALUATION OF HEAT DISTRIBUTION BETWEEN WHEEL AND SHOE

****************************************************************** *************

c
J FILE PRINT SELECTED BY KEY WORD STRESS

£- FILE NUMBER 301457* DATE 00 JUL 72

AUTHOR
#  M. B. ECK & M. G. NOVAK

' TITLE
#  WHEEL STRESSES RESULTING FROM SIMULATED SERVICE DRAG BRAKING

AND ASYMMETRICAL RAIL LOADING

% KEY WORDS
FINITE ELEMENT ANLAYSIS, TASK 10

I -------- ------------ -r---------- ----------- --- -----------------
STRESS ANALYSIS; FINITE ELEMENT ANALYSIS; THERMAL STRESS UNDER BRAKING; 
DRAG BRAKING;

l
SYNOPSIS

(  OBSOLETE ELASTIC FINITE ELEMENT ANALYSIS PAPER

t

( ' **tt«*»*»**««*«*a**»#*«tt«#tt*«*tf««*«*tt'it’«*tt**'M'««-»tt*tt«*«**»***««*»****'»«*tf«*tt**a**#

(



PILE NUMBER 301463* DATE 00 JUL 72
AUTHORM. HIROOKA, M. KASAI, M. NISHIMURA, M! TOKIMASA 
TITLERESIDUAL STRESSES IN THE RIM OF A RAILROAD SOLID WHEEL DUE TO ON-TREAD DRAG BRAKING AND THEIR EFFECT ON WHEEL FAILURE

KEY WORDSFAILURE MODEL, TASK 10

28-Sep-1984
. Page 22

KILE PRINT SELECTED BY KEY WORD STRESS

JAPANESE EXPERIENCE; RIM STRESSES; MEASURING RESIDUAL STRESS; PLATE PROFILE EFFECTS

SYNOPSISEXCELLENT UNIFICATION OF RESIDUAL STRESS STATE AS AFFECTED BY WHEEL DESIGN

*******************************************************************************

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER 301514* DATE 09 DEC 82

AUTHORU. M. STEELE & T. LAM
TITLEIMPROVING THE ACCURACY OF FATIGUE ANALYSIS

KEY WORDSFAILURE MODEL, TASK 10

FATIGUE ANALYSIS; LIFE PREDICTION; CRACK INITIATION; LOCAL STRESSES h  STRAINS; LOAD CYCLES; MEAN STRESS

SYNOPSISSHORT SUMMARY OF STRAIN-LIFE FATIGUE CRITERION

************************************************  ***********************************



FILE PRINT SELECTED BY KEY WORD STRESS 

if. FILE NUMBER 301542*

AUTHOR
f  P. GAUTHIER

f
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DATE 00 69

TITLE
f "THE BEHAVIOR OF WHEEL SETS ON S. N. C. F. MOTIVE POWER UNITS

(THE EFFECTS OF CERTAIN TYPES OF STRESS)

FRETTING STRESSES.
KEY WORDS

STRESSES DUE TO CYCLIC LOADS. FAILURE MODEL, TASK 10

WHEEL WEAR; FRENCH TECH. , SOLID SURFACE TREATED WHEELS, RESIDUAL STRESS; 
COMPRESSIVE STRESSES IN RIM

.#
K SYNOPSIS
£- EFFECT OF MECHANICAL LOADS AND RESIDUAL STRESS -  FRENCH EXPERIENCE

*
*#*.*«'l)***«**«tt***««****«**««tt*#*«**«*«**tt************«*****«**«*a«'***«tt*«*«#tt«tt

m
FILE PRINT SELECTED BY KEY WORD STRESS

© FILE NUMBER 301543* DATE 00 DEC 76

•€- P. J. STEVENS
AUTHOR

TITLE
AN X-RAY APPARATUS FOR THE MEASUREMENT OF RESIDUAL STRESSES 
IN RAILWAY WHEELS

t
NDE TASK 14

KEY WORDS

i —  --------------------- -— -—  ---------------
STRESS ANALYSIS; RESIDUAL STRESS IN WHEELS; X-RAY METHOD WITH FILM TECHNI­
QUE; AUSTRAILIAN TECHNOLOGY; PROBLEMS

l
SYNOPSIS

(  APPLICATION OF X-RAY DIFFRACTION TO WHEELS FOR RESIDUAL STRESS DETERMINATION

c /, ■■ -.-v

1 **«*««»*»»«*««*««*#«*•»**«««««**»»»*«««*«**«*****«****««.*«**«»««*«««««**«*«««*«

(
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FILE NUMBER 301551* DATE 00 00

FILE-PRINT SELECTED BY KEV WORD STRESS

W. V. LU
AUTHOR

TITLE
RESIDUAL STRESS EVALUATION BY ULTRASONICS IN AN ELASTIC- 
PLASTIC

NDE TASK 14
KEY WORDS

ULTRASONICS, RESIDUAL STRESS EVALUATION

SYNOPSIS
USE OF ULTASONIC BIREFRINGENCE FOR RESIDUAL STRESS DETERMINATION IN ALUMINUM
ALLOY

***•»***■»***********•»****#•»*##■*■#■■*****■**********■****************** ***************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER 301552* DATE 00 7B

AUTHOR
A. T. HOPPER, S. G SAMPATH, R. B. STONESIFER

TITLE
THE ELASTIC FINITE ELEMENT ANALYSIS OF A CH-36 RAILCAR 
WHEEL UNDER MECHANICAL AND THERMAL LOADS

KEY WORDS

FINITE ELEMENT ANALYSIS; WHEEL STRESS; SPECTRAL LOADING. PLASTICITY, 
THERMAL LOADS, RESIDUAL STRESS

SYNOPSIS
ELASTIC FINITE ELEMENT PROGRAM (OBSOLETE BUT USEFUL REFERENCE)

>->•:» ̂ I H t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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FILE NUMBER 301557* " ; DATE 00 73
FILE PRINT SELECTED BY KEY WORD STRESS ,

E. KILB AUTHOR

TITLEWHEEL LOAD it WHEEL DIAMETER FROM THE POINT OF VIEW OF STRESS ON THE MATERIAL IN THEORY AND IN PRACTICE
KEY WORDS

WHEEL WEAR; CONTACT STRESSES; SMALL HIGH-SPEED WHEELS; FATIGUE STRENGTH; CONTACT AREA DURING WEARING PROCESS

SYNOPSISA GENERIC BACKGROUND PAPER FOR SHELLING PROBLEM 

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER 301562* DATE 00 NOV 76

AUTHORR. J. MCDONALD it R. I. MAIR
TITLEWROUGHT STEEL RAILWAY WHEELS - A BASIS FOR DEVELOPMENT

KEY WORDSMATERIAL PROPERTIES, TASK 3

WHEELS; ABRASION RESISTANCE; RESIDUAL STRESSES; THERMAL CRACKING; AUSTRALIAN TECHNOLOGY

SYNOPSISA FIRST ORDER APPROACH TO EXTENDING WHEEL LIFE BY INCREASING WEAR FRACTURE RESISTANCE AND ROLLING CONTACT DEFECTS

* # * * « * * » * » * * ' * « * * * « 4 » * a * * « « * « * « * « t t « # « « # « * * « * * « * t t * « « * * « « * # * « * * * * * * * * « * « « * « « « « * * * « *
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:-U.E PRINT SELECTED BY KEY WORD STRESS

riuE NUMBER 301565* . DATE 00 JAN 7 5

' AUTHOR
W BRQHL St P. BRINKMANN

TITLESTRESSES IN THE TREADS OF RAILWAY WHEELS 

KEY WORDS

28-Seip.-1-984Page 26

WHEEL WEAR; FRICTION, THERMAL STRESS, TENSILE STRESS WEAR;

SYNOPSISUSEFUL FOR SHELLING ANALYSIS

*****■•»•***■**#****■******•■»#***#•*-a********************* a-********************** ■***■•**

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER 301566* DATE 00 NOV 75

AUTHORA. RESILLON St A. LELUAN
TITLEEFFECT OF THE DEVELOPMENT OF RESIDUAL STRESSES IN SOLID WHEELS ON WEAR

KEY WORDS

WHEEL WEAR; RESIDUAL STRESSES; THERMAL FACTOR IN WEAR; FATIGUE CRACKS FORMED. DEGRADATION HISTORY
(

SYNOPSIS
%. BACKGROUND MATERIAL FOR REFERENCE; NOT DIRECTLY APPLICABLE TO PROGRAM

l

( . . *******.#•*«**•'-* »•**■*****•**■* *****»•**■»***-**■**■*•**■■**■■*•**•**•***•******■***■*«•**•«•****•**•**"**•

(.



f FILE PRINT SELECTED BY KEY WORD STRESS
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r
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f

FILE NUMBER 301567*
AUTHOR

DATE 00 74

V. K. GARG, SU. C. ANAND, &P. G. HODGE
TITLEELASTIC-PLASTICANALYSIS OFAWHEEL ROOLING ON A RIGIDTRACK

r KEY WORDS

FINITE ELEMENT ANALYSIS; MODEL FOR ROLLING WHEEL; MINIMUM STRESS-RATE; STEADY STATE REACHED; SHAKE-DOWN DEMONSTRATED
#

SYNOPSIS£ NON-HERTZIAN ANALYSIS OF ROLLING CONTACT

#
*******************************************************************************

«

#

f

f

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER C53. 4* DATE 00 OCT 66

AUTHORMEMBER ADMIN. OF THE OFC. OF RESEARCH (ORE)
* TITLEBEHAVIOR OF THE METAL OF THE RAIL UNDER THE REPEATED ACTION OF THE WHEEL; RESIDUAL LONGITUDINAL STRESSES IN THE RAIL

KEY WORDSDETAILED RESIDUAL STRESSES. TASK 11

WHEEL RAIL DYNAMICS; DETERMINE RESIDUAL STRESSES IN RAIL; HEAT EFFECTS; TRIMMING. COLD ROLLING. FATIGUE IN SERVICE
«.

SYNOPSIS( BACKGROUND PAPER FOR RESIDUAL STRESS ANALYSIS (WITH SPECIAL REFERENCE TO RAILS)

t

^ *-***********#******************»-***«.************#******************#***********

(
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f
FILE PRINT SELECTED BY -KEY"WORD STRESS 

( FILE NUMBER C53.6* DATE 00 OCT 70

AUTHOR
f OFC. FOR RESEARCH &' EXPERIMENTS (ORE)

TITLE
f BEHAVIOR OF THE MEAL OF RAIL AND WHEEL IN THE CONTACT. ZONE

"RESIDUAL STRESSES IN THE RAIL (CONT. ) WORK HARDENED ZONE

f  KEY WORDS
RESIDUAL STRESSES, TASK 11;

I

RESIDUAL STRESS; WORK-HARDENING CHANGES' HYDROSTACK PRESSURE ZONE) FATIGUE 
CRACKS; RAIL CORRUGATIONS,

c
SYNOPSIS

f.. STUDY OF RESIDUAL STRESS IN RAIL. REFERENCE MATERIAL FOR COMPREHENSIVE RESIDUAL 
STRESS ANALYSIS IN WHEELS.

«
»*«*»«*««*«««**»*****«*«**»*«««»*

«
FILE PRINT SELECTED BY KEY WORD STRESS

f

t

FILE NUMBER C53. 9* DATE 00 OCT 73

AUTHOR
MEMBER ADMIN. OF THE OFC. OF RESEARCH *< EXP. (ORE)

I
TITLE

BEHAVIOR OF THE METAL OF RAILS AND WHEELS IN THE CONTACT 
ZONE, QUEST. C53

9 KEY WORDS
FAILURE MODEL TASK 10; RESIDUAL STRESSES, TASK 11

t --------------------------------------- ------------ ------- --- -
STRESS ANALYSIS. RESIDUAL RAIL STRESSES FROM PASSAGE WHEELS; FATIGUE 
PLASTIC DEFORMATION

l
SYNOPSIS

t RESIDAUL STRESS ANALYSIS OF RAIL; FATIGUE DAMAGE AS A FUNCTION OF LOAD
CONDITIONS '

(

****************#*********•**■*•*»*##■&**■»•**•**■»«■**■#•**•»-K-U-■&*•*##*****■ •****■»*■***»*«•«*#**(
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FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER FRA 48/40*

AUTHOR

DATE 00 JUN 78

B. PAUL, & J. HASHEM

TITLE
USERS' MANUAL 

. ' PROBLEMS)
FOR PROGRAM CONFORM (CONFORMAL CONTACT

KEY WORDS

RAIL WHEEL INTERACTION, CONTACT STRESS. CONFORMAL CONTACT. ELASTICITY, 
NON HERTZIAN CONTACT, COMPUTER PROGRAM

SYNOPSIS

*************^******** *****#*****■*■***•■#■ *****************************************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER FRA 75/11* DATE 00 MAY 74

AUTHOR

TITLE
INSTRUMENTATION FOR MEASUREMENT OF FORCES ON WHEELS OF RAIL 
VEHICLES

KEY WORDS
PRELIMINARY TRACK TESTING, TASK 5;

INSTRUMENTED WHEELi WHEEL STRESSES; WHEEL FORCES; FORCE MEASUREMENT. 
SLIP RINGS

SYNOPSIS
REFERENCE MATERIAL FOR THE FABRICATION AND CALIBRATION OF INSTRUMENTED WHEELSETS 
CAPABLE OF MEASURING WHEEL/RAIL FORCES

tt****************************# **********************************-***************
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PILE NUMBER FRA 77/11* DATE 00 FEB 77

AUTHOR :
R. R. KING, J. R. BARTON, h W. D. PERRY 

TITLE
STRESS MEASUREMENTS IN RAILROAD WHEELS VIA THE BARKHAUSEN 
EFFECT

KEY WORDS
NBE TECHNIQUES. TASK 14

PILE PRINT SELECTED BY KEY WORD STRESS

NONDESTRUCTIVE TESTING; RESIDUAL STRESS; BARKHAUSEN EFFECT; RAILROAD WHEELS

SYNOPSIS
THE FIRST ATTEMPT TO APPLY BARKHAUSEN TECHNIQUES TO RAILROAD WHEELS

*******«********w##»**#****tt****-****;Ht*********#*****»******».*****»************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER FRA 77/17# DATE 00 MAR 77

AUTHOR
G. F. CARPENTER

TITLE
THE CAUSE OF THERMAL FATIGUE CRACKING IN METROLINER WHEELS

KEY WORDS
DYNAMOMETER TESTING, TASKS 4, 6, AND B; FAILURE MODEL. TASK 10;

FATIGUE ANALYSIS; WHEEL WEAR, RESIDUAL THERMAL STRESSES; THERMAL CRACKING; 
MACROSTRUCTURE. MICROSTRUC1URE

SYNOPSIS
DYNAMOMETER STUDY OF THERMAL CRACK INITIATION. (THIS DYNAMOMETER IS THE ONE NOW 
AT AAR)

# > *«* * ** * *4 tt* *« *« ** » * * * * tt# » tt* « « « * « 'fr* « * * «# « * tt* t f* « * # * * # * *# # # # « ««# * « * * *« ** « « *« ** * '*



FILE PRINT SELECTED BY KEY WORD STRESSf
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f FILE NUMBER FRA 78/27* DATE 00 SEP 77
AUTHOR ■f B. PAUL & U. HASHEMI
TITLE

f  USER'S MANUAL FOR PROGRAM COUNTACT (COUNTei'f ormal contACTSTRESS PROBLEMS)
f KEY WORDS

------------------------------------------------RAIL WHEEL INTERACTION,- CONTACT STRESS; COUNTER-FORMAL CONTACT; ELASTICITY; NON-HERTZIAN CONTACT; COMPUTER PROGRAMS
#

SYNOPSIS£ NON-HERTZIAN ELASTIC CONTACT STRESS SOLUTION CALCULATED CONTACT PATCH WITH AMORE ACCURATE REPRESENTATION OF SHAPE AND AREA THAN THE HERTZIAN CALCULATIONS YIELD; A GENERAL PURPOSE BACKGROUND PAPER

FILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER R-158* DATE 00MAY 74

m

AUTHORD. H. STONE

•
TITLERESIDUAL STRESSES IN THE PLATE DIAMETER WROUGHT STEEL WHEELS FILLETSOFTWENTY-EIGHT-INCH

€- KEY WORDSDETAILED RESIDUAL STRESS ANALYSIS,' TASK 11
I ------------------------- ----- -------------------------- -------WHEELS; B-2B WHEEL AND PLATE CRACKING; BULK RESIDUAL STRESS EVALUATION FATIGUE
t

SYNOPSISC USE OF AISI METHOD TO DETERMINE BULK RESIDUAL STRESS

c

( *«#»»»*«******««**#»««#«#«*»«***#«««*«#«##««#«««***#««««*«««*«««»##»*«*»***##*«

(
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FILE PRINT SELECTED BY KEY WORD. STRESS 

( FILE NUMBER R-26S* DATE 00 FEB 77

, AUTHOR
f A. HOPPER. T. JOHNS, S. SAMPATH, R. STONESIFER

TITLE
I WHEEL RESEARCH, VOLUME i. ELASTIC STRESS ANALYSIS, ELASTIC

FINITE-ELEMENT STRESS ANALYSIS OF RAIL CAR WHEELS

f KEY WORDS
ELASTIC FINITE ELEMENT PROGRAM, TASK 10

WHEELS; FINITE ELEMENT ANALYSIS; ELASTIC STRESS ANALYSIS; HEAT TRANSFER 
ANALYSIS; CONTACT STRESS ANALYSIS

f'
SYNOPSIS

§ ELASTIC FINITE ELEMENT PROGRAM

f
tt**************************#************************-*-*******-******#******-****#*

FILE PRINT SELECTED BY KEY WORD STRESS 

£ FILE NUMBER R-373* DATE 00 MAY 79

AUTHOR
c Y. J. PARK

TITLE
£ CYCLIC BEHAVIOR OF CLASS B WHEEL STEEL

£ KEY WORDS
MATERIAL PROPERTIES, TASK 3; FAILURE MODEL, TASK 10

WHEELS; CLASS B WHEEL; LOW-CYCLE, FATIGUE. CYCLIC SOFTENING; STRESS, 
STRAIN, FATIGUE LIFE

*
SYNOPSIS

l  ROOM TEMPERATURE DATA WILL BE USED IN TASK 3

t

( *******««* ******«**<,*****»*»*#■»«■#■**■«■*****»■&»•,**#*■****#*■»***********■***«•***«•*****
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PILE PRINT SELECTED BY KEY WORD STRESS
FILE NUMBER. R-338* DATE 00 AUG 79

AUTHOR
T. J. THOMAS & V. K. GARG

TITLE
THERMAL FATIGUE ANALYSIS OF A RAIL CAR WHEEL UNDER DRAG 
BRAKING

FAILURE MODEL, TASK 10
KEY WORDS

WHEEL. WEAR; FATIGUE LIFE; THERMAL STRESSES; DRAG BRAKING; FINITE-ELEMNT 
METHOD; PLASTICITY;

SYNOPSIS
AN EARLY FATIGUE ANALYSIS MODEL

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER R-393* DATE 00 AUG 79

AUTHOR
Y. J. PARK

TITLE
CYCLIC BEHAVIOR OF CLASS A WHEEL STEEL

KEY WORDS
MATERIAL PROPERTIES, TASK 3

WHEEL WEAR; CLASS A WHEEL STEEL; STRESS, STRAIN, LOW-CYCLE FATIGUE; 
FATIGUE LIFE OF WHEELS;

SYNOPSIS
GRADE OF STEEL NOT APPLICABLE TO PROGRAM; USEFUL REFERENCE PAPER ON CYCLIC 
PROPERTIES
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?■ •!_£ NUMBER R—411* DATE 00 FEB 80

FILE PRINT SELECTED BY KEY WORD STRESS

AUTHOR
A. J. OP INSKY

TITLE
SEPTA WHEEL RESIDUAL STRESS INVESTIGATION

KEY WORDS
DETAILED RESIDUAL STRESS ANALYSIS. TASK U

WHEEL WEAR; RESIDUAL STRESS; BACK RIM-PLATE FILLET; FRONT HUB-PLATE FILLET; 
RAILROAD WHEEL WEAR

SYNOPSIS
AN EXPERIMENTAL ANALYSIS USING AISI TECHNIQUE

*******************************************************************************

FILE PRINT SELECTED BY KEY WORD STRESS

FILE NUMBER R-467* DATE 00 FEB 81

AUTHOR
T. J. THOMAS, V. K. GARG. & D. H. STONE 

TITLE
FATIGUE ANALYSIS OF RAILROAD FREIGHT CAR WHEELS UNDER THER­
MAL LOADING CONDITIONS

KEY WORDS.
FAILURE MODEL, TASK 10

WHEEL WEAR; WHEEL LOADS (MECHNAICAL & THERMAL>; WHEEL STRESSES AND TEMPERA­
TURES; FINITE ELEMENT ANALYSIS;

SYNOPSIS
AN EARLY FATIGUE ANALYSIS MODEL

********************************************************************************
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P IL E  PRINT SELECTED BY KEY WORD THERMAL

f F I L E  NUMBER 2 0 0 2 5 6 / 1 -4 * D A TE 0 0 , OCT 78

f
AUTHOR

L. BRAZZODURO. P. BROZZO, R. D E M A R TIN I,

f
T I T L E -

6 TH  IN T L  W HEELSET CONG. " F IN A L  R E S U LTS  OF TH E  
ON A NEW S O L ID  WHEEL A P T TO  MOST SEVERE OPER.

RESEARCH WORK 
COND.

i
M A TE R IA L

K EY WORDS
PR O P ER TIES , TA S K  3. U I C -R / 2  AND R / 6  S T E E L

(ITALIAN PRACTICE) THERMAL CRACKING TESTS, DRAG & STOP BRAKING TESTS

*
SYNOPSIS

g THERMAL CRACKING TESTS. DRAG AND STOP BRAKING TESTS (UIC-R/6 St 5 CR WHEELS)
WERE PERFORMED TO INVESTIGATE RESISTANCE TD REPEATED THERMAL LOADING.

f
f  *«*****«****«*««**«*«*«*«***.»»**««*****«*«***«***«««***#*«tt***************«*«*«tr-

FILE PRINT SELECTED BY KEY WORD THERMAL

(§ FILE NUMBER 200784* DATE 00 DEC 81

- AUTHOR
if  M. R. JOHNSON 8c R. R. ROBINSON

TITLE
IMPROVED SAFETY OF RAILROAD CAR WHEELS 

# KEY WORDS

WHEEL FAILURES, THERMAL CRACKS, SAFETY

4

t

t

SYNOPSIS
A GENERIC BACKGROUND PAPER (REPORT) ON FACTORS WHICH LEAD TO RAILROD WHEEL 
FAILURES

j *»***«*«*:#*»**««*««**«*«*«*«««««*«*»***«««*****««*««***«**********»*«**««*««***

(
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9 a g e  V.

F i l e  n u m b e r  201050* . ■ D A TE 00 JU L  69

AUTHOR
T . SUGIYAMA , K. N IS H IO K A , (E T .  A L . )

T I T L E
TH IR D  IN TE R N A TIO N A L  W HEELSET CONFERENCE  

KEY WORDS

FILE PRINT SELECTED BY KEY WORD THERMAL

WHEEL/RAIL; TESTINGi RESILIENCY; CAST STEEL; THERMAL CRACKING; RESIDUAL 
STRESS; METALLURGY

GENERAL BACKGROUND REFERENCE
SYNOPSIS

*****Hf**********-******-:t*********-***-»-***********************W*******************

FILE PRINT SELECTED BY KEY WORD THERMAL

FILE NUMBER 201098* DATE 00 JUN SO

AUTHOR
H. R. WETENKAMP. 0. M SIDEBOTTOM, H. J. SCHRADER

TITLE
THE EFFECT OF BRAKE SHOE ACTION ON THERMAL CRACKING AND ON 
FAILURE OF WROUGHT STEEL RAILWAY CAR WHEELS

KEY WORDS
BRAKE DYNAMOMETER TESTING. TASKS 4, 6, & 8

LABORATORY TESTS. STOP BRAKING. DRAG BRAKING, WROUGHT STEEL WHEELS. THERMAL 
CRACKS. RESIDUAL STRESSES, FRACTURE. CARBON CONTENT, HEAT TREATMENT. WHEEL 
DESIGN

SYNOPSIS
WROUGHT STEEL WHEELS SUBJECTED TO A SERIES OF LABORATORY TESTS SUCH AS STOP 
BRAKING & DRAG BRAKING; STUDY OF EFFECT OF CARBON CONTENT. HEAT TREATMENT, 
WHEEL DESIGN

*******************************************************************************
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FILE NUMBER 300074* DATE 09 SEP 72

AUTHOR
N. A. BERG Si R. H. ALBER

TITLE
TREAD BRAKING VERSUS THE WHEEL 

KEY WORDS

FILE PRINT SELECTED BY KEY WORD THERMAL

WHEEL TREAD PROBLEMS. SHELLING PHENOMENA, WHEEL STRESSES, SPALLING, THERMAL 
LOAD DAMAGE TO WHEELS, BRAKING

SYNOPSIS
EXCELLENT PRIMER ON WHEEL THERMAL FAILURE

***«*#**********tt««#*«*tttt»iHt«****«***#***##****#******«***«************«***««*«

FILE PRINT SELECTED BY KEY WORD THERMAL

FILE NUMBER 301001* DATE 00 FEB 77

AUTHOR
M. R. JOHNSON, R. E. WELCH. & K. S. YEUNG

TITLE
"ANALYSIS OF THERMAL STRESSES & RESIDUAL STRESS CHANGES IN 
RR WHEELS CAUSED BY SEVERE DRAG BRAKING (JOR. ENG. FOR IND)

KEY WORDS
FINITE ELEMENT ANALYSIS AND SIMULATION. TASK 10

STRESS ANALYSIS; THERMAL STRESSES; DRAG BRAKING; HEATING FROM TREAD BRAKE; 
THERMAL CRACK GROWTH

SYNOPSIS
FINITE ELEMENT DEMONSTRATION OF THE FORMATION OF RESIDUAL STRESSES DUE TO BRAKE 
HEATING. THE STANDARD BY WHICH ELASTIC-PLASTIC F. E. ANALYSIS ARE JUDGED

**«**«»**«•***«******«**«««««#«"*««******"»««»*«««**«*««*«*"» **#*«**«•**»{(#*«.«#*#«#



FILE NUMBER 3013.81* DATE 00 82

AUTHOR
M. R. JOHNSON & R. R. ROBINSON A. J. OPINSKY 

TITLE
RESIDUAL STRESS CALCULATINS ON 33 INCH <838 mm) DIAMETER ONE 
WEAR FREIGHT CAR WHEELS UNDER SIM. UNREL. HAND BRAKE COND.

KEY WORDS
FAILURE MODEL, TASK 10

FILE PRINT SELECTED BY KEY WORD THERMAL

WHEEL WEARi TENSILE STRESSES IN RIM OF WHEEL; THERMAL LOAD FROM TREAD 
BRAKING; CRACKS ON RIM

SYNOPSIS
AN ATTEMPT TO DETERMINE MAGNITUDE OF RESIDUAL STRESS CHANGE IN "LOW STRESS" AND 
‘HIGH STRESS" WHEELS WITH THE SAME THERMAL INPUTS

*******************************************************************************

FILE PRINT SELECTED BY KEY WORD THERMAL

FILE NUMBER 301334* DATE 00 70

AUTHOR
K. NISHIOKA & Y. MORITA

TITLE
"THE STRENGTH OF RAILROAD WHEELS (2ND REPT. THE EFFECT OF 
WHEEL CONTOURS ON THERMAL STRESSES IN WHEELS) JSME

KEY WORDS
COMPREHENSIVE FAILURE MODEL, TASK 10. F. E. A. OF DIFFERENT WHEEL DESIGNS

WHEEL WEAR; TREAD BRAKE; THERMAL STRESSES IN DIFFERENT WHEEL DESIGNS; 
CRACKS AT TREAD; RIGIDITY OF FLANGE

SYNOPSIS
FINITE ELEMENT ANALYSIS OF DIFFERENT WHEEL DESIGNS

*******************************************************************************
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FILE PRINT SELECTED,BY KEY WORD THERMAL
FILE NUMBER 301400* DATE 00 SEP 78

AUTHOR
L. G. KEMENY,

TITLE
“THE COMPUTERIZED MONITORING OF RAILWAY WHEELS IN MOTION 
(HEAVY HAUL RAILWAYS CONF. PROCEEDINGS)

NDE, TASK
KEY WORDS 

14

FLAW DETECTION; WHEEL FAILURES BY THERMAL STRESS & CRACKS; AUTOMATED MONI­
TOR IN MOTION 8t DERAILING

SYNOPSIS
RELEIGH WAVE METHOD FOR DETECTING CRACKS AND RESIDUAL STRESS. ACTUAL SYSTEM 
MAY NOT BE IN PLACE.

****»****««***«»*****«***##*«#**.*«*»««*******«* *************************** *****

FILE PRINT SELECTED BY KEY WORD THERMAL 

FILE NUMBER 301406* DATE 00 SEP 82

AUTHOR
, T. DEVINE & R. ALBER

TITLE
WHEEL FLANGE WEAR TEST RESULTS IN HEAVY HAUL SERVICE 

’ KEY WORDS

WHEEL WEAR; CARBON CONTENT REDUCED/THERMAL CRACKS; HARDNESS St FLANGE WEAR; 
LUBRICATION, CURVES. SPEED

SYNOPSIS
GENERAL BACKGROUND MATERIAL; NOT DIRECTLY APPLICABLE TO THE PROGRAM

***•*•*****•************•«****«***««««*««»**«»**««*«**«*««*****«*««»**«#*«*****
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AUTHOR
G. E. NOVAK & B. J .  ECK

FILE PRINT SELECTED BY KEY WORD THERMAL
FILE NUMBER 301439* DATE 00 69

TITLE
A THREE DIMENSIONAL FINITE DIFFERENCE SOLUTION FOR THE THER­
MAL STRESSES IN RAILCAR WHEELS (PAP. NO. 69-RR-4)

KEY WORDS

WHEEL WEAR: THERMAL STRESS DISTRIBUTION FROM BRAKE; SHEAR STRESSES; THERMAL 
HISTORY OF WHEEL; FATIGUE

SYNOPSIS
EARLY FINITE ELEMENT ANALYSIS OF WHEELS (ELASTIC)

**************************************************** ***************************

FILE PRINT SELECTED BY KEY WORD THERMAL 

FILE NUMBER 301454* DATE 00 78

AUTHOR
T. M. RUSIN, D. G. KLEESCHULTE. J, M. COUGHLIN

TITLE
APPLICATION OF THE FINITE ELEMENT METHOD IN THE DEVELOPMENT 
OF IMPROVED RAILROAD CAR WHEEL DESIGNS

KEY WORDS
FINITE ELEMENT ANALYSIS* TASK 10*

THERMAL & MECHANICAL LOADS ON WHEEL DESIGNS; CALCULATED STRESSES, 
DYNAMOMETER

SYNOPSIS
FINITE ELEMENT ANALYSIS OF DIFFERENT WHEEL DESIGNS

*******************************************************************************
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FILE NUMBER 301456* DATE 00 JUL 72

AUTHOR
M. H. LARSON, M. H. HUNTRESS & M. HALEY

TITLE
DISTRIBUTION OF HEAT BETWEEN WHEEL AND BRAKE SHOE

FILE PRINT SELECTED BY KEY WORD THERMAL ,

KEY WORDS
BRAKE SHOE HEATING, TASK 7

HEATING UNDER BRAKING PRODUCES THERMAL CRACKS, RESIDUAL STRESS; WHEEL 
FAILURE; SAFETY

SYNOPSIS
EVALUATION OF HEAT DISTRIBUTION BETWEEN WHEEL AND SHOE

****************************** ********************************************************

FILE PRINT SELECTED BY KEY WORD THERMAL

FILE NUMBER 301457* DATE 00 UUL 72

AUTHOR
M. B: ECK & M. G. NOVAK

TITLE
WHEEL STRESSES RESULTING FROM SIMULATED SERVICE DRAG BRAKING 
AND ASYMMETRICAL RAIL LOADING

KEY WORDS
FINITE ELEMENT ANLAYSIS, TASK 10

STRESS ANALYSIS; FINITE ELEMENT ANALYSIS; THERMAL STRESS UNDER BRAKING; 
DRAG BRAKING;

SYNOPSIS
OBSOLETE ELASTIC FINITE ELEMENT ANALYSIS PAPER

*****«*«*«**«*tt*e»*tt«»««w««**'tt«**»*tt«««tt««««'N'*«*««w»***«tt*tf*a»*«**««*«*»**««*o«



F IL E  NUMBER 301460# D ATE 00 JU L  72

FILE PRINT SELECTED BY KEY WORD THERMAL

AUTHOR
M. J .  L E E  ic M. J .  MURRAY

T I T L E
EXP ER IM EN TAL WORKS ON SEGM ENTS OP" IMPROVED S T E E L S  FOR WHEELS 
AND TYP ES

KEY WORDS
M A TER IA L PR O P ER TIES . TASK 3; DYNAMOMETER T E S T IN G . TASK  4;

WHEEL T E S T IN G  M ACHINE; THERMAL CRACKING OF TY R E S T E E L ; T E N S IL E . IM PACT. 
A B R AS IV E WEAR T E S T S

S Y N O P S IS
LABORATORY T E S T IN G  OF VAR IO US S T E E L  SEGM ENTS IN T O  TH E  TREAD OF T E S T  WHEEL. 
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ELEVATED TEMPERATURE FATIGUE BEHAVIOR OF CLASS B, C and U WHEEL STEELS

M. C. Fee, Senior Research Engineer and D. Utrate, Research Engineer 
Association of American Railroads 

Chicago, Illinois

ABSTRACT

Material properties of railroad wheel 
steels are very critical when using finite 
element analysis to determine wheel material 
performance. In the past, high temperature 
cyclic properties of ordinary wheel steels 
have been estimated in the calculations of 
fatigue lives. Furthermore, fatigue life 
properties of railroad wheel steels have never 
been determined. A  program investigating high 
temperature fatigue properties of these 
materials has been completed at the 
Association of American Railroads. A  high 
temperature testing facility was developed to 
monitor these tests and determine these 
properties. Through low cycle fatigue 
testing, more accurate predictions of fatigue 
lives of wheel steels can be made. Three 
different grades of wheel steels, B, C and 0 
were used for analysis. These steels were 
tested at room temperature, 200, 400 and 
600°C.

It was generally observed that cyclic 
performance deteriorated with increasing^ 
temperature. The heat-treated Classes B and C 
materials performed better than the 
unheat-treated Class U material. The 
differences in carbon level had a noticeable 
effect in fatigue performance.

INTRODUCTION

The development of fatigue cracks are the 
primary cause of most wheel failures in 
service. The majority of these cracks are a 
result of thermal damage arising from 
frictional heating developed during brake 
applications. To improve the service 
performance of wheels, selection of material 
with better resistance to fatigue failure at 
all temperatures that encompass wheel use is 
of considerable importance.

One way of evaluating the material 
properties and predicting service performance 
is full-scale tests. While this type of 
approach has its own merits, it also has 
serious drawbacks; the tests are usually 
complicated, time consuming and expensive.

Another way of predicting service 
performance is through the use of finite 
element techniques. This type of analysis can 
provide stress conditions that develop in the 
wheel from cyclic thermal and mechanical 
loading experienced during service.
Therefore, the properties used in the finite 
element analysis need to be derived from 
cyclic testing.

A convenient way of studying the fatigue 
behavior of wheel steels is through the use of 
small-scale laboratory tests. These tests, 
reported in this study were performed under 
fixed strain limits and isothermal conditions 
at room and elevated temperatures.

A  number of papers reporting the cyclic 
behavior and properties of Classes B, C and U 
wheel- steels at room temperature have been 
issued [1], [2] and [3] and the results are 
summarized in this report as well as new 
findings at the elevated temperatures.

EXPERIMENTAL PROCEDURES •

Material and Specimens
Specimens were taken from the rim section 

of Class B, C and U wheels. The chemical 
composition of these steel are listed in Table 
1.

The microstructure of these steels range 
from a relatively coarse pearlite for the 
unheat-treated Class U material to a finer 
pearlite for the rim quenched Class B and C 
materials. Specimens were cut from the rim 
such that their longitudinal direction was 
parallel to the tangential direction of the 
rim surface. The specimen dimensions are
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TABLE 1

Element
Carbon
Manganese
Phosphorus
Sulfur
Silicon

shown in Figure 1. The room temperature 
tests, which had been previously performed, 
utilized specimens with a 0.50 in. (1.27 cm.) 
gage length sections whereas the elevated 
temperature tests required a 1.00 
in. (2.54 cm.) gage length section as dictated 
by the extensometer.

Chemical Composition of 
Class B, C and U Wheels 

(wt %)

fi-Kh&el C_.Khfi.el U Wheel 
0.63% 0.68% 0.70%
0.72 0.81 0.90
0.018 0.022 0.012
0.025 0.033 0.035
0.29 0.28 0.25

2̂ _t_P. rfis.edu re
An automated materials test system was 1 

used for performing these tests and consisted 
of a 22-kip (100 kN) closed-loop 
servo-hydraulic test frame interfaced with a

Figure 1. Low Cycle Fatigue Test Specimen. 
Dimensions in inches 
one inch = 25.4 mm

Table

Figure 2. High Temperature Test Set-up.

minicomputer. A strain controlled constant 
amplitude program was implemented to run and 
monitor the tests. The parameters, strain 
amplitude and temperature were held constant 
throughout the test. Heating was provided by 
a 3-zone furnace. Strain measurements were 
made using a high temperature extensometer 
utilizing quartz rods. This test setup is 
shown in Figure 2.

Tests were performed at 200, 400, and 
600°C. Typically, 12 tests were run for 
each material at each temperature.

RESULTS

The cyclic fatigue properties derived from 
these tests are listed in Table 2..

2
Fatigue Properties for 

Classes B, C and U Wheel Steel

Wheel
Steel-

Temp.
°C

Of'
(ksi)

b ef ' c K'
(ksi)

n'

B 25 224 -0.106 0.631 -0.606 243 0.175
B 200 303 -0.156 0.257 -0.595 433 0.263
B 400 196 -0.114 2.590 -0.879 174 0.130
B 600 76 -0.093 0.918 -0.739 77 0.125

C 25 260 -0.111 1.850 -0.721 237 0.154
C 200 222 -0.092 0.147 -0.468 324 0.196
C 400 187 -0.096 8.700 -0.982 152 0.098
C 600 68 -0.075 1.921 -0.828 64 0.091

U 25 . 180 -0.101 0.528 -0.587 201 0.172u 200 159 -0.102 0.147 -0.448 246 0.228u 400 166 -0.118 1.685 -0.771 153 0.153u 600 81 -0.104 0.762 -0.698 84 0.148

oj' —  Fatigue strength coefficient 
b —  Fatigue strength exponent 
ef' —  Fatigue ductility coefficient 
c —  Fatigue ductility exponent 
K' —  Cyclic strength coefficient 
n « —  Cyclic strain hardening exponent

(1 ksi = 6.8948 MPa)
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The cyclic stress-strain relationship can be 
expressed by an equation of the following 
form:

<r/2 = K* (ep/2)n ' (1)

The strain-life and stress-life curves are 
described by the equations:

e/2 = (o-f '/E)(2Nf )b +
e f 1 (2Nf )c (2)

0/2 = CTf' (2Nf )b (3)

The tests were run under strain control, 
therefore the strain amplitude was constant 
throughout the test. These curves, shown in 
Figures 3, 4 and 5, exhibit the effect of 
temperature on fatigue lives.

Figure 3. Strain Amplitude-life Curves for 
B Wheel Material.

Figure 4. Strain Amplitude-life Curves for 
C Wheel Material.

The stress amplitude changes during the 
test due to cyclic softening or hardening.
The material however, cyclically stabilized 
after only a few percent of the fatigue life. 
The value for the stress amplitude was chosen 
at the half life. These curves are shown in 
Figures S, 7 and 8 and also exhibit the effect 
of temperature on the fatigue lives.

Failure of a test was arbitrarily chosen 
at a decrease in the tensile stress of 75%.

A  comparison between the three wheel 
materials was made at all the temperatures 
tested and can be seen in Figures 9 through 
16 •

Figure 5. Strain Amplitude-life Curves for 
U Wheel Material.

Figure 6. Stress Amplitude-life Curves for 
B Wheel Material.
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Figure 7. Stress Amplitude-life Curves for 
C Wheel Material.

Figure 9. Strain Amplitude-life Curves for 
B, C and U Wheel Materials at 
25°C.

BIWRSALR TO FAILURE

Figure 11. Strain Amplitude-life Curves for 
B, C and U Wheel Materials at 
400°C.

Figure 8. Stress Amplitude-life Curves for 
U Wheel Material.

Figure 10. Strain Amplitude-life Curves for 
B, C and U Wheel Materials at 
200°C.

REVERSALS TO FAILURE

Figure 12. Strain Amplitude-life Curves for 
B ,  C and 0 Wheel Materials at 
600°C.
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Figure 13. Stress Amplitude-life Curves for 
B, C and U Wheel Materials at 
25°C.

revereals to failure
Figure 15. Stress Amplitude-life Curves for 

B, C and U Wheel Materials at 
400°C.

The cyclic properties given in Table 2 are 
graphically represented in Figures 17 through 
22 to show their variation with temperature.

DISCUSSION

As the temperature is increased, strain- 
and stress-life curves generally show reduced 
reversals to failure for a given strain or 
stress range. This is evident in Figures 3 
through 8. However, in the low cycle region 
of the strain-life curves (<1000 reversals), 
life is independent of temperature. This is 
not evident on the stress-life curves because 
of the dramatic decrease in strength of the 
material beyond 400°C.

For a given cycle, cyclic plasticity 
increases with temperature and as the ratio of 
plastic strain to total strain increases, so 
does the damage per cycle. Even at a constant 
plastic strain range, the fatigue properties

REVERSALS TO FAILURE

Figure 14. Stress Amplitude-life Curves for 
B, C and U Wheel Materials at 
200°C.

Figure 16. Stress Amplitude-life Curves for 
B, C and U Wheel Materials at 
600°C.

are reduced with an increase in temperature 
because there is a transition from 
transgranular to intergranular cracking [4]. 
This is promoted by creep and oxidation.

The cyclic performance of the materials at 
a particular temperature is shown in Figures 9 
through 16. A  general observation is that in 
the low cycle region, the life is independent 
of material. This is evident in the 
strain-life curves, but not so much in the 
stress-life curves. At longer lives, material 
performance is more pronounced. It can be 
seen that the C wheel material has a higher 
resistance to fatigue than the other two wheel 
materials. With the exception of the curves 
at 200°C, it can also be seen that for a 
given strain or stress range, the B wheel 
material has a higher resistance to fatigue 
than the U wheel material.

The variation of the cyclic properties 
with temperature is shown in Figures 17 
through 22. With the exception of Figure 18,
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Figure 17. Variation with Temperature
of Fatigue Strength Coefficient 
for B, C and U Wheel Materials.

TMVUUTUM ,°C
Figure 18. Variation with Temperature

of Fatigue Strength Exponent 
for B, C and U wheel Materials.

Figure 19. Variation with Temperature
of Fatigue Ductility Coefficient 
for B, C and U Wheel Materials.

TEMKIMTU*E,°C

Figure 21. Variation with Temperature
of Cyclic Strength Coefficient 
for B, C and U Wheel Materials.

Figure 2.0. Variation with Temperature
of Fatigue Ductility Exponent 
for B, C and U Wheel Materials.

Figure 22. Variation with Temperature 
of Cyclic Strain Hardening 
Exponent for B, C and 0 Wheel 
Materials.
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the trends of the cyclic properties with 
temperature are evident.

To help understand some of these 
observations, three factors must be kept in 
mind:

1. carbon diffusion rate;
2. dislocation density and movement and;
3. recovery.

At test temperatures approaching 200°C, 
the carbon diffusion rate increases without 
any significant decrease in material 
strength. Beyond this temperature the 
material strength decreases at an accelerated 
rate. It is the interaction between 
interstitial carbon atoms and dislocations 
that control the strengthening process. This 
can also be referred to as strain aging. As 
the test temperature exceeds about 540°C, 
the recovery temperature, strain aging is no 
longer a factor. This is due to the 
accelerated thermal recovery. However, creep 
and hot
working are major factors at these 
temperatures.

CONCLUSIONS

1. Cyclic fatigue lives at all 
temperatures tested converged at 
strains exceeding one percent.

2. At strains less than one percent, lives 
are considerably reduced as the test 
temperature is increased.

3. Differences in material performance is 
more pronounced at longer lives (low 
strain amplitudes) than at shorter 
lives (high strain amplitudes).

4. The heat treated wheel materials (C and 
B) exhibit a higher resistance to 
fatigue than the unheat-treated U wheel 
material.

5. The higher carbon C material shows 
better resistance to fatigue than the 
lower carbon B material.
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CRACK ARREST TESTING OF 
CLASS U AND CLASS C RAILROAD WHEEL STEELS

David Utrata, Research Engineer 
Association of American Railroads 

Chicago, Illinois
ABSTRACT

The crack arrest fracture toughness (Kja > properties of 
two classes of railroad wheel steels were examined. Results 
indicate that the heat-treated Class C steel had a slightly 
higher Ka value than the untreated Class U steel at room 
temperature. At higher temperatures, this difference increased 
because the Class C steel exhibited an increase in crack arrest 
toughness with higher test temperatures, while the Class U steel 
Kja value remained essentially constant.

A calculation for critical flaw size tolerance, based on 
Kia values, suggested that Class C wheels could tolerate 
larger flaws than Class U wheels prior to catastrophic failure.

Attempts at correlation to actual wheel failure data 
suggested that further refinement to theory was necessary to 
adequately predict the behavior of thermal crack propagation. A 
possible modification employing crack initiation toughness in 
conjunction with crack arrest toughness is discussed.
INTRODUCTION

The railroad wheel is subjected to stresses arising from 
both mechanical and thermal loads. Mechanical loads include 
both vertical and lateral forces seen by the wheel under normal 
service conditions, and thermal loads are encountered due to the 
frictional heating created during brake applications. As the 
wheel is heated during braking, the rim of the wheel undergoes 
thermal expansion. Cooler underlying material nearer the center 
of the wheel restricts this expansion. This condition results 
in tensile stresses in the inner portion of the rim, and 
compressive stresses in the surface region while the rim is 
hot. The elevated temperatures which arise in the wheel during 
braking can significantly reduce the yield strength of the 
metal, thereby promoting permanent deformation in the outer 
regions of the rim. When the wheel cools to ambient 
temperatures, the residual stress state consists of tensile 
stresses in the outer regions of the rim, with a stress gradient 
extending radially inward, achieving compressive stresses in the 
inner portions of the rim. The combination of cooler 
temperatures and tensile residual stresses can then result in 
thermal cracking.

The calculation of such stress gradients has been documented 
for various braking conditions and wheel designs 11,2,3,43. 
Although specific gradient values may differ, the general 
existence of tensile residual stresses in the circumferential 
direction of the wheel rim has been.shown to be a result of such 
thermally-induced loading. Further, actual service 
investigations and dynamometer trials have suggested that the
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initiation of thermal cracks is an unavoidable condition C5D.
Ripling and Crosley C6D have suggested that the growth of 

such thermal cracks in the rim of railroad wheels is governed by 
the crack arrest fracture toughness, Kja , rather than the 
crack initiation fracture toughness,, Kjc . They have stated V, 
that the crack driving force, K, will cause cracks to propagate 
until Kja > K, at which point crack growth will be arrested.

The following study was undertaken to determine the crack 
arrest fracture toughness behavior, as a function of 
temperature, for both untreated and rim heat-treated railroad 
wheels.
CRACK ARREST TOUGHNESS TESTING
Mater ial_CgfnBgsit^gn_and_PrgBer ties

Two wheel steels were studied in this investigation. The 
compositions of both the untreated Class U steel and the rim 
heat—treated Class C steel are shown in Table 1. It should be 
noted that the compositions of the two steels were chosen to be 
roughly identical in order to avoid effects introduced by 
differences such as carbon content. Both steels were virtually 
fully pearlitic, with the difference between the two being a 
much finer interlamel1ar spacing in the Class C steel than the 
Class U steel.

The tensile properties of the two steels were also 
determined over the range of test temperatures investigated. 
These properties are listed in Table 2. The values shown were 
averaged from two test results at each test temperature.

Specimen Design and Orientation
The specimen design used for the crack arrest tests is shown 

in Figure 1. Not shown in this figure are the removable knife 
edges which were attached to the specimens by four machine 
screws. This specimen design allowed two adjacent specimen 
blanks to be machined from one portion of wheel rim. The1 
orientation of the specimens relative to the wheel configuration 
is shown in Figure 2. Although the crack propagation direction 
of these specimens is not the true radial direction of thermal 
crack extension, the crack plane is oriented similar to that of 
thermal rim cracks, and the proximity to the tread surface made 
this the most favorable specimen orientation. The specimens 
were tested in the as-machined condition, without the 
introduction of a brittle weld at the notch tip.

Crack Arrest Test Procedure
The procedure used in this study for the crack arrest tests 

was documented by Crosley and Ripling C73. Simply stated, the 
test specimens were wedge-loaded in an appropriate test fixture 
until rapid crack extension occurred. The test configuration 
for the crack arrest testing is shown schematically in Figure
3. The load applied to the wedge and the notch opening 
displacement were autographi'cally recorded during the test, and 
specimen temperature was determined with a thermocouple 
spot-welded directly to the specimens. Crack jumps were quite 
pronounced for all specimens tested, both on the test record of
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load-displacement and by audible detection. Specimens were 
heat-tinted -Following the test at approximately 450°C tor 1—2 
hours. The specimens were then submerged in liquid nitrogen, 
broken open to reveal the crack presence, arid appropriate 
measurements were made tor data reduction.

For a test result to be considered a valid measure ot crack 
arrest tracture toughness, three requirements must be 
fulfilled. First, the unbroken ligament in the specimen must 
exceed 10% of the original specimen width. Second, the unbroken 
ligament must exceed the value:

< 4 /tT) C Kf / (<Tys +C*0 ) T2 ,
where: Kf is the conditional stress intensity at arrest,

<j-yS is the 0.2% offset yield 
strength at temperature, 
and KTa *5 a strain rate correction 
factor = 30ksi (205 MPa).

These requirements must be fulfilled to justify using linear 
elastic fracture mechanics for data reduction. Finally, the 
specimen thickness, B, must be greater than or equal to the 
value:

1 .2 5CKf /((TyS + CT0 )32
This requirement must be met to ensure the condition of plane 
strain.

Test_Results
The test results for the Class U wheel steel are shown in 

Figure 4. The results are shown with a linear regression 
plotted for the valid data points, along with a standard 
deviation band. This line indicates a slight decrease in crack 
arrest fracture toughness as temperature increases, although the 
lower value at 75°C probably weighs the linear analysis too 
heavily. Therefore, an apparently more reasonable estimate of 
the Class U steel behavior is that the untreated steel is fairly 
insensitive to test temperature.

The equation of the line shown on the graph is:

K(ksi-in1/2) = -0.062 T(°C) + 43.53 <1>

On virtually all specimen fracture surfaces, the crack front 
did not proceed in a completely uniform fashion. That is, 
islands of apparently uncracked material were discovered within 
the perimeter of the crack front. The extent of this 
irregularity in the crack front progression varied between 
specimens, but no correlation was found to exist between a 
greater severity of this behavior with an increased inability to 
meet the validity requirements. The reason for the clustering 
of points not meeting the validity requirements at two 
particular test temperatures (50°C, 1 0 0 ° 0  is not known at 
this time. Specimens which did not meet validity requirements 
typically failed the second and third requirements, meaning that 
they did not satisfy linear elastic fracture mechanics 
limitations and/or did not meet the requirements of a plane 
strain condition.

The Class U steel experienced greater than a 17% reduction 
in yield strength over the range of test temperatures, with the
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ramification being an increasingly difficult ability -for this 
specimen geometry to con-form to validity requirements as test 
temperature increased. The use of thicker specimens in repeat 
tests should, therefore, provide a higher frequency of valid 
data points.

Figure 5 shows the crack arrest fracture toughness behavior 
of the Class C wheel steel. The data is plotted in a similar 
manner to the Class U data, with a linear regression and 
standard deviation band shown on the plot. Fewer invalid data 
points were encountered, and the linear analysis appears to be 
fairly evenly representative of the scatter in data. The plot 
shows a tendency for increasing crack arrest fracture toughness 
with test temperature for this pearlitic quenched and tempered 
steel.

The equation of the linear regression describing this 
behavior is:

K(ksi—in1/2> = 0.158 T(°C) + 56.26 (2)

The appearance of unbroken islands of material on the 
specimen fracture surfaces was also discovered in this steel 
after testing, but as a whole, no conclusive correlation between 
this phenomenon and the ability to meet validity requirements 
was found to exist. The only instance when the appearance of 
the crack front correlated directly with an ability to meet 
validity requirements was for the Class C specimens tested at 
100°C. Of the six specimens tested, three were determined to 
give invalid results. These three specimens also exhibited a 
much more pronounced tendency to leave unbroken regions of 
material within the boundary of the crack front. This suggests 
that a refinement in the data reporting technique might result 
in a more accurate definition of Ka values which conform to 
validity requirements. For example, data collection which 
utilized area measurements of crack surfaces instead of lengths 
might provide a different interpretation of some of the data 
points presented in this paper. Such measurements are planned 
for a future reevaluation of the data, but have not been 
performed to date.

The appearance of the fracture surface on a specimen from 
each class of steel is shown in Figure 6. Both steels exhibited 
cleavage type failure over the entire fracture surface. The 
general appearance of the Class C specimen fracture surfaces 
differed from those taken from the Class U wheel due to the 
refinement of the microstructure achieved in the heat treating 
process. Specifically, the Class U specimens appeared to be 
notably shinier than the Class C specimens, because the cleavage 
facets on the fracture surfaces were significantly larger. The 
tendency to leave unbroken islands of material or to produce 
uneven crack fronts, however, was not limited to either steel. 
Both specimens shown are from valid tests performed at 25°C.

A general observation regarding the occurrence of unbroken 
regions of material is that adjacent to these areas, the crack 
deviates from continuing in one plane. This difference in 
"plateau" height was quite pronounced in some instances, but 
this behavior was not accompanied by a change in fracture
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morphology when going -from one side of the plateau to the other.
The general -fracture surface appearance of specimens from 

the Class U and Class C steels are shown in Figures 7 and 8, 
respectively. These figures show the fractographic appearance 
in regions of both early crack growth and approximate crack 
arrest, as viewed on the scanning electron microscope (SEM). No 
distinct demarcation was found to reveal the exact presence of 
the arrested crack front on either specimen. The effect of a 
grain size difference is again visible on these specimens, with 
the finer—grained Class C steel exhibiting more facets on the 
fracture surface. It should be noted, however, that for each 
class of steel, a pronounced change in fracture morphology 
before and after crack arrest was not evident. A more critical 
review of crack morphology is planned for these specimens, but 
data is currently not available for inclusion in this paper.
Flaw Tolerance Analysis

The stress intensity factor, K, may be thought of as the 
crack driving force. The most general definition of K is:

K = Y T j V a "  (3)

where Y = a shape factor dependent on the 
dimensions of both the structure 
containing the flaw and the shape 
of the crack,

<T~ = stress, and 
a = crack depth.

For the scope of this paper, the shape factor, Y, was chosen 
to be equal to unity.

The stress intensity values at which a crack will arrest, 
Kja , maY then be used to calculate the critical flaw size, 
below which the crack should not propagate. Figure 9 shows the 
calculated critical flaw size for Class C and Class U steels at 
25°C over a range of stress values. The data used for 
calculating critical flaw size employed the crack arrest 
toughness values for these two steels at room temperature.
These calculations are not directly applicable to real-life 
situations over the entire stress range for both steels. At 
lower stress values, the graph shows that the Class C steel 
would theoretically tolerate a flaw size of over two inches in 
size. This is probably not accurate, as a flaw of this size in 
the rim of a railroad wheel would be very likely to continue 
growing into the plate of the wheel. Flaws of this size are 
considered to be equivalent to full wheel failure, and therefore 
to predict tolerance of a crack of this magnitude would not be 
realistic.

The Class U steel data for the higher stresses shown is also 
somewhat tentative, as this data approaches the yield strength 
of the material. The stress at which the in-service extension 
of existing flaws actually occurs is not accurately known, but 
it is reasonable to assume that a wheel having a flaw and being 
subjected to stresses approaching the yield strength will 
undergo significant damage. Therefore, characterizing the flaw 
tolerance of Class U steel at these stresses is probably
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non—conservative at best.
The graph does show, however, that based on crack arrest 

toughness, the heat—treated Class C steel could tolerate a 
larger -flaw in the wheel structure at a given stress level than 
the untreated Class U steel.

If the Kja values at higher temperatures is used, the 
curves relating flaw size to stress would shift accordingly.
That is, the Class C steel was shown to have a higher Kja 
value at higher temperatures. This would mean a larger flaw 
size could be tolerated at similar stress levels, if the steel 
was at higher temperatures. Another observation this suggests 
is that Class C wheels would be better off running at slightly 
elevated temperatures than would Class U wheels, since the data 
would indicate that larger flaws could be tolerated.

Because of the shallow slope in the relationship between 
Kja values and temperature, the flaw size tolerated by the 
Class U steel would change by a much smaller increment. In 
fact, if the downward trend in crack arrest toughness value is 
actually overly affected by the one particularly low value 
reported and should instead be horizontal, the critical flaw 
size tolerated at any stress level would appear to be 
independent of temperature.

DISCUSSION
The crack arrest toughness value has been suggested to be 

the controlling parameter governing the propagation of thermal 
cracks in railroad wheels. This property was determined for two 
classes of steel used in wheels, namely, an untreated Class U 
wheel steel and a quenched and tempered Class C wheel steel.

Using, only those data points which conformed to the validity 
requirements associated with this test procedure, the Class U 
steel exhibited essentially no dependence of crack arrest 
fracture toughness for the test temperatures studied, while the 
Kla values determined for the Class C steel increased with an 
increase in test temperature. The reason for this contrast in 
behavior is possibly related to microstructural effects. The 
Class U steel had a much coarser pearlitic structure than the 
heat-treated Class C steel. This suggests that the finer 
interlamel1ar structure present in the heat-treated steel 
offered a more resistant path to crack propagation, resulting in 
an increase in the crack arrest fracture toughness value.

A simple analysis to calculate the critical flaw size which 
could be tolerated by the two steels for crack arrest was 
performed. The Class C steel was shown to tolerate larger flaws 
than the Class U steel at a given stress level. Further, the 
Class C steel, exhibiting a temperature dependency for Kja 
values, could tolerate larger flaw sizes at higher temperatures; 
or more accurately, arrest the growth of larger flaws. This 
behavior is not expected of the Class U steel over the 
temperature range studied, based on the data in this report. 
Since the data for the ClasS~-U steel becomes so scattered at 
increasing temperatures and also exhibits an increase in the 
amount of invalid data points, a refinement in the test 
procedure employing thicker specimens might lessen the frequency
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of invalid tests, and possibly reveal an increase in crack 
arrest -fracture toughness only evident at higher temperatures 
than those studied here. That is, the difference in behavior 
may reflect a change in transition temperatures between the 
steels studied.

Both classes o-f steel exhibited the occurrence o-f unbroken 
islands o-f material within the boundary o-f the crack front.
This behavior is not readily explained, and in general, does not 
correlate with the ability of test data to conform to validity 
requirements for plane—strain fracture or behavior consistent 
with linear elastic fracture mechanics. The effect of 
underlying microstructure in relation to this phenomenon remains 
to be investigated. The use of thicker specimens in an attempt 
to obtain a higher frequency of valid data points might also 
yield more insight into this behavior.

The correlation of crack arrest to documented wheel failures 
is warranted at this point.

Opinsky has analyzed data for wheel failure incidents H8D. 
The vast majority of wheel failures were characterized by the 
appearance of thermal crack growth, initiating at various points 
on the rim surface, which had progressed to some critical crack 
size and caused full failure of the wheel. This crack growth 
was typically characterized by an average crack size of about 
3/4", and experienced unstable crack growth at stresses 
estimated to be on the order of 30 ksi. This data shows good 
correlation with the critical flaw size predicted in Figure 9 
for Class U steel, suggesting that the stress intensity for 
critical flaw tolerance, based on crack arrest toughness, was 
fairly representative of actual experience. It should be noted, 
though, that the crack arrest toughness value for Class (J steel 
used in this study is quite close to the crack initiation 
toughness-r-eported for the same steel C7D. The calculated 
critical flaw sizes for Class C wheels, however, were larger 
than those actually measured on failed Class C wheels.

Two areas of discrepancy are noted which question the 
applicability of solely using crack arrest properties in an 
analysis of the thermal cracking problem. First, the mode of 
cracking for the virtually all real failures (both wheel 
classes) was apparent fatigue crack propagation up to some 
critical size, and not an arrested cleavage crack which saw 
subsequent unstable growth. If crack arrest toughness were : 
truly the parameter which controls the behavior of thermal 
cracks in wheels, one would expect to find a larger population 
of cleavage cracks which exhibited temporarily arrested behavior 
along their crack paths. This suggests, at least, that the 
stress intensity at a growing crack in a railroad wheel rim is 
subject to additional factors, possibly dynamic in nature, which 
preclude the arrest of the crack in most cases. Second, the 
crack sizes present in Class C wheels prior to catastrdphic 
failure were found to be closer to crack sizes in Class U wheels 
than predicted by the critical flaw calculation based on Ka 
values. Opinsky's data suggests, though, that there is a 
tendency for the failure of Class C wheels to occur at higher 
stresses for a given flaw size as compared to Class U wheels.

From Carter and Caton's work C13, the crack initiation
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toughnesses -for both classes o-f wheels was determined to be 
quite similar, being dependent on carbon content and not heat 
treatment. Keeping this in mind and reviewing the actual wheel 
■failure data, it seems likely that a combination o-f both crack 
toughness and arrest properties is actually governing the 
behavior o-f thermal cracks in wheels. Speci-f i cal 1 y , the ratio 
o-f Kjc to Ka -for both steels is not a constant term, but 
instead is a larger value -for Class U wheel steel.

A physical interpretation o-f this might be that a greater 
number o-f cracks could initiate and grow to critical size in 
Class U wheels than in Class C wheels -for similar stresses.
Then, if crack arrest is only partially e-f-fective in retarding 
crack growth in actual wheels, the greater crack arrest 
toughness in Class C wheels could conceivably be the mechanical 
property which allows the Class C wheels to withstand more 
dynamic aspects o-f stress loadings.

The idea o-f viewing crack arrest in railroad wheels as only 
a partially e-f-fective mechanism -for modeling crack growth might 
also suggest that crack patterns assumed to be strictly -fatigue 
in nature actually include some points o-f crack arrest and 
re-initiation. Since crack arrest in laboratory specimens was 
difficult, if not impossible, to identify through fracture mode 
changes, it seems reasonable to assume that a small crack jump 
and arrest in the life of a wheel rim crack may be quite 
undetectable in service failures undergoing visual inspection, 
particularly if fatigue processes before and after such a 
jump/arrest continue to rub the fracture surfaces together.

CONCLUSIONS |
The results of this study indicate that the crack arrest 

fracture toughness of heat-treated Class C wheel steel is 
somewhat higher than untreated Class U steel at room 
temperature, and that this difference increases with 
temperature.

A dependency of K'ia values on test temperature was noted 
for Class C steel, while Class U steel appeared fairly 
insensitive to temperature. This difference appears to be 
related to the effect of interlamellar pearlite spacing on crack 
propagation in the steel.

Based solely on the K'ja data, it may also be concluded 
that rim heat-treated wheels could arrest larger thermal cracks, 
prior to unstable propagation, than untreated wheels. The 
critical flaw size tolerated would increase with temperature for 
the Class C wheels. This behavior would not appear in Class U 
wheels below 100°C.

A comparison of actual wheel failure data revealing critical 
flaw size prior to full failure showed fairly good agreement for 
Class U data, but suggested that predictions for critical flaw 
size tolerance for the Class C wheels based on Ka values were 
too large.

Considering that Class LP wheels appear to fail more 
frequently than Class C wheels, and coupled with the fact that 
in all wheel classes, pronounced crack arrest is seemingly rare, 
it is suggested that crack arrest data be modified with some
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correction -factor to more accurately reflect actual service 
lives. This -factor could be based on the ratio o-f crack 
initiation -fracture toughness to crack arrest -fracture 
toughness.
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Table 1.
Chemical Composition o-f

Ulass U and C Wheel Steels
<wt. %)

Element Class U Class C
Carbon 0. 70% 0.72%
Manganese 0. 78 0.78
Phosphorus 0. 011 0.029
Sul-fur 0. 032 0.036
Si 1 icon 0.27 0.27
Nickel 0.04 0.02
Chromi urn 0.05 0.06
Molybdenum 0.01 0.01
Copper 0.04 0. 01

Table 2.
Tensile Properties o-f 

Class U and C Wheel Steels
Temperature_(deg_CO

-25 0 25 50 75 100
Class U Steel

Yield Strength (ksi) 
Ultimate Tensile

67. 14 58.77 59.32 57.92 55.77 55. 2.
Strength (ksi) 

Reduction in
139.3 127.2 125. 5 120.9 117.0 114.6

Area (%) 

Class C Steel
13.6 9.9 12.3 13.6 17.8 16.4

Yield Strength (ksi) 
Ultimate Tensile

107.5 105. 5 109.7 105. 4 108.2 106.2
Strength (ksi) 

Reduction in
173.9 168. 1 170. 8 163.3 166. 0 164.7

Area (%) 17.0 22. 7 28.3 22.3 24.3 23.3
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A' A

Figure 1. Specimen Used For Crack 
Arrest Tests.

Figure 2. 
Speci mens

Orientation o-f 
in Wheel Rim. 
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Figure 3. Schematic o-f Crack Arrest Test.

CRACK ARREST TOUGHNESS VERSUS TEMPERATURE

Fi gure A 
Versus

Crack Arrest hracture Toughness 
Temperature -for Class U Steel.
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CRACK ARREST TOUGHNESS VERSUS TEMPERATURE
Class C wheel steel

Figure 5. Crack Arrest Fracture Toughness 
Versus Temperature -for Class C Steel.

O N t  I N C H

Beneral Fracture Appearance o-f 
Crack Arrest Specimens, -from 
Class C (top) and Class U.

' - 13 -
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Figure 7. Fracture Surface of Glass U Crack 
Arrest Specimen, Before (left) and 
After Crack Arrested; Mag. 500X.

Arrest Specimen, Before (left) and 
After Crack Arrested; Mag. 500X.
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CRITICAL FLAW SIZE VERSUS STRESS

Stress, ksi

Figure 9. Critical Flaw Size Vs. Stress 
For Wheel Steels, Based on 
Crack Arrest Data.I
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APPENDIX 4.3

MASTER DATA BASE OF SAW-CUT WHEELS



APPENDIX 4.3

MASTER DATA BASE OF SAN-CUT WHEELS 
(GREATER THAN 4-INCHES DISCOLORATION BOTH SIDES)

*. FRON DESIGN ' DISCOLORATION CLOSED MAX. NIXED CLASS H-T FLANGE FLANGE RIM RR ID REF.
1=Loh Str — OPEN. — HEIGHT THICK. THICK.
2=High * FRT BACK CODE 89 C.O.l C.0.2 MIN

1 SRy 1' 4.50 Y 0.009 0.70 3.4 0.0027 CJ-33 U 0.75 1 AD HOC
2 SRy 1 5.00 Y 0.018 0.60 2.6 0.0018 CJ-33 U 2 AD HOC
3 SRy 1 3.00 N 0.006 0.30 3.6 0.0038 CJ-33 U 3 AD HOC
4 SRy 2 3.75 . N 0.999 J-33 U 4 AD HOC
5 SRy " 1 4.00 Y 0.001 0.30 5.0 0.0022 CJ-33 ' U 5 AD HOC
6 SRy 1 0.00 N 1 CJ-33 C . 6 AD HOC
7 SRy' 1 0.00 N 0.024 0.40 2.2 0.0007 CH-36 U 7 AD HOC

' 8 SRy / 1 4.00 Y 0.010 0.30 3.1 0.0016 CJ-33 U B AD HOC
9 SRy 1 4.50 N 1 CJ-33 c ■ 9 AD HOC

10 SRy • 2 0.00 N 1 H-36 c 10 AD HOC
11 SRy 1 0.00 N 1 CJ-33 c 11 AD HOC
12 SRy 1 0.00 N 0.008 0.50 3.2 0.0020 CJ-33 u 12 AD HOC
13 SRy 1 0.00 N 1 CJ-33 ■ u 13 AD HOC
14 SRy 1 5.00 Y 0.003 0.50 5.4 0.0040 CJ-33 u " ' 14 AD HOC
15 SRy 1 5.00 Y 0.006 1 0.50 3.2 0.0014 CJ-33 u 15 AD HOC
16 SRy 1 4.00 Y 1 ' CJ-33 c 16 AD HOC
17 SRy 2 ' 3.00 N 1 H-36 c 17 AD HOC
18 SRy 1 4.00 Y 0.005 0.40 3.8 0.0027 CJ-33 u 18 AD HOC

,19 SRy 1 0.00 N 0.022 0.30 2.7 0.0009 CH-36 u 19,AD HOC
',20 SRy 2 3.50 N 0.016 0.70 2.2 0.0010 CH-36 u ■ 20 AD HOC
21 SRy. . 1 0.00 N 0.015 0.30 2.5 0.0012 CJ-33 u •21 AD HOC
22 SRy 1 5.00 Y 1 CJ-36 c 22 AD HOC
23 SRy 2 3.50 N 0.002 0.* 4.1 0.0023 J-33 u 23 AD HOC
24 SRy 1 0.00 N 0.035 CH-36 If 24 AD HOC
25 SRy 1 3.50 N ' , 0.011 0.30 3.0 0.0018 CJ-33 (I 25 AD HOC
26 SRy 2 3.50 N 0.031 CH-36 u ' 26 AD HOC
27 SRy 2 4.50 Y 0.015 1.20 3.0 0.0013 H-36 u 27 AD HOC

.28 SRy, 1 0.00 N 0.007 0.00 3.6 0.0027 CJ-33 u ' 2B AD HOC
29 SRy 2 3.00 N 0.040 J-33 u 29 AD HOC
30 SRy ■ i 4.50 Y 0.014 1.20 2.9 0.0014 CJ-33 u 30 AD HOC
31 SRy ' 1 4.00 Y 1 0.018 0.30 2.9 0.0014 CH-36 u 31 AD HOC
32 SRy 2 3.00. N 1 J-36 c 32 AD HOC
33 SRy 1 4.50 Y 0.001 0.50 6.2 0.0047 CHr33 u ' 33 AD HOC
34 SRy r 4.50' Y 0.008 0.40 3.1 0.0018 CJ-33 u 34 AD HOC
35 SRy 2 3.50 N 0.031 CH-36 u 35 AD HOC
36 SRy 2 5.00 Y 0.999 H-36 u 36 AD HOC
37 SRy 1 3.00 N 0.007 0.50 3.5 0.0020 CJ-33 u . 37 AD HOC
38 SRy 2 5.50 Y 0.999 H-36 u 38 AD HOC
39 SRy 1 3.50 N 0.017 0.60 3.0 0.0014 CJ-36 u 39 AD HOC
40 SRy 1 4.63 Y 0.050 CJ-33 u 40 AD HOC
41 SRy" 2 4.30 Y 0.033 CH-36 u .41 AD HOC
42 SRy 1 3.63 N 0.001 0.20 5.3 0.0050 CJ-33 u 42 AD HOC
43 SRy 1 3.00 N 1 CJ-33 u 43 AD HOC
44 SRy 2 2.75 N 1 J-36 c 44 AD HOC
45 SRy 1 5.50 Y 0.043 CJ-33 u 45 AD HOC
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46 SRy 1 0.00 N 0.005 0.50 4.0 0.0005 CJ-33 ' U
47 Sfty / 1 4.00 Y 0.033 0.50 2.0 0.0007 CH-36 U
48 SRy 2 0.00 N 1 J-36 C
49 SRy 2. 3.00 N . 0.013 1.00 3.2 0.0014 H-36 U
50 SRy • 1 5.00 Y 1 CO-33 C
51 SRy 1 3.00 N 0.011 0.60 2.3 0.0012 C0-? u
52 SRy 2 0.00 N 0.022 1.20 1.9 0,0003 CH-36 u
53 SRy 2 3.50 N 1 . 1 J-33 u
54
55 UP, 1 1.68 • N 0.051 CM-33 u
56 UP 1 1.88 N ■ 0.014 0.00 1.5 0.0020 CJ-33 u
57 UP, 1 5.25 Y 0.013 CC-38 8
58 UP. " 1 3.63 N 0.018 0.00 3.0 0.0060 CJ-33 1 U
59 UP 1 4. OB Y 1 CC-38 B
60 UP 1 3.25 N 0.034 0.00 2.5 0.0040 CJ-33 U
61 UP ' 1 3.19 N 0.011 0.00 2.0 0.0030 CJ-33 U
62 UP 4.08 Y 0.044 CH-33 U
63 UP 4.63 Y 1 CJ-33 U
64 UP 2 4.50 Y 0.038 H-36 U
65 UP 2 4.92 Y 0.045 0.00 1.5 0.0010 H-36 U
66 UP 2 4.32 Y 0.092 ' H-36 ■ C
67 UP 2 5.13 Y 0.999 J-36 U
68 UP 1 5.19 Y ' 0.999 CH-36 u
69 UP 2 , 4.94 Y 0.033 H-36 u
70 UP 1 4.56 Y 0.037 CH-36 u
71 UP 1 4.44 Y 0.020 0.50 2.0 0.0050 CJ-33 . u
.72 UP ■ 1 4.44 Y 0.026 0.50 1.5 0.0020 CJ-33 u
.73 UP 1 0.00 N 0.030 1.00 1.5 CJ-36 u
74 UP • 1 0.00 N 0.007 3.0 CJ-36 u
75 UP ' 1 0.00 N 0.005 ' 1.00 3.5 0.0020 CH-33 u
76 UP 1 0.00 N 1 CE-28 u
77 UP 1 0.00 N 0.007 1.50 3.7 0.0020 CH-33 u
78 UP ; 2 2.63 N 1 l B-3B c
79 UP 1 0.00 N 0.009 , CJ-36 u
80 UP 1 0.00 N 0.023 0.00 2.0 0.0030 CJ-36 u
81 UP 1 0.00 N 1 CE-28 D
82 UP 2 3.13 Y 0.047 CC-38 c
83 UP 3.50 N 1 CC-38 c
84 IIP 1 3.75 N 1 1 C-38 B
85 UP 2 3.50 N 0.028 C-38 B
86 UP 2 2.50 N 1 C-38 B
87 UP 2 2.88 N 1 J-36 B
08 UP 2 0.00 N 1 H-36 U
89 UP 2 0.00 N 1 H-36 U
90 UP 2 3.19 N 0.007 1.50 3.7 0.0015 H-36 U
91 UP 2 4.00 Y 1 J-36 B
92 UP 2 4.44 Y , 1 CJ-36 U
93 UP ' 1 4.00 Y 0.042 0.00 2.2 0.0020 CJ-33 U
94 UP 1 4.68 Y 0.026 1.00 2.4 0.0040 CC-38 B
95 UP 1 0.00 N 1 CC-38 B
96 UP . 1 4.63 Y 1 CC-38 B
97 UP 1 . 5.25 Y 1 CC-38 B
98 SRy 2 0.00 0 N J-33 C
99 SRy 2 0.00 1 N 0.017 0.90 2.3 0.0005 J-33 C

100 SRy 2 0.00 N 1 J-33 C
101 SRy . 2 0.00 N 1 J-33 C

1.3
1

1.6
46 AD HOC
47 AD HOC

1.25 0i. 48 AD HOC
1.2 1.9 49 AD HOC

1.25 1.2 50 AD HOC
1.2 1.2 51 AO HOC
1.2 1.4 52 AD HOC
1.4 1.3 53 AD HOC

1.2 1.08 1.9 1 AD HOC
2 AD HOC
3 AD HOC
4 AD HOC
5 AD HOC
6 AD HOC
7 AD HOC
8 AD HOC
9 AD HOC

10 AD HOC
11 AD HOC 

• 12 AD HOC
13 AD HOC'
14 AD HO,C
15 AD HOC
16 AD HOC
17 AD HOC
18 AD HOC
19 'AD HOC
20 AD HOC
21 AD HOC
22 AD HOC
23 AD HOC
24 AD HOC
25 AD HOC
26 AD HOC
27 AD HOC
28 AD HOC
29 AD HOC
30 AD HOC
31 AD HOC
32 AD HOC
33 AD HOC
34 AD HOC
35 AD HOC
36 AD HOC
37 AD HOC
38 AO HOC 

• 39 AD HOC
40 AD HOC 

. 41 AD HOC
42 AD HOC
43 AD HOC
34 0 H Elf
35 0 H EXF
36 0 H EXI
37 0 H EXP
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/

102 SRy 1 0.00 0 N 1 J-33 C 38 0 H E1'
103 SRy 1 0.00 N 1 3-33 C 39 0 H E'
104 SRy 1 0.00 N J-33' C 40 0 H E):
105 SRy 1 N 0.011 0.95 2.8 0.0008 J-33 C 41 0 H El-
104 SRy 1 0.00 N 1 J-33 C 42 0 H El’
107 SRy 1 0.00 0 N 1 J-33 C 43 0 H E)'
10B SRy 1 0.00 N 1 J-33 C 44 0 H E;'
109 SRy 0.00 N 1 J-33 C 45 0 H V
110 SRy 1 0.00 N 1 J-33 C 46 0 H El
111 SRy 1 0.00 0 N 0.008 0.75 2.0 0.0002 CJ-33 U 47 0 H EJ'
112 SRy 0.00 N 0.007 0.75 2.5 0.0007 CJ-33 1 U 4B 0 H El-
113 SRy , 1 0.00 0 N 1 CJ-33 c " 49 8 H El
114 SRy 1 0.00 N 1 l CJ-33 c 50 0 H E):
115 SRy ; 0.00 N CJ-33 c 51 0 H IV
116 SRy 1 0.00 N 0.005 0.60 3.3 0.0011 CJ-33 u 52 0 H El'
117 SRy ' 0.00 N 0.008 0.50 3.6 0.0014 CJ-33 u 53 0 H Eli
118 SRy 1 0.00 0 N 1 CJ-33 c 54 0 H Elf
119 SRy 1 4.00 V 1 CJ-33 c 55 0 H El
120 SRy 1 0.00 N 1 CJ-33 c 56 0 H El'
121 ATSF ' 1 2 4.75 y 0.046 H-36 u 1.25 1.25 1.63 1 AO HOI.
122 ATSF 2 4.25 V 1 H-36 u 1.25 1.25 1.63 2 AD HOC
123 ATSF 2 4.25 Y CH-36 u 1.25 1.31 1.38 3 AD HOC
124 ATSF ' 2 3.00 N CH-36 u 1.38 . 1.33 1.19 4 AD HOC
125 ATSF 2 0.00 N 0.009 H-36 u 1.31 1.25 1.56 5 AD HOC
126 ATSF 2 0.00 N 0.006 H-36 u 1.25 , 1.13 1.56 7 AD HOC
127 ATSF 2 0.00 N 1 H-36 u 1.31 1.25 1.25 '8 AD HOC
128 ATSF 2 • 2.00 N ,0.032 CH-36 u 1.44 1.25 1.25 9 AD HOC
129 ATSF ' 2 5.00 Y 0.017 CH-36 u 1.25 1.38 1.31 10 AD HOC
130 ATSF 2 4.00 Y ' 0.030 . H-36 u 1.38 1.25 1.31 15 AD HOC
131 ATSF 2 5.00 . Y 0.030 .. H-36 u 1.31 1.19 1.31 16 AD HOC
132 ATSF 2 3.25 N 0.040 H-36 u 1.25 1.13 1.63 . 17 AD HOC
133 ATSF ■2 4.00 Y 0.013 H-36 c 1.31 1.19 1.56 18 AD HOC
134 ATSF 2 4.50 Y 0.040 CH-36 u 1.38 1.31 1.25 ■ 19 AD HOC
135 ATSF 2 3.00 N 0.005 0.50 3.3 0.0014 CH-36 u 1.25 1.19 1.31 20 AD HOC
136 ATSF . 2 4.00 Y 0.030 CH-36 11 . 1.25 1.31 1.38 21 AD HOC
137 ATSF ; 2 3.50 N 0.002 1.00 2.8 0.0011 H-36 u 1.25 1.25 1.5 22 AD HOC
138 ATSF 2 4.75 N . 1 H-36 u 1.38 1.25 1.44 ' 23 AD HOC
139 ATSF. 2 3.50 N ' 0.025 CH-36 u 1.25 1.25 1.31 24 AD HOC
140 ATSF . . 1 4.00 4.00 Y 1 CJ-36 c 1.31 1.25 1.15 1 BN BARi
141 ATSF 1 -5.00 5.00 Y 0.006 0.50 3.7 0.0020 CJ-36 c 1.19 1.25 1.63 2 BN BARi
142 ATSF 1 5.00 5.00 Y 0.024 0.75 3.7 0.0010 CJ-36 c 1.13 1.38 1.63 3 BN BARi
143 ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.13 1.38 1.63 4 BN BAR:
144 ATSF 1 4.00 . 4.00 Y 1 CJ-36 c 1.19 1.44 1.63 5 BN BAR!
145 ATSF 1 4.00, 4.00 Y 1 CJ-36 c 1.25 1.38 1.56 . 6 BN BAR'
146 ATSF 4.50 4.50' Y 0.027 0.50 2.3 0.0010 CJ-36 c 1.06 1.50 1.69 . 7 BN BAR!
147 ATSF 4.00 4.00 Y 1 CJ-36 c 1.19 1.58 1.19 8 BN BAR'
148 ATSF 1 4.00 5.00 Y 1 CJ-36 c 1.25 1.13 1.63 9 BN BAR!
149 ATSF ' 1 4.00 4.00 Y T CJ-36 c 1.25 1.31 1.69' 10 BN BARI
150 ATSF ; 1 4.00 4.50 Y 1 CJ-36 c 1.06 1.50 1.69 11 BN BARI
151 ATSF . 1 4.00 5.00 Y 1 CJ-36 c 1.06 1.44 1.75 12 BN BAR!
152 ATSF 1 4.00 4.00 1 Y 1 CJ-36 c 1.06 1.44 1.31 13 BN BAR!
153 ATSF 1 4.00 4.50 Y 0.025 0.65 2.9 0.0030 CJ-36 c 1.75 1.31 1.56 14 BN BAR!
154 ATSF 1 4.00 4.00 Y 0.009 0.00 3.8 0.0024 CJ-36 c 1.06 1.44 1.69 15 BN BAR!.
155 ATSF 1 1 4.00 3.00 N 0.005 0.00 5.5 0.0028 CJ-36 c 1.13 1.44 1.69 16 BN BAR!
156 ATSF. 1 3.50 5.00 N ■0.004 0.70 6.5 0.0038 CJ-36 c 1.31 1.38 1.5 17 BN BAR'
157 ATSF 1 3.00 3.00 N 1 CJ-36 c 1.25 1.31 1.56 18 BN BAP.!

I
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"1 ftTBF 1 5.00 4.00 7 1 CJ-36 C 1.19 1.38 1.63 19 BN BARK
’’ ATSF • 1 4.00 4.00 Y 1 CJ-36 c 1.13 1.38 1.63 20 BN BARK
0 ATSF ' 1 4.50 4.50 Y CJ-36 c 1.19 1.44 1.56 21 BN BARK
! ATSF 1 4.50 5.00 Y ' 1 CJ-36 c 1.00 1.31 1.44 22 BN BARK

•2 ATSF 1 • 6.00 4.50 Y 0.043 CJ-36 c 1.19 1.25 1.19 23 BN BARK
3 ATSF 1 5.00 4.00 Y 1 CJ-36 c 1.06 1.31 1.31 24 BN BARK

;4 ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.19 1.38 1.44 25 BN BARK
5 ATSF 1 4.00 4.00 Y 1 CJ-36 c. 1.19 1.38 1.56 26 BN BARK

' i  ATSF . V 4.00 4.00 Y 1 CJ-36 c "1.31 1.38 1.56 27 BN BARK
7 ATSF 1 4.00 4.00 Y 0.020 O.00 2.5 0.0015 CJ-36 c 1.13 1.50 1.63 28 BN BARK,

29 BN BARK'■ 5 ATSF , 1 • 3.00 4.00 Y 1 ■ CJ-36 c 1.56 1.50 1.56
'9 ATSF . 1 ' 4.00 4.00 Y 0.045 0.50 1.6 0.0007 CJ-36 c 1.13 1.44 1.69 30 BN BARK
0 ATSF ' 1 5.00 5.00 Y 0.030 0.50 1.4 0.0004 CJ-36 c 1.06 1.31 1 31 BN BARK

:1 ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.06 1.19 1.13 32 BN BARK
■2 ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.13 1.31 1.63 33 BN' BARK
'3 ATSF • 1 4.00 5.00 Y 1 CJ-36 c 1.06 1.44 1.75 34 BN BARK
'4 ATSF 1 4.00 4.00 • Y CJ-36 c 1.13 1.31 1.63 35 BN BARK
5 ATSF 1 4.00 4.00 Y CJ-36 c 1.19 1.31 1.63 36 BN BARK
'6 ATSF . 1 4.00 4.00 Y 1 CJ-36 c 1.19 1.38 1.56 37 BN BARK
7 ATSF. ■ 1 4.00 4.00 Y , 0.022' 0.00 3.0 0.0030 CJ-36 . c 1.25 1.44 1.56 38 BN BARK
•8 ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.13 1.38 ' 1.69 39 BN BARK
•8 ATSF 1 5.00 4.00 Y i CJ-36 c 1.19 1.19 1.25 40 BN BARK
‘Q ATSF 1 4.00 4.00 Y 1 CJ-36 c 1.19 1.38 1.56 41 BN BARK
"1 ATSF . 1 4.00 4.50 Y 0.020 CJ-36 c 1.19 1.25 1.63 42 BN BARK
a ATSF . 1 ' 4.00 4.50 Y 0.011 0.40 4.7 0.0027 CJ-36 c 1.13 1.44 1.63 43 BN BARK
3 ATSF. 1 4.00 4.00 Y 1 CJ-36 c 1.19 1.31 1.63 44 BN BARK

ATSF : 1 4.00 4.00 Y • -- CJ-36 c 1.13 1.3B 1.69 ' 45 BN BARK
’5 ATSF 1 ,4.00 4.00 Y 1 CJ-36 c 1.13 1.25 1.63 .46 BN BARK
;6 ATSF 1 ' 4.00 4.00 Y CJ-36 c 1.19 1.19 1.63 47 BN BARK
■7 ATSF 1 4.00 4.00 Y CJ-36 c 1.06 1.50 1.69 '48 BN BARK
■3 ATSF 1 4.00 4.00 Y . CJ-36 c 1.06 1.38 1.69 49 BN BARK
•'9 ATSF l 4.00 4.00 Y 1 CJ-36 u 1.13 1.38 1.69 ' 50 BN BARK
■0 AAR 1 4.50 3.50 N 1 CH-36 u 1 FRA 6
t AAR . 1 4.50 8.50 Y 1 CH-36 u 2 FRA 6
’2 AAR 1 5.50 4.50 Y 1 CH-36 8 3 FRA 6
■i AAR 1 4.50' 3.50 N CH-36 B 4 FRA 6
:4 AAR • . 1 2.50 2.50 N 1 CH-36 u 5 FRA 6 1
:5 AAR 1 3.50 2.50 N 0.002 1.25 4.3 0.0020 CH-36 u 6 FRA 6
56 AAR 1 4.50 3.50 N 0.028 1.00 2.0 0.0005 CH-36 u 7 FRA 6
7 AAR . 1 3.50 4.00 N 0.016 0.00 2.9 0.0020 CH-36 u B FRA 6
’8 AAR 1 3.00 • 2.50 N 0.022 0.75 2.5 0.0012 CH-36 u 9 FRA 6
:9 AAR 1 2.50 1.50 ■ N 0.013 0.70 3.1 0.0025 CH-36 u 10 FRA 6
"0 AAR 1 4.00 3.00 N 0.013 0.75 2.4 0.0013 CH-36 u 11 FRA 6
M AAR 1 4.50 4.50 Y 0.029 CH-36 u 12 FRA 6
'2 AAR 1 3.00 2.00 N 0.018 0.80 2.8 0.0015 CH-36 u ' 13 FRA 6
03 AAR 1 6.00 5.50 Y 0.021 0.00 2.8 0.0015 CH-36 u 14 FRA 6
(4 AAR 1 4.50 3.50 N 0.017 1.00 2.7 0.0012 CH-36 u 15 FRA 6
''5 AAR 1 4.50 4.50 Y’ 0.014 0.50 2.7 0.0012 CH-36 u 16 FRA 6
"6 AAR 1 4.50 4.50 Y 0.031 CH-36 u 17 FRA 6
07 AAR 1 4,50 4.00 Y 0.012 0.50 3.1 0.0020 CH-36 u 18 FRA 6
OB AAR . 1 4.50 3.50 N 0.001 0.50 5.0 0.0030 CH-36 u 19 FRA 6
'i8 AAR 1 4.50 4.00 Y 0.002 0.50 5.0 0.0035 CH-36 u 20 FRA 6
10 AAR 1 4.50 3.50 N 0.024 1.20 1.9 0.0002 CH-36 u 21 FRA 6
11 AAR 1 . 4.50 5.00 Y 0.022 0.80 2.5 0.0010 CH-36 u 22 FRA 6
12 AAR 1 2.50 1.50 N 0.008 0.80 3.3 0.0025 CH-36 u 23 FRA 6
13 AAR 1 3.50 3.50 N 0.015 1.20 2.9 0.0015 CH-36 u 24 FRA 6
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214 AAR 1 3.50 3.00 N 0.023 1.10 1.5 0.0001 CH-36 U 25 FRA 6
215 AAR 1 4.00 3.00 N O.02B DH-36 , U 26 FRA 6
216 AAR : 3.50 3.00 . N 0.025 1.20 2.1 0.0005 CH-36 U 11 " ,  27 FRA 6
217 AAR , 1 4.00 5.00 Y 0.041 ^ CH-36 1! 28 FRA 6
218 AAR 4.50 4.54 Y 0.053 , CH-36 U 29 FRA 6
219 AAR 4.50 4.00 Y 0.049 CH-36 U 30 FRA 6
220 AAR 4.50 4.00 Y 0.041 CH-36 u 31 FRA 6
221 AAR ' 4.50 3.50 N 0.047 CH-36 u 32 FRA 6
222 AAR 1 4.50 3.00 N 0.032 CH-36 u . 33 FRA 6
223 AAR 5.00 4.00 Y ■ 0.037 CH-36 u 34 FRA 6

'224 AAR . 4.50 3.54 N 0.021 CH-36 u 35 FRA 6
225 AAR 4.50 3.50 N 0.027 1.70 4.5 0.0012 CH-36 u J • . 36 FRA 6
226 AAR 1 4.50 3.50 N 0.049 CH-36 u 37 FRA 6
227 AAR 1 4.00 3.50 N 0.024 1.30 1.7 0.0001 CH-36 ’ u 38 FRA 6
228 AAR ' 2.50 2.50 N ' 0.018 1.30 2.4 0.0007 CH-36 u 39 FRA 6
229 AAR' 2.50 4.00 N 0.022 1.00 2.5 0.0012 CH-36 u 40 FRA 6
230 AAR 1 4.50 4.00 Y 0.999 CH-36 u 41 FRA 6
231 AAR 1 4.50 4.50 Y 0.037 1.20 1.6 0.0001 CH-36 u 42 FRA 6
232 AAR 3.00 3.50 N 1 1 CH-36 u ■ 43 FRA 6
233 AAR , 3.00 2.50 N 0.019 1.40 2.5 0.0007 CH-36 u 44 FRA 6
234 AAR:. . 4.50 4.50. Y 0.027 1.00- 2.0 0.0006 CH-36 u 45 FRA 6
235 AAR*** 1 4.50 4.50 ' Y 0.038 CH-36 u 46 FRA 6
236' AAR 4.50 3.50 N 0.017 0.50 2.7 0.0020 CH-36 u , 47 FRA 6
237 AAR . 4.50 4.00 Y 0.028 0.80 2.1 0.0010 CH-36 u 48 FRA 6
238 AAR 4.50 3.50 N 0.006 0.70 3.4 0.0020 CH-36 11 49 FRA 6
239 AAR 1 3.50 3.50 N 1 CH-36 y 50 FRA 6
240 AAR 4.50 4.50 Y 0.048 CH-36 u ■ 51 FRA 6
241 AAR , 1 3.50 4.50 N 0.027 1.40 2.4 0.0008 CH-36 u ' 52 FRA 6
242 AAR*** 1 4.50 4.50 Y , 0.115 CH-36 u ; 53 FRA 6
243 AAR*** 1 4.50 4.50 Y . . 0.039 * CH-36 u 54 FRA 6,
244 AAR , • 1 4.00 3.50 N 0.033 0.70 2.0 0.0006 CH-36 u 55 FRA 6
245 Aar I 4.00 2.50 N 0.033 0.90 1.7 0.0005 CH-36 u 56 FRA 6
246 AAR 1 2.50 3.50 N 0.017 0.90 2.8 0.0028 CH-36 y -  50 FRA 6
247 AAR 4.00 3.50 N 0.037 CH-36 u . 59 FRA 6
248.AAR 1 4.00 4.50 Y 0.040 ■ CH-36 y : 60 FRA 6
249 AAR 2 0.00 • N 0.011 1.10 2.5 0.0010 CJ-36 8 ■ 61 FRA 6
250 AAR . 2 0.00 ' N 1 CJ-36 B 62 FRA 6
251 AAR 2 0.00 N 1 J-36 u 63 FRA 6
252 AAR' ‘ .3 0.00 N 1 J-36 u '. ' 64 FRA 6
253 AAR 2 0.00 R 1 y 65 FRA 6
254 AAR 2 0.00 N 1 u 66 FRA 6
:55 AAR 2 0.00 H 0.022 0.80 2.5 0.0020 J-36 y . 67 FRA 6
?56 AAR 2 0.00 N 0.019 1.20 2.3 0.0007 J-36 y ' 68 FRA 6
'57 AAR ;• 2 0.00 N 1 69 FRA 6
258 AAR 2 0.00 N 1 y 70 FRA 6
:59, AAR ' 2 0.00 N 0.013 0.00 2.7 0.0015 H-36 u 71 FRA 6
260 AAR . 2 : 0.00 N 0.018 1.30 2.5 0,0012 H-36 y , ; - 72 FRA 6
41 AAR 2 0.00 N 1 J-36 y > 73 FRA ,6
.62 AAR 2 , 0.00 N 0.008 0.60 3.2 0.0025 J-36 y .74 FRA 6
'43 AAR— 0.00 N 1 c 75 FRA 6
'44 AAR— 0.00 N 1 1 B 76 FRA 6
45 AAR 2 0.00 N 1 J-36 c 77 FRA 6
46 AAR 2 0.00 N 1 J-36 c 78 FRA 6
67 AAR 1 ■ 0.00 N 1 CJ-36 B 79 FRA 6
48 AAR 1 0.00 N 1 CJ-36 B , 80 FRA 6
69 AAR 1 0.00 1 N . 1 CJ-33 B 81 FRA 6
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270 AAR 1 0.00 N 0.080 1 CJ-33 B B2 FRA 6271 AAR . .1 . 0.00 N 1 CE-28 8 84 FRA 6272 AAR 2 0.00 N 0.004 0.40 2.3 0.0010 CH-33 B 85 FRA 6273 AAR , 2 0.00 N 0.444 CH-33 B 84 FRA 6274 AAR 2 0.00 N 1 R-33 U 87 FRA 6275 AAR 1 0.00, N 0.050 R-33 U 88 FRA 6274 AAR 2 0.00 N I 3-34 B 84 FRA 6277 AAR ' 1 2 0.00 N 1 J-34 B 40 FRA 627B AAR 1 0.00 N 0.013 1.10 3.0 0.0015 CJ-33 U 41 FRA 4274 AAR 1 0.00 H 0.037 CJ-33 U 42 FRA 4280 AAR 2 0.00 H ■ 0i007' 0.00 4.5 0.0055 J-33 C 43 FRA A2B1 AAR' 2 0.00 N 0.047 J-33 C 44 FRA 4282 AAR 2 0.00 N 0.025 MO 1.4 0.0003 CH-34 C 45 FRA 6283 AAR 2 0.00 N 0.444 CH-36 C 44 FRA 6284. AAR •2 0.00 N 1 , H-34 c 47 FRA 6283 AAR '2 0.00 N 1 H-34 c 48 FRA 4284 AAR ' 2 0.00 N < 0.012 1.00 2.4 0.0007 CH-33 c 44 FRA 6287 AAR 2 0.00 , N 0.004 0.-80" 2.4 '0.0020 CH-33 c 100 FRA 4288 AAR 2 0.00 • N 1 CJ-33 B 101 FRA 4284 AAR 2 ,0.00 N 1 CJ-33 8 102 FRA 4240 AAR 2 0.00 N 1 J-33 U 103 FRA 4241 AAR 2 0.00 N 1 J-33 U 104 FRA 4242 AAR . 1 0.00 N 1 CH-33 U 105 FRA 6243 AAR 1 0.00 . N 1 0.005 CH-33 U 104-FRA 4244 AAR 2 0.00 N 1 J-34 U 107 FRA 4245 AAR , 2 0.00 N ' 1 J-34 u 108 FRA 6244 AAR 2 0:00 N '1 1 H-34 u 104 FRA 6247 AAR 2 0.00 N 1 H-34 11 110 FRA 4248 AAR • 2 0.00 N 1 H-34 u 111 FRA 4244 AAR " 2 0.00 ' N 1 H-34 u 112 FRA 6300 AAR 0.00 , N 1 CJ-33 u 113 FRA 6301 AAR 1 0.00, N 1 1 CJ-33 u 114 FRA 4302 AAR 1 0.00 N 1 CJ-33 u 115 FRA 6303 AAR 1 0.00 N 1 CJ-33 u 114 FRA 4304. AAR 0.00 ' N 1 CJ-33 u 117 FRA 4305 AAR ' I 0.00 N 1 , CJ-33 u 118 FRA 4304 AAR 0.00 N 1 ’ CJ-33 u 114 FRA 6307 AAR 1 0.00 N 1 CJ-33 u 120 FRA 6
m m 1 0.00 1H 1 CJ-33 u 121 FRA 6304 AAR 1 0.00 N 1 CJ-33 u 122 FRA 6310 AAR 1 0.00 N 1 CJ-33 u 123 FRA 4311 AAR 1 1 0.00 N 1 CJ-33 u 124 FRA 6312 AAR . 1 0.00 N ' 1 .0.034 CJ-33 u 125 FRA 6313 AAR 1 0.00 N 0.002 0.80 3.1 0.0040 CJ-33 u 124 FRA 4314 AAR 1 0.00 N 0.015 1.00 2.3 0.0006 CJ-33 u 127 FRA 4313'AAR 1 0.00 N 1 CJ-33 u 128 FRA 4314 AAR 0.00 N 1 CJ-33 u 124 FRA 4317 AAR 1 0.00 N 1 CJ-33 u 130 FRA 6318 AAR 1 0.00 N 0.010 0.80 2.a 0.0015 CJ-33 u 131 FRA 4314 AAR 0.00 N 0.007 0.50 3.4 0.0030 CJ-33 u 132 FRA 4320 AAR 1 0.00 N 0.004 1.00 3.3 0.0020 CJ-33 u 133 FRA 4321 AAR 1 0.00 N 0.012 1.10 2.4 0.0008 CJ-33 u , 134 FRA 4322 AAR . 1 0.00 R 1 CJ-33 u 135 FRA 4323. AAR 1 0.00 N 1 CJ-33 u 134 FRA 4324 AAR 1 0.00 ' N 1 CJ-33 u 137 FRA 6325 AAR 1 0.00 N 1 CJ-33 u 138 FRA 4

/
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1

•HR ' '1 0.00 N 0.008 0.60 3.2 0.0027 CJ-33 U 139 FRA 6
>AR 1 0.00 N 0.001 0.80 5.5 0.0032 CJ-33 U 140 FRA 6
AAR 1 0.00 N 1 CJ-33 U 141 FRA 6
aAR ^ • 1 0.00 N 0.007 < 0.80 3.2 0.0022 CJ-33 U 142 FRA 6
m .1 0.00 N 1 CH-33 U 143 FRA 6
AAR 1 0.00 N 1 ■ CK-33 U 144 FRA 6
AAR 1 0.00 N 1 145 FRA 6
AAR 1 .0.00 N 1 146 FRA 6
AAR . 1 0.00 N 1 CH-33 U 147 FRA 6
“AR . f.. 0.00 N , 1 CH-33 U 148 FRA 6
AAR ■ 1 0.00 N 1 . CJ-33 C 149 FRA 6 NEH
AAR ' • 2 0.00 N 1 H-36 C 150 FRA 6 NEK
AAH,. 1 •0.00 . N 1 H-36 ' U 151 FRA 6 NEH
AAR' . 2 0.00 N 1 J-33 ' U 152 FRA 6 NEH
AAR . 1 0.00 N 1 J-33 U 153 FRA 6 NEH
AAR 2 0.00 N 1 J-33 U 154 FRA 6 NEH
AAR 2 0.00 N 1 1 J-33 C . 155 FRA 6 NEH
AAR .. 1 0.00 N 0.011 0.00 2.5 0.0008 CJ-33 U 156 FRA 6 NEH
AAR 2 0.00 N 1 J-33 U 157 FRA 6 NEH
AAR’ . , . 2 0.00 . N 0.001 1.00 5.0 0.0025 H-36 U 158 FRA 6
Aar. ' . 2 0.00 H o.oos 1.00 3.0 0.0020 H-36 U 159 FRA 6 1
AAR ■ 2 0.00 N 1 H-36 U 160 FRA 6
AAR 2 0.00 N 1 H-36 U 161 FRA 6
AAR. 1 0;00 N

/

y
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APPENDIX 5.1

TABULATIONS OF BRAKE DYNAMOMETER DATA



■4 '

Heat Transfer Study 
Wheel No. 95409(5)

Position* Temperature (°F) Max. Rail Tenperature (°F)
(kips) Start End Change TC10- Wheel Tread Dynamic Static

Date VL TC5 TC10 TC5 TC10 TC5 TC10 TC5 TC10 TC5 Tenp (°F) Top Top Side Web
12-3 27 16 16 95 105 153 180 58 75 +17 N O T D E T E R H I N E D
12-3 27 16 16 105 90 130 145 25 55 +30 - R ft
12-4+ 27 16 16 83 85 135 150 52 65 +13 ■ - R n

12-5 27 NOT Determined R n
12-5 27 n R n

12-5 27 n R VI

12-5 27 w R n

12-6 27 n R u
12-6 27 n R «i
12-6 27 n - H n
12-6 27 m H n

2-4 5 13.5 13.5 70 70 102 102 32 32 0 440 - n
2-4 5 13.5 13.5 80 85 115 125 35 40 +5 520 - tv

2-5 27 13.5 13.5 80 95 160 162 80 67 -13 480 — a
2-5 27 13.5 13.5 105 108 175 175 70 67 -3 430 168 19

2-6 5 13.5 12 85 75 105 105 20 30 40 565 107 N

2-6 27 13.5 12 80 78 175 155 95 67 -18 - 155 n

2-7 5 13.5 11 75 80 115 125 40 45 +5 530 106 it

2-7 27 13.5 11 50 50 165 190 115 140 +25 500 - 19

2-14 5 13.5 11 75 85 115 138 40 53 +13 490 105 m
2-14 17 13.5 11 80 82 155 173 75 91 +16 500 140 128 123 85
2-14 17 13.5 11 97 100 170 192 73 92 +19 500 154 147 140 105
2-14 17 13.5 11 95 98 165 190 70 92 +22 500 148
#2-15 27 13.5 11 80 80 _ _ — — Start 68 68 68
#2-15 5 13.5 11 — - — — — — - — Fin. 76 74 72

Start 74 74 72
Fin. 72 72 72

* Inches from contact (TC5 Lead, TC10 Trail)
# No Brake
+ This test at 30 nph - all others at 20 nph.

Note: Brake force for all tests - 1500 lb.



FRA DRAG TESTS - V

Speed 20 MPH
Time 45 Min.

Temperature ( F)
Date Strain Tread B m Plate

Eq fif So. Tf_ 3jq_ _Sf Xo. 3L£_
6- 7-85 0000 +2520 75 520 75 — 75 180

II -0088 +2420 65 520 65 - 65 180
n -0021 +2481 80 530 80 - 80 175

6-10-85 +0047 +2566 80 550 80 - 50 185
It +0016 +2553 80 560 80 - 80 190N +0164 +2566 100 570 - - 80 195

6-11-85 0000 +2562 80 540 - - 80 195« +0064 +2489 85 550 - - . 85 200ta +0150 +2520 100 550 - - 85 180«i -0041 +2560 80 545 - - 80 190n -0012 +2553 95 560 - — 85 200
n -0039 +2522 95 565 - - 80 210

6-12-85 0066 +2660 75 570 - - 75 195
n -0108 +2426 80 550 - - 80 190
n -0040 +2336 95 555 - 95 190

6-13-85 -0097 -2276 75 540 - - 75 160
« -0065 +2486 80 550 - - 80 185
U +0036 +2559 85 590 — - 85 180
tl -0083 +2278 80 500 - - 80 190n -0013 +2374 85 560 - - 85 190
n -0033 +2462 90 530 - - 85 190

6-14-85 -0087 +2624 70 570 ■ - - 70 195
n -0134 +2854 85 630 - -  ■ 85 200
n -0293 +3020 80 770 - -  . 80 200
it -0303 +3242 85 845 — — 85 220

Max. +164 +3242 100 845 95 220
Min. -303 +2276 65 500 65 160
A v g . -41 +2556 83 573 76 81 191



/heel 6

VL 27,000 
LL - 
BSF 3,000 
105PS1

Wheel 95526 
Tape 162 
BS Cobra 
GJ-33U

Max. Min.
Rev.

9080.4
9301.0
9179.5 
9428.4
9074.9
9121.3
9362.4 
10230.9
9253.6
9457.0 
11662.1 
11760.8
9925.6
9569.4
9398.9
9125.8
9323.1
9489.6 
10964.6
9448.7
9174.6
9602.7
9377.2
9209.9
9773.3

47.43 min.

52.62 min. 
53.44 Min. 
47.13 min.

New Shoe 
53.5 min.

Fire



FRA DRAG TESTS ■

Speed 40 MPH
Time 45 Min.

Date
Temperature ( F) 

Strain Tread Earn
E q M 2q_ Tf_ £a_ _I£ Tq_ T+

4- 1-85 0000 +2163 70 525 — 70 150M +0151 +2305 80 550 - - 80 155
4- 2-85 +0176 +2473 70 570 70 470 70 165n -0077 +2471 60 595 60 470 90 185
4- 3-85 +0282 +2564 80 580 80 535 80 190n +0112 +2569 80 595 80 520 80 190n +0035 +2568 80 610 80 505 80 200n +0151 +2536 80 610 80 500 80 205
4- 4-85 +0243 +2315 75 580 75 460 75 180n +0141 +2619 80 595 80 515 80 200n +0201 +2360 80 600 80 460 80 190n +0060 +2703 95 615 60 515 90 200
4- 8-85 +0206 +2013 75 545 75 420 75 16019 +0055 +2160 70 580 70 440 70 180
4- 9-85 +0184 +2484 75 620 75 485 75 175It +0033 +2480 75 630 75 510 75 195a -0036 +2485 70 620 70 510 70 200it —0002 +2004 50 560 50 420 50 170
4-10-85 +0186 +2069 80 575 80 460 80 175n +0120 +2574 80 665 80 510 80 200
4-22-85 - - 80 700 80 490 80 165n 0000 +2290 90 680 80 500 85 200n -0055 +2270 95 660 95 500 95 200it -0028 +1620 110 580 100 380 100 150

Max. +282 +2574 95 700 50 535 95 205
Min. -77 +2013 50 525 95 420 50 150
Avg. +99 +2385 74 579 79 485 78 184



VL 27,000 Wheel 95403 
LL - Tape 160
BSF 1,500 BS Cobra

CJ-33U

Wheel 7

ICoigue Rev.
Max. Min.

18318.0
17555.7
18328.1
18207.6
18202.5
17610.9
17839.3
17703.1
17419.7
17727.4
17793.8
17793.7
17353.7 Mew Shoe

Shoe on fire at end

17892.5 
17088.8
17352.3
18324.2
17450.4
17365.4
17462.3
18147.6 Metal pick
18034.3 made groove in

(34 min.) 13736.5 wheel
(14.94 min.) 6042.0

16702.5



FRA DRAG TESTS - W
Speed 20 MPH
Time 45 Min.

Temperature l F)
fiats Strain Tread Biai Elate

Eq El Ixl. Tf Tn T-f Tq_ Tf
3- 7-85 0000 +2180 70 530 70 455 70 155it -0085 +2234 50 560 50 490 - ■ -
3-12-85 +0117 +2190 80 560 80 450 -  . ~

3-13-85 +0106 +2400 80 580 80 470 - —

3-13-85 -0048 +2254 80 575 80 455 - —

3-13-85 +0084 +2210 85 570 85 470 . - —

3-14-85 +0143 +2222 80 570 80 445 - -

3-15-85 - - 80 545 80 440 - -n - - 70 570 70 450 -n - - 100 570 100 435 - —

3-19-85 +0115 +2264 75 565 751450 75 185It +0097 +2188 80 560 80 450 80 190
3-20-85 +0130 +2440 80 590 80 470 80 195

It +0115 +2320 90 560 80 450 80 190
ft -0035 +2288 80 560 70 430 70 190

3-21-85 - - 80 560 80 450 80 190
tt +0071 +2280 80 570 80 435 80 180
ft -0008 +2215 60 550 60 430 60 185

3-22-85 -0041 +2304 75 555 75 430 75 175
ft +0016 +2270 80 560 80 435 80 185
18 +0118 +2180 75 570 75 430 75 185
ft +0006 +2238 70 570 70 435 70 190

3-25-85 +0113 +2290 70 560 70 440 70 180
ft -0043 +2286 70 585 70 425 70 180
ft +0018 +2189 75 570 55 435 60 185

Max. +143 +2440 100 590 100 490 100 195
Min. -43 +2180 60 530 55 430 60 155
Avg. +47 +2259 76 565 76 446 82 184



VL 27,000 Wheel 94783 
LL - Tape 160
BSP 1,500 BS Cobra 

GJ-33C

heel 9

Torque
Max.

1500
1550
1600
1500
1600
1650
1300
1400
1400
1500
1300
1250
1400

1200
1000
1000
1100
1000
1000
1100
1250
1050
1300

Min.
1000
1250
1500
1250
1350
1300
1050
1200
1300
1300
1100
1000
1050

1000
900
900
950
700
1000
950
900
900
850

Rev.

9721.4
9661.0 
9844.7
9908.5
9827.2
9648.6
9901.5
9808.9
10061.0
10080.5
9982.5
10023.1
9665.2
10060.8
10136.5
10016.6
10115.6
9910.2
9937.1
10221.8
10008.6
10178.6
10140.1
10172.0
10064.1



Speed 20 MPH VL 28,000 Wheel 94787
Time 45 Min. LL - Tape 162

BSF 3,000 BS Cobra 
105PS1 CJ-33C

Tonrierature ( FI
Date Strain Stead E m  Elate TQfQUe Rev*.

FRA DRAG TESTS - Wheel 10

Eq Ef Tq_ Tf_ Tq_ _T£ Sf_ Max. Min.

7- 2-85 -0000 +2291 80 600 80 520 80 155 9707.7n +0051 +2275 95 560 95 550 95 190 9703.0n +0086 +2374 85 580 85 530 85 200 9546.4n -0037 +2381 85 600 85 530 85 190 9765.0si -0031 +2236 90 595 90 530 90 190 9754.2
7- 3-85 +0123 +2592 80 595 80 520 80 205 9783.4II +0051 +2524 90 580 95 555 95 180 9384.6II -0062 +2463 90 575 90 535 90 185 9670.7IS -0044 — 85 550 85 - 85 - 2592.2tl +0076 +2498 80 595 80 575 80 170 9847.2n -0087 +2410 85 590 85 560 85 190 9651.7
7- 8-85 +0100 +2610 80 605 80 580 80 185 9571.119 -0024 +2128 80 570 80 540 80 195 10212.0II +0043 +2410 80 580 80 550 80 170 9698.3

n -0016 - 85 645 85 - 85 9628.8n - . — 75 650 - - - - 9856.4
7- 9-85 - — 90 650 — - - - 9768.1N — — 80 650 — - — - 10039.5II — — 90 660 — — - - 10160.3II - - 90 690 — - - - 9719.8II — — 80 730 - - - - 9800.0
7-15-85 - - 80 770 . - - - - 9600.4

n — — 80 795 — — — - 9599.0
n — — 95 600 — — — - 9837.8
a — — 85 550 — — — - 9773.6

+123 +2592 95 795 95 580 95 205
-87 +2128 75 550 80 520 80 155
+30 +2399 85 623 85 543 85 185

New shoe

New shoe

Max,
Min
Avg,



Speed 20 MPH VL 27,000 Wheel 94777
Time 45 Min. LL - Tape 162

BSF 1,500 BS Cobra 
53PS1 CJ-33C

Temperature. C H

FRA DRAG TESTS - Wheel 11

Date Strain Tread Rita Plate Torsue Rev.
Eo fif T£_ Tq_ JSL Tq_ Tf_ Max. Min.

6-18-85 0000 +1575 75 370 75 425 75 18020.9 New Shoe. n -0129 +1704 90 530 80 450 75 160 18052.6
6-19-85 0095 +1752 75 560 75 470 75 170 17932.2If -0096 +1774 85 590 85 445 70 160 18046.6n -0010 +1786 90 610 85 460 80 170 18115.8
6-20-85 -0094 +1739 80 570 80 465 80 170 18187.7N -0022 +1708 85 560 85 450 85 165 18031.8n -0112 +1664 85 550 80 430 80 160 18199.319 =0116 +1694 75 560 75 450 75 160 17901.7n -0081 +1636 75 545 75 440 75 160 18055.7n -0071 +1325 90 500 85 410 85 160 20880.7 51.59 min.
6-21-85 -0038 +0934 80 480 80 285 80 110 Shoe Gone 7384.9 17.88 min.n -0079 +1268 80 440 80 410 80 155 New Shoe 19383.9 48.38 min.99 -0110 +1275 85 450 85 400 85 150 18148.2M -0090 +1438 85 465 85 415 85 155 17954.299 -0015 +1382 90 490 90 425 85 170 24122.9 58.15 min.II -0000 +1442 100 500 85 420 85 160 18990.6 47.30 min.
6-24-85 -0024 +1587 70 500 70 440 70 155 18128.7n -0036 +1378 85 510 85 430 85 160 18540.9 46.86 min.n -0063 +1438 90 525 90 460 90 175 18634.1 45.78 min.
6-25-85 -0057 +1597 75 510 75 420 75 165 18064.5n -0088 +1595 80 530 80 450 80 150 17970.4n -0048 +1607 85 560 85 440 85 160 18343.1n -0081 +1574 100 590 85 450 85 180 18656.5 46.45 min.n -0096 +1630 80 590 80 440 80 158 18337.0
Max. 0 +1786 100 610 85 470 85 180
Min. -129 +1215 75 370 75 400 75 150 ■
Avg. -66 +1381 84 525 81 437 80 162



FRA DRAG TESTS - 1
Speed 20 MPH 
Time 45 Min.

Temperature l F)
Date Strain Tread Bim Plate

Eq EL 2o_ ££_ 2a_ JSL Tq_ Tf_
4-29-85 0000 +2360 70 545 70 420 70 170

R +0073 +2342 100 580 100 435 100 185
r +0123 +2496 75 600 75 440 75 185r +0181 +2485 100 620 100 440 75 190

+0161 +2475 110 640 90 440 70 190n +0173 +2547 115 670 110 440 80 190
4-30-85 +0180 +2805 70 680 70 480 70 19819 +0150 +2873 100 700 95 495 80 205n +0210 +3046 110 750 100 480 80 208n +0086 +3222 90 750 80 490 70 210n +0135 +3181 100 790 80 495 70 210n +0034 +2936 80 760 70 470 70 205
5- 1-85 +0170 +3125 75 615 75 490 75 21019 +0126 +3030 110 610 110 470 75 200n +0185 +3118 110 620 105 465 70 20099 +0134 +3121 100 580 80 500 80 205

It +0076 +2886 100 580 80 505 65 210
R +0091 +3055 100 590 90 480 65 205

5- 2-85 - - 70 560 70 430 70 190R - - 70 555 70 455 70 185» - - 120 590 110 500 70 200
R - - 75 560 65 455 65 180
R - - 100 560 80 480 65 195
R - - 100 560 80 450 70 185

5- 3-85 — — 75 — 75 470 75 190
Max. +210 +3222 120 790 110 505 100 210
Min. 0 +2342 70 545 65 420 65 170
Avg. 127 +2839 93 628 85 467 73 196



Wheel 15

VL 27,000 Wheel 43878
LL ‘ - Tape 162
BSP 1,500 BS Cobra

J-33U

TQrgue Rev.
Max. Min.
— — 9367.4

1000 900 9067.1
- - 9425.1

1300 1100 9333.6
1350 1200 9128.2
- - 9438.0
- — 9599.9

1350 1100 9659.4
- — 9210.0

1200 1000 9535.2
- - 9485.7
- — 9495.3
- . “ 10055.1

1500 1300 9389.5
- - 9465.2
- - 9372.0
- - 10208.3
- - 9762.3

1600 1200 9202.9
- - 9241.9
- - 9396.6
- - 9369.8

1500 1250 10301.4
— 1000 9537.8

48 min.

48 min.

46.2 min.



Speed 20 MPH VL 27,000 Wheel 47382
Time 45 Min# LL - Tape 162

BSF 3,000 BS Cobra 
105PS1 J-33U

Temperature t F)

FRA DRAG TESTS - Wheel 16

Date Strain Rim Elate Torque Rev.
Eq EL To I f - T o _ Tf Ti~» 2f_ Max. Min.

5-20-85 0000 +2520 75 195 75 510 75 530 9418.4
5-21-85 +0405 +3016 75 210 75 565 75 520 9224.0

n +0154 +2950 60 145 70 520 75 650 9695.2«« +0340 +3442 80 220 100 590 110 680 9571.3n +0186 +3187 80 220 80 545 80 720 9077.9
n +0024 +3153 80 190 80 560 80 785 9007.4
n -0084 +3068 50 220 50 600 75 750 9586.2

5-22-85 — - 75 165 75 555 75 675 9281.4N -0383 +2251 65 165 90 530 90 610 9057.1H -0437 +1902 70 130 75 490 90 490 9188.3m -0395 +2120 80 170 80 520 90 575 9434.6
n -0423 +2357 55 160 55 515 75 660 9519.0it -0470 +2411 50 150 75 540 75 640 9570.5

5-23-85 -0460 +2114 75 185 75 505 75 560 9462.1n -0438 +2385 60 190 60 515 70 585 9307.8
19 -0395 +2583 50 200 70 520 70 610 9144.9
n -0453 - 75 230 75 610 75 700 9459.9
n -0500 +2581 55 185 55 560 80 750 9291.0n -0467 +2240 70 200 70 480 70 530 9607.7

5-24-85 -0416 +2934 75 220 75 585 75 700 9550.9
n -0327 +2623 70 200 85 560 85 600 9440.9
m -0455 +2246 80 200 75 505 75 560 9416.2
m -0393 +1954 80 180 80 470 80 520 9138.5
n -0417 +2112 75 150 75 460 75 540 9606.2
n -0385 +2109 75 180 75 480 90 555 9299.6
Max. +405 +3442 80 220 100 610 110 785
Min. -599 +1892 69 145 50 460 70 490
Avg. -258 +2533 70 186 77 532 79 620

47 Min.

New Cobra



Speed 40 MPH
Tome 45 Min.

VL 27,000 Wheel 042283 
LL - Tape 162
BSF 750 BS Cobra
27 PS1 J-33U

FRA DRAG TESTS - Wheel 18

Tenderature f F)
Date strain Tread Plate Torque Rev.

Er> fif 2o_ la- JSL la-

5-29-85 0000 +2071 75 405 75 385 75av +0010 +2206 75 430 75 410 7519 -0054 +2243 80 465 80 400 75
5-30-85 -0025 +2409 75 480 75 420 7519 - - 80 500 80 425 7019 -0046 +2342 80 550 80 410 70n -0134 +2305 80 540 80 415 8099 +0056 +2258 80 550 80 400 80N -0094 +2345 75 500 75 405 75
5-31-85 -0004 +2525 75 535 75 440 75IV -0048 +2548 80 555 80 445 8019 -0050 +2641 75 580 75 460 7591 -0212 +2562 75 550 75 460 75n -0032 +2656 80 595 80 500 80it -0056 +2475 85 555 85 480 85
6- 3-85 -0188 +2662 75 550 75 515 75n -0176 +2760 90 560 85 480 7599 -0222 +2442 80 535 75 425 75n -0339 +2345 75 530 75 440 75H -0286 +2335 80 530 80 395 80n -0261 +2269 80 525 80 400 80
6- 4-85 -0204 +2363 75 525 75 430 75n -0164 +2312 80 540 80 430 8019 -0141 +2240 80 530 80 395 80n -0344 +2246 85 530 80 385 80n -0162 +2432 100 560 80 410 80
Max, +056 +2760 100 595 80 515 85
Min, -344 +2071 75 405 75 385 75
Avg. -127 +2400 80 527 78 446 77

T£_ m x*. Hicu.
150 17902.4
145 18023.1
145 18451.0
150 17976.0
150 17758.1
150 18275.1
150 18322.6
160 18547.0
140 18387.7 Forward R
150 18071.5
155 20261.8 50.9 min.
150 17789.0
150 18205.7
170 20315.7 51.47 min,
155 17875.8
155 17736.3
150 18041.5
140 18107.2
150 17899.8
145 18124.0
155 18633.4 46.6 min.
150 18174.2
155 18434.2
150 18115.0
150 18246.1
150 18215.7
170 

' 145
151



Speed 40 MPfl VL 27,000 Wheel 043888
Time 45 Min. II* - Tape 162

BSF 1,500 BS Cobra 
J-33U

Temperature.! El

FRA DRAG TESTS - Wheel 17

Date Strain Tread Rim Plate TQraue BglU
Ec? M To Tf_ To_ Tf To_ Tf_ Max. Min.

5-13-85 0000 +3605 75 600 75 480 75 170 10718.4
n +0440 +3600 110 725 110 510 85 205 18225.5n +0032 +2745 90 490 80 390 70 190 18055.2

5-14-85 +0190 2680 75 620 75 410 75 150 18073.6n +0142 +3100 90 580 90 420 90 150 17683.3n -H5197 3050 90 600 90 430 90 180 17972.9n -0072 2850 90 600 90 410 90 170 18142.9
5-15-85 +0153 +3020 80 560 80 520 80 165 17480.3n -0202 +2705 75 560 75 455 75 175 17808.4« +0076 +2643 iis 565 . - - 110 155 17537.2VI +0002 +2218 60 450 50 410 50 140 17812.5n +0067 +2184 110 490 110 415 90 170 18064.0ti -0199 +2366 75 500 50 440 80 175 18160.0
5-16-85 +0019 +2570 75 520 75 470 75 140 17656.8

m -0108 +2562 100 510 95 470 95 175 17952.9n -0160 +2728 95 560 90 475 100 183 18243.8N -0140 +2845 90 550 80 495 80 175 18079.5IV +0002 +3146 90 670 80 545 70 190 18031.3n -0060 +2816 80 610 70 500 60 180 17800.1
5-17-85 -0067 +2900 75 620 75 515 75 167 17681.119 -0083 +2845 100 610 100 495 80 190 18052.919 -0205 +2872 75 580 75 510 75 200 17639.0IV -0137 +3095 100 610 75 510 80 180 17780.5VI -0115 +2562 80 550 80 465 80 185 18204.3B -0138 +2702 90 600 90 490 90 170 18284.6
Max. +440 +3605 115 725 110 545 110 205
Min. -205 +2184 60 450 50 390 50 140
Avg. -15 +2816 87 573 83 467 82 174

30 min.

New Cobra



APPENDIX 5.2
ADAPTATION OF SOLUTION FOR MOVING HEAT SOURCE ON A HALF SPACE



Adaptation of Solution fop 
Moving Heat Source on a Half Space

by
Q.J. Moyar

Some insight into the problem of estimating the rate of heat 
transfer at the wheel/rail interface (based on surface 
temperature measurements behind the moving contact) may be gained 
from the classical closed form solutions of Rosenthal 
(Transaction ASME, vol 6 8 , 1-946, pp. 849-866).

The fundamental quasi-stationary 3-D solution for the 
temperature T in a half space bounded by the x-y plane and 
traversed by a point heat source of strength q moving with a 
constant velocity v along the x-axls is:

-r-%  =
where

12 -ovs -DvR
(!)

To is the reference temperature far from the heat source 
k is the thermal conductivity 
D is 0.5(c*w/k) 
w is the density 
c is the specific heat
s is the distance of the point considered from the 

point source (-behind, +ahead)
R = >|s2+ y2 + Z 2-

For the unique situation of surface temperatures (3=0) and 
points along the x-axis (y.=0 ) and behind the point source (s<0 ) 
this solution reduces to a very simple expression:

A
2rtkjsl (2)

Remarkably, this equation does not depend on speed v nor the 
thermal diffusivity (.5/D). This special case situation was also 
recognized by Rosenthal in his application of theory to the arc 
welding of thick plates. He notes that "the same expression is 
obtained if the point source instead of being in motion remains 
stationary, except that in this case / s| represents not only the 
distance behind the source, but the distance from the source 
measured in any direction.”



APPENDIX 5.3

ADAPTATION OF SOLUTION FOR MOVING HEAT SOURCE ON THE EDGE OF A SEMI-INFINITE PLATE



Adaptation of Solution for 
Moving Heat Source on the Edge 

of a Semi-infinite Plate

by
G.J. Moyar

In order to further explore the problem of estimating the 
rate of heat transfer based on the closed form solutions of 
Rosenthal (Trans. ASME, vol. 6 8 , 1946, pp. 849-866), the two 
dimensional solution for a moving heat source on the edge of a 
large plate will be obtained for comparison to the previous 
(11/7/84) 3 D solution of a point source moving on a half space.

For this 2D case:
-V v S

r - r * ^ v f k e  (1)
where:

Ko is the modified Bessel function of the Second kind 
and zero order

To is the reference temperature far from the heat 
source

D is 0.5*(c*w/k)
k is the thermal conductivity
w is the density
c is the specific heat
s is the distance of the point considered from the 

point source (-behind, +ahead) along the X-axis 
q is the heat transfer rate

r = Is2, + y2,
v is the velocity of the source along the X-axis

As Rosenthal observes, when the dimensionless argument of the 
particular Bessel function becomes very large:

r~~zz—  —  Ov/i
e

For the relatively high velocities of interest in the 
wheel/rail situation this condition exists except very near the 
heat transfer point. Therefore Equation (1) may be approximated 
by: 0 ,/g -D^S

T- 71 = (2)
sprt/C w- k f t

At the surface (Y=0) and at points behind the heat source
simplifies to:

----—  (3)

(s<0) Equation (2)

T - 7 o  -
nr- I s i



This may be numerically evaluated for the following case of 
interest:

c =0.1072 BTU/LB*DegF 
w = 489 LB/FT©3 
k =27.5 BTU/HR*FT*DegF 
q = 2544.5 BTU/HR*HP * H 
H is heating rate in horsepower 
v = 184,800 FT/HR (35 MPH) 
g = 1/12 FT (1 inch thick plate) 
s expressed in inches

T -T 0 -  3 - 6 S 6 / S  (4)
v7s/

This expression for surface temperature rise behind a 1 inch 
line heat source moving at 35 MPH is plotted on the attached 
figure for values of source strength ranging from 1 to 5 HP.
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APPENDIX 5.4

ESTIMATE OF WHEEL/RAIL HEAT TRANSFER RATE BASED ON LEADING AND TRAILING SURFACE TEMPERATURES



ESTIMATE OF WHEEL/RAIL HEAT TRANSFER RATE BASED ON 
LEDING AND TRAILING SURFACE TEMPERATURES

APPENDIX 5.4

The theoretical solution for the surface temperature difference from 
leading (inlet) to trailing (outlet) position relative to a heat input source, 
idealized as a line source across the width of contact may be obtained from 
Appendix 5.3. -

The geometrical arrangement and constants assumed are given in Figure
5.4.1.

This expression may be solved for the strength of the heat source or heat 
transfer rate in horsepower:

HP _ h x (To - Ti) - J i m  ♦ Jx~21.63

If we assume the following typical values:

H = 0.625 inches 
X = 16 miles 
TQ - Tj = 15°F

The estimated heat transfer rate would be:

HP = 0.625 (15) V20 J lT  21.63 7.75



MOVING LINE SOURCE ON SEMI-INFINITE PLATE
Rosenthal (1946)

T - 7 "  ~ Q / h

v  X

. It - t  -  21.13H P / M
• * I 16 1 ' " f= ' - r"

X  # w WCH G S

H I G H  C S T l M A t e .  O f  T & m P

FIGURE 5.4.1. GEOMETRY AND CONSTANTS ASSIGNED IN ANALYSIS OF 
MOVING LINE SOURCE ON SEMI-INFINITE PLATE.



STEPS INVOLVED IN DETERMINING ACTUAL STRAINSf

APPENDIX 5.6
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STEPS INVOLVED IN DETERMINING ACTUAL STRAINS

1. -RAW STRAIN ANALYSIS, sr

A. COMPLETE TIME HISTORIES OF THE RAW STRAINS (er) AND
TEMPERATURES (T) ARE TABULATED FOR ALL GAGES.

B. SPSS PROGRAM IS THEN USED TO REDUCE THE DATA INTO THE 
PLOTS OF RAW STRAIN VS TEMPERATURE (sr VS T). .

2. CALIBRATION TO COMPENSATE FOR CABLE LENGTH AND MISMATCH 
OF THE STRAIN GAGE AND WHEEL MATERIAL

2.5’ CABLE WAS USED DURING TEMPERATURE CYCLING WHEREAS O' 
CABLE WAS USED DURING TESTING. TEMPERATURE CYCLING CURVE 
(2.5' CABLE) TO COMPENSATE FOR MISMATCH OF MATERIALS IS 
MODIFIED TO REPRESENT APPARENT STRAIN CURVE (O' CABLE).

/.O' CABLE

/

y

o

5 ■ CABLE

67° T0



CALIBRATION CURVE
C CURVED^STRAIGHT PLATE B1C0 VS THB1

TEMPERATURE
(°F)

STRAIN
CORRECTION -

(h£)

67 0
128 -97
196 -185
264 -273 THE POINTS ARE
332 -323 TAKEN FROM THE
400 -350 PLOT.
468 -365
536 -366
604 -349
672 -322
726 -282

THE POINTS ARE BEST FITTED BY A 6-DEGREE POLYNOMIAL WITH 
COEFFICIENTS.

T T2 T3 T4 T5 T6

c° °i C2 C3 C4 °5 C6

96.247 -1.305 -0.2878 0.1238* -0.7636 -0.1064 0.1105
*10-2 10-4 *10-8 *10-10 *10-13

STATISTICS

TOTAL EXPLAINED UNEXPLAINED o
VARIATION VARIATION VARIATION R2

146296 146214 82 0.9994397



THE CALIBRATION C U R V E  FO R  O' CABLE L E N G T H  IS C O N S T R U C T E D  AS 
FOLLOWS:

A. PLOT TH E  DIFFERENCES IN APPARENT STRAINS, F O R  2.5' A N D  O' 
CABLES, 0, Aj,- A N D  AT T E M P E R A T U R E S  T Q , Tj, A N D  T 2 F R O M  
THE D A T A  PROVIDED B Y  M A N U F A C T U R E R  (SEE FIGURE O N  THE LAST 
PAGE).

B. FIT THE D O T T E D  C U R V E  T O  PASS T H R O U G H  THESE POINTS.

C. READJUST T H E  SCALE SUCH T H A T  TH E  A P P A R E N T  STRAIN IS ZERO 

AT AMBIENT T E M P E R A T U R E  T=67°F,

D. FIND A N A L Y T I C A L  EXPRESSION FO R  TH E  C U R V E  B Y  FITTING A 6- 

DEGREE POLYNOMIAL S U C H  AS:

ea=C0+C1T+C2T 2+C3T 3+C4T 4+C5T 5+C6T 6 (1)

THE COEFFICIENTS C Q..... C g ARE DETERMINED A N D  R E C O R D E D  T O

DEFINE O' C A BLE CALIBRATION C U R V E  (CORRECTION I) F O R  ALL 

STRAIN GAGES.

E. C U R V E  FITTING W A S  EXCELLENT WITH CORRE L A T I O N  COEFFICIENT 
(R2) A V E R A G I N G  0.9999.

F. C O R R E C T I O N  (I) T A KES CARE OF DIFFERENCE IN CABLE L E N G T H  AS 
WELL AS M I S M A T C H  OF STRAIN GAGE A N D  WHEEL MATERIALS.



3 . ADJUSTED STRAIN A F T E R  C O R R E C T I O Ni . . ■ i .......- ........................ (I)

A. THE CORRECTION (I) IS APPLIED T O  R A W  STRAIN (er) T O  FIND

eI=V ea (2)
W H E R E :
T E M P E R A T U R E  H I S T O R Y  OF e IS K N O W N  A N D  e A T  CORRES-r a
PONDING T E M P E R A T U R E  C A N  BE DETERMINED B Y  eqn (1)

B. THE STRAINS (£j) A R E  INITIALIZED SO T H A T  T H E Y  ARE ZERO 

AT AMBIENT T E M P E R A T U R E  T=67°F.

4. A C T U A L  STRAIN A F T E R  G A G E  F A C T O R  COMPENSATION 

(CORRECTION II)

A. THE F O R M U L A  F O R  G A G E  F A C T O R  COMPENSATION IS:
GFC=GFN {1-0.000185(T-67)} --- — ----- (3)

RA+RTCM+RL

GF= G—  = R A + R T C M + R L  (4)
GFN RA{ 1-0.000185(T-67 ) }

WHERE VALUES OF RA, RTCM, A N D  RL ARE PROVIDED B Y  
M A N U F A C T U R E R  F O R  E A C H  STRAIN GAGE.

B. THE A C T U A L  STRAIN IS:

sact=GF*£I (5)
GF IS C A L C U L A T E D  USING eqn(4) F O R  A GIVEN GAGE A T  GIVEN

T E M P E R A T U R E  (T).

C. SPSS IS USED T O  M A K E  X-Y PLOT OF c&ct VS T.



C U R V E D  PLATE - TEST 1

TEMP. .

67.00

104.10
105.70 
178.80
180.10
277.20 
277.90

287.20
308.70

R A W
STRAIN

214.00

-129.90
-141.80
-503.70
-503.20
-891.00
-898.00

-632.80

-990.00

-988.00

CALIB. 
STRAIN

214.55

-71.06
-81.50
-335.98
-333.71
-610.56
-616.93

-632.80
-683.71

-680.90309.80



A C T U A L  STRAIN CALCULATIONS - B1C0

ADJUSTED
STRAIN

GAGE
F A C T O R

A C T U A L  STRAIN 
AFTER GFC.

0.00 1.11 0.00
-285.61 1.12 -320.60
-296.05 1.12 -332.41
-548.26 1.14 -626.70
-548.26 1.14 -624.27
-825.11 1.16 -957.06
-831.48 1.16 -964.57

-847.35 1.16 -984.74.
-898.27 1.17 -1048.26

- 8 9 5 . 4 6 1 . 1 7 - 1 0 4 5 . 2 1
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APPENDIX 5.7

PRELIMINARY RDU HEAT TRANSFER ANALYSIS



APPENDIX 5.7
PRELIMINARY RDU HEAT TRANSFER ANALYSIS 

J ; (Memo to Dan Stone)

The attached notes represent the preliminary analysis of the first heat 
transfer test conducted by Britto Rajkumar and I at the TTC during the RDU 
tests on 4/11/85. Data from additional tests are available and more informa­

tion is forthcoming on the actual BHP history of the wheel running on the 

subject roller. Your comments, suggesting and corrections are requested now 

prior to our completion of all data reduction and analysis.

The result, a wheel/roller heat transfer rate about 15.9% of the input 

BHP, appears to be generally consistent with our earlier estimates based on 

the BDU tests by George Carpenter.

The many plots of temperature history following the end of the RDU test 
are not really essential to the purpose of this analysis. Nevertheless, they 
do provide some insight into the transient heat flow pattern into the station­

ary roller during cool down of the loaded wheel as well as some indication; of 
: our: temperature measurement variability.

I should also note that Britto and I found the Exergen Digital Infared 

Thermometer to be easy to use. He also got some wheel data up to about 550°F' 
and found it convenient to get a quick measurement of wheel front face rim 
temperature for comparison of the relative severity of braking at the several 

wheel locations.

Jerry Moyar



ANALYSIS OF RDU ROLLER HEAT TRANSFER DATA
FROM

NOMINAL 50 BHP - WEST RUN 
ON 4/11/85 AT TTC

MEASUREMENTS

Temperature measurements made before and after braking test by G. Moyar 

and B. Rajkumar using Exergen Corp. Microscanner D-Series Digital Infared 

Thermometer on roller surface (pre-sprayed with flat black paint).

RESULTS

A minimum heat transfer rate into the roller equivalent to 7.9 HP is 
estimated, based on the overall increase in internal energy (heat) of the 

roller disk during the 1 hour test.
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RDU1. HEAT TRANS. 4/11/85 50 BHP for 1 HR. .

Position OrigTeap PstBrkSec Teap.F SEC. Teap.F
R100 75 90 252 240 260
R200 75 94 214 244 208
R300 75 98 171 248 170
R400 75 102 149 252 149
R500 75 106 92 256 91
R600 75 110 76 260 73
R115 75 120 ■249 270 234
R215 75 124 207 274 . 207
R315 75 128 168 278 174
R415 75 132 148 282 151
R515 75 136 91 286 92
R615 75 140 73 290 74
R090 75 150 242 300 228
R190 75 154 239 304 227
R290 75 158 209 308 207
R390 75 162 172 312 173
R490 75 166 147 316 152
R590 75 170 89 320 92
R690 75 174 71 324 72

I

4 i 1 J I42 '«a-2 42 -jav
IttlS 5 SLf.iiAKC
Itf I S *) SCii.AHt et:s i'SOoAkk

SEC. Teap.F SEC. Teap.F SEC. Teap.F SEC. Teap.F SEC. Teap.F
360 257 480 255 600 249 900 232 1200 225
364 206 484 211 604 207 904 195 1204..... 191
368 175 488 173 608 175 908 168 1208 168
372 152 492 153 612 154 912 150 1212 152
376 94 496 94 616 95 916 91 1216 - 96
380 75 500 74 620 74 920 67 1220 69
390 224 510 214 630 208 930 190 1230 185
394 203 514 198 634 193 934 179r. _1234.___179—
398 175 518 173 638 171 938 164 1238 162
402 153 522 153 642 154 942 150 1242 150
406 95 526 94 646 96 946 94 .. 1246 .... 98-
410 75 530 74 650 74 950 70 1250 72
420 219 540 208 660 203 960 184 1260 174
424 218 544 207 664 202 964 .. 184 . 1264 ... .175 ..
428 203 548 194 668 192 968 176 1268 170
432 173 '552 172 672, 171 972 161 1272 159
436 152 556 153 676 153 976 150 .1276.___149...
440 94 560 95 680 97 980 97 1280 ioo
444 74 564 73 684 74 984 72 1284 73
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ABS TRAC T

This report presents an overview of current life pre dict ion methods for potential a p p l i c a t i o n  to the analysis of railroad wheel failures originating in the hot tread and rim region of the tread braked wheel. Six groups or classes of theories are r evi ewe d :
1. Simple time independent fatigue approaches2. Strain Range P a r t i t i o n i n g  (SRP)3* Frequency Mod ifie d and Fre quency S e p arat ion (FM)4. Energy Based5. Damage Rate6. Continuum Damage
Several papers that report recent design applications of some of these methods to diesel and turbine engine components are also summarized. Rec ommendations for applications in railroad wheel research include: (1) a d d itio nal cyclic flow beh a v i o r  testing under thermomechanical f a t i g u e  sim ulat ion situations; (2) initial trials of the simple time independent elevated temperature fatigue.methods (Universal Slopes with and w i t h o u t  10$ life rule) in whe el life analysis; (3) further critical eva luat ion and wheel applications of the SRP (Manson et al.), FM (Coffin) and Damage or Crack rate (Sehitoglu) methods.
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NOMENCLATURE

Term Eqn.No.
A B a s q u i n  equ atio n coefficient for unequal ramp rates. 40  low cycle fatigue constant from Coffin. 1C  m a t e r i a l  constant to account for compres sion inM a j u m d a r ’s Damage Rate theory. 10
Co fatigue material constant in C h r z a n o w s k i 's theory. 18
C  creep mat eria l constant in C h r z a n o w s k i 's theory. 18P all owab le damage index (D<1.0) in ASME Code Case N-47» 2Re creep ductility from SRP relation.
Dp tensile plastic ductility from SRP relation.
£ Y o u n g ’s Modulus. 15
F low cycle fatigue constant in PM relation. 3
G mat e r i a l  constant in M a j u m d a r ’s theory. 11
GJ m a t e r i a l  constant in M a j u m d a r ’s interactive damage eqn. 12
H Heavisi de function. 18K  fac tor in frequency exponent of O s t e r g r e n ’s theory. 6K' fre quency exponent term in P M  C of fin theory, E q n . 3.Kc plastic s tr ain rate exponent for cavity growth. 11
Kp plastic str ain rate exponent for crack growth. 10Kj t e n s i o n - g o i n g  frequency exponent term. 4Af n um ber of cycles. 2
bff n um ber of cycles to failure. 1cycles to failure under plastic t e n sion and compression cycles (SRP).A(pc cycles to failure under plastic tension -cree p c o m p res sion cycles (SRP). cycles to failure under creep tension and plastic c o m p res sion cycles (SRP).
bfct cycles to failure under creep tension and com pres sion cycles (SRP)S  m a t e r i a l  constant in O s t e r g r e n ’s theory. 6S* flow stress from S e h i t o g l u ’s theory. 15A S  stress range over which the crack remains open fromS e h i t o g l u ’s theory. 15T  m a t eria l constant to account for ten sion in M a j u m d a r ’sDamage Rate theory. 10T  ult imat e tensile strength of pre viou sly cycledmat e r i a l  in W a r e i n g ’s theory. 13V/ spe cime n w i d t h  in W a r e i n g ’s theory. 14
a crack length. 10
a0 initial crack length. 13
6f crack len gth at fracture. 13
c creep cavity size. 11
C0 initial cavity size. 11
d com pr e s s i o n / t e n s i o n  frequency ratio exponent in m o d i f i e d  PM Coffin relation E q n . 5. 
k low cycle fatigue exponent. 1
** plastic str ain exponent in M a j u m d a r ’s theory. 10
t time at stress. 2time to creep rupture at stress. 2
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half plate width in Sehitog lu's theory.
; <x- cyclic life exponent in Ostergren's theory.

13 .cyclic life exponent in F M  Cof fin equation.
$' ten sion-going frequency term in m o d ifie d FM Cof fin eqn.
% mat eria l creep exponent in C h r z a n o w s k i 1s damage theory. 
jf0 m a t e r i a l  fatigue exponent in C h r z a n o w s k i 's damage theory. 

&&t range of crack tip ope n i n g  displacement.V  frequency.
1/C compression-going frequency from m o d ifie d FM Cof fin relation.1/f ten sion-going frequency from m o d i f i e d  FM C of fin relation.
Bp plastic strain.
Bp plastic strain rate, plastic strain range.inelastic strain range fo r  plastic strain in tension and compression (SRP)inelastic strain range for plastic strain in tension and creep strain in compres sion (SRP.) inelastic strain range for creep strain in ten sion and compression (SRP)

fr€tp inelastic strain range for creep strain in ten s i o n  and plastic strain in c o m pres sion (SRP)
<T stress.
(Ff peak tensile stress f r o m  Ostergren.stress range for fra c t u r e  from mod ifie d FM C of fin relation. 
'tc compression-going or c o m pres sion hold time.tension-going or ten sion hol d time.
Ze continuous cycle time in O s t ergr en theory. 
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1.0 INTRODUCTION
Most current railroad wheel failures begin with cracks that ori ginate in the rim regions that are subjected to periodic high temperature cycles due to tread braking. Thus any applicable life pre d i c t i o n  m et hod should be capable of treating, eit her directly or indirectly, the damage con trib ution of these thermal excursions.

1.1 Purpose of Rev iew
One of the objectives of the F RA sponsored research program on W h e e l  Failure Mechanisms of Rai lroa d Cars (1) is to develop and apply a suitable cumulative low-cycle fatigue m et hod to predict the damage caused by various braking programs. The pur pose of this review (2) is to survey the current state of the art in elevated temperature fatigue, cre ep-f atigu e or th e r m o m e c h a n i c a l  fatigue, and select several candidate methods that appear to have greatest potential for wheel cumulative damage application.

1.2 Whe el R im A pp lica tion Issues
This review concentrates on theories applicable esp ecially to the hot portion of rim whe re time dependent mat eria l beh a v i o r  may be a factor. Further, allowance is mad e for the fact that the damaging strain cycles, whether at wheel rev olut ion frequen cies or slower brake cycle frequencies, occur under varying temperatures. Thus, thermomechanical fatigue (TMF) models are nee ded that are applicable to either tread hot spot analysis (3) or mac rocr ack initiation in the hot rim or flange (4). The hot rim is subjected to maj or residual stress reversing bra king cycles and both simultaneous rail load or transient thermal strain subcycles and subsequent rail load and contact ■ stress cycles. Although crack initiation is the m ai n focus, damage rate or T MF crack propagation models are not excluded.
Many whe el stress analyses have been reported over the years, some tre atin g the temperature dependent inelastic strain behavior. The se have been reviewed as part of the lit erature search (5) inc lude d in the current FRA / A A R  program .Nevertheless, the damage models employed (when used at all) have not been representative of the current state of the art in TMF. Therefore, a survey of that art is presented for candidate models for critical eva luat ion and use w i t h i n  the current wheel failure research program.



1.3 Exi stin g Reviews
W it hin the last 20 years a pro li f e r a t i o n  of research and m e t h o d  development in e l e vate d high temperature fatigue design has taken place. A great m a n y  technical, professional, national and even international commitees have been formed to direct, m o n i t o r  and codify this research. These include:

—  ASME Subcommittee 3 of the Met al Pro perties Council—  ASTM Committee E-9 on The rmal Fatigue of Mat erials andComponents—  The Pressure V es sel R e s e a r c h  Committee—  Wel d i n g  Res earc h C o u ncil—  Oak Ridge Nat iona l Lab o r a t o r y  H i g h - T e m p e r a t u r e  StructuralDesign Program—  Argonne National L a b o r a t o r y  Fracture and L ow Cycle FatigueProgram— NA T O  AGARD Structures and Materials Panel
Many special t ec hnic al publications and symposia proceedings dealing w i t h  the topic are also ava ilable ( 6 ) ( 7 ) (8)(9) • In addition, a n um ber of papers (10)(11)(12)(13) have been published in recent years that specifically review and compare the various models. In view of this, the present review represents only a "gleaning" f r o m  these reviews, and only brief descriptions of some of the app aren tly dominant or currently pop ular models are given.
In addition to the dependence on exi stin g review, papers, such as the exc ellent one by Coffin (10), the author i s . indebted to suggestions and references received through personal, com muni catio n from three of the lea ding researchers in the field, Dr. Gary H a l ford of NASA Cleveland, Prof. Bela S an dor of the Uni vers ity of Wisconsin, and Prof. H u s e y i n  Seh itoglu of the •University of Illinois. App endi ces 1 through 3 con tain copies of some reference lists and a n n otat ions received f r o m  Dr. Halford and Prof. Sandor. In some cases text has been, copied freely from existing review papers. Th e s e  instances are indicated by the use of brackets enclosing the cop ied text, followed immediately by a reference number that ide ntif ies the source.



2.0 REVIEW OP LEADING THEORIES
The leading theories, grouped a c c ordi ng to six categories, will be briefly reviewed in the followi ng six subsections.

2.1 Simple L i f e  Pre dict ion Methods
It should be recalled that the most fundamental low-cycle fatigue life prediction relationship

( A i .

was developed, at least in part, from constrained thermal cycling tests performed by Coffin (14) on 304 Stainless Steel to temperatures as high as 500°C. As C o f f i n  (15) has often pointed out: "Although the cyclic temperature alone could produce internal damage in some materials, that was not the case here." Therefore, app lica tions of this observa tion were made in early, elevated tempera ture fatigue life pre d i c t i o n  methods.
2.1.1 L i n e a r  Damage Approach

Many of these early "time-independent" elevated temperature fat i g u e  approaches, even those dealing w i t h  var ying temperature dur ing the cycle such as that of Tai ra (16), ignored inherent time dependency in the fatigue damage assessment and considered creep damage separately. This approach gave .rise to the so called "Time and Cycle F r a ctio n Method," "Linear Damage Approaches" or "Linear Life Fraction" rule adopted in ASME Boiler and Pressure V e s s e l  Code Case N-47(17):

* z i  s B

2.1.2 Uni v e r s a l  Slopes Method
[Although the inelastic strain range could not always be calculated accurately, the total strain range could be by using the concept of strain invariance along w it h an elastic s tr ess- strai n analysis. Thus, by exp ress ing the low-cycle fatigue resistance of a material in terms of total strain range versus cycles to failure, practical predictions of life could be made. In 1964 M a n s o n  and Hir schb erg (18) recognized the importance of this viewpoint and developed a procedure for representing low cycle fatigue curves in terms of the total str ain range. The n these researchers pro p o s e d  a procedu re for est imat ing the total strain range versus cycles to failure curve from only a knowledge of a material's tensile test properties. Their met hod was called the M e t h o d  of Univers al Slopes since it assumed a constant slope of -0.60 for the inelastic line. Furthermore, the intercept of the elastic line was related dir ectl y to the (ultimate tensile strength) and the E (m odulus of elasticity) of the material. The intercept of the inelastic lines was related to D (the ductility in a tensile test). The approach was an immediate success and is used wid ely during preliminary design. Numerous components of the Space Shuttle M ai n Engine (SSME) were designed on the basis of fatigue resistance estimat ed from the Met hod of Universal Slopes.



First attempts to apply the M et hod of U ni vers al Slopes at high temperatures, usi ng hi g h - t e m p e r a t u r e  tensile properties, resulted in overpredictions of life. The cyclic lives are invariably lower than e x p ecte d because at high temperatures detrimental attack of the m a t e r i a l  gra in boundaries occurred from oxi d a t i o n  and cyclic creep strain. Short-time tensile properties are unaffected by oxi d a t i o n  and cyclic creep strain and hence are not directly appropriate for use in est imat ing cyclic lifetimes in the same way as before. Mod ific ation s were in order.
As a first a p p r o x i m a t i o n  to the effects of grain boundary attack on the fat igue process, it was recognized that the microcrack initiation process was being bypassed, leaving only the crack propaga tion por tion of the total life. Since the p r o p a g a t i o n  life could be as low as about 10 percent.of the total life in low-cycle fatigue, it was reasoned that an estimate of the min i m u m  hig h - t e m p e r a t u r e  low -cycle fatigue beh avio r of a mat eria l could be taken as equal to 10 percent of the life calculated by the M e t h o d  of U ni vers al Slopes. This rule, referred to as the "10 Percent Rule," was proposed in 1967 by M a n s o n  and Halford (19) a nd app lied to all of the hig h-te mpera ture low-cycle fatigue data available at the time.] 

(20)

2.2 Str ain Range P a r t i t i o n i n g  Methods
Because of the limitations of the Time and Cyclic F r a c t i o n  Method, Man son et al. (21) pro pose d a m e t h o d  that was called "Strainrange Partiti oning ."
[The method was strain-based, and recognized the des irab ility of dividing (or partitioning) the inelastic strain into its creep and pla stic strain components. The creep strain is thermally activated, d i f f u s i o n  controlled, and is the time-dependent component of inelastic strain, while the plastic str ain is tim e-independent and is a result of cry stallographic slip within metallic grains. The two basic types of inelastic strain can then be combined in the two directions of uniaxial l o a ding —  tension and c o m p r e s s i o n  to four distinctly different combinations. The cycle types are shown in F ig ure 1 and are called the four basic cycles of Strainrange Par tit i o n i n g  (SRP). They are denoted as follows: PP (plastic strain in tension andcompression), CP (creep in tension, pla stic ity in compression),PC (plasticity in tension and creep in compression), and finally, CC (creep in both tension and compression). S t r a i n  cyclic tests can be conducted in the laboratory that individually feature these four types of cycles. A series of such tests conducted to failure gives the results shown sch ematically in Figure 2.
Each SRP cycle type produces a uni que curve of inelastic str ain range versus cycles to failure on logarithmic coordinates. These curves are called the SRP life relations. As shown in Figure 2 the PP curve is usually the hig hest and the CP curve is usually the low est with the PC and the CC curves being intermediate. It should be noted that these relations represent
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Figure! FourBa«cCyclesoiSBf*.

Figure 2.. Pwtitioued Struaruge - Lite Relatioaships.



extremes in cyclic lives, and that any closed cycle is a combination of components of these types of cycles and thus will have a cyclic life that lies somewhere b e t w e e n  these extremes.
Using the Strainrange P a r t i t i o n i n g  M e t h o d  it is possible to characterize the creep-fatigue properties of high-te mpera ture alloys. Because the SRP M e t h o d  is generic, it is applicable to any mat eria l that undergoes hi g h - t e m p e r a t u r e  cyclic inelastic deformation, and it is app lica ble to any conceivable inelastic s tr ain cycle.] (20)
It is claimed by H a l f o r d  that the reason for the generality of the SRP M e t h o d  is that it is based on a microme chani stic d e f orma tion model that is physically sound. [The SRP life relations m ay not be available for a par ticu lar material; therefore, a set of equations has been provided (22) fo r  estimating the four SRP life relations from a knowledge only of a material's tensile plastic ductility and creep ductility D̂ . . The constants in these equations were arrived at by correlating mea sure d ductilities with SRP data for a large number of materials. There are two equations for the CP life relation. The first equation is to be used w h e n  the creep cracking is transcrystalline and the second is for w h e n  the cracking is. intercrystalline. The life relations estimat ed by these equations,
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are in agreement with m e a s u r e d  life relations to w i t h i n  a factor of approximately three in cyclic lifetime. The greater the ductility, the greater the resistance to failure by cyclic inelastic deformation. The se equations also help to predict whe ther the SRP life relations are sensitive to test temperature. For example, if the ductility of an alloy does not change appreciably wit h temperature, it wo u l d  be pre dicted that the SRP life relations wou ld be insensitive to test temperature. Such a set of circumstances would be a distinct advantage in the analysis of thermal fat igue cycling w it h temperatures varying thr oughout the cycle.
It should be pointed out that alt houg h the life relations may not be functions of temperature, the str ess-strain relationships and the creep rate versus stress relationships are still highly sensitive to t e m p e r a t u r e . ](20) [The m et hod is



ass umed to have broader applicability than to isothermal con di­tions, bas ed on tests per formed at various temperatures in whi ch  the CC, CP, and PC baseline failure data show an ins ensitivity to temperature. The ass umpt ion is then m a d e  that the baseline data are temperature independent, such that the rmom echan ical loading conditions can be included in the predictive scheme. The m et hod  has been used for life prediction in a large number of cases. A comprenensive review of the method and its a pp lica tion to a wide variety of problems is available (23)(24)(25)• A critical e v a l ­uation of this and other methods was pre s e n t e d  a part of an Oak Ridge study on time-dependent fatigue (26).](10)
[Various m od ific ation s based on ductility nor mali zatio n  have been tried in an attempt to rationalize the SRP approach further. Priest and Ell ison suggested a technique which took account of the len gth of the hold per iod and, subsequently, more det aile d m e t allo graph ic analysis led to a f u r ther refinement wh i c h  took account of the observed damage processes. Rates of d ef orma tion were associated with the dif ferent damage mechanisms operative during the hold periods. Domains of dominant m e c h a n ­isms were then defined, and these were used to 'sub-partition* the SRP creep strain components. Very g o o d  predictions resulted from a p p l i c a t i o n  of the Damage M o d i f i e d  SRP a p p r o a c h . ](11)
Some current research is focused on casting SRP in terms of total strain range rather than just inelastic strain range(27). The total strain range SRP app roac h should be of con side rable practic al value to designers who are faced with cre ep-f atigu e problems for which the ine lastic strain cannot be calculated w i t h  sufficient accuracy to m ak e reliable life predict ions by the conventional inelastic strain range SRP approach.
Simple procedures have also b ee n developed and verified(28) for tre atin g the difficult problem of n o n line ar cumulative f a t igue crack ini tiat ion damage under complex loading histories. The Double L i n e a r  Damage Rule (DLDR) is a concept arrived at through v i e w i n g  the fatigue process as two sequential phases.] 

(20)

As usual with such design and e v a luat ion approaches that have wide applicability, there are examples of both good and poor correla tion w it h data. Naturally, the instances of poor correla tion have given rise to the modifications. In any event, the M o d i f i e d  SRP Method(s) retain a dominant pos itio n in current ele vate d tem pera ture fatigue design tec hnol ogy and serve as a bench mark for competitive theories.



2.3 Frequency Mod ifie d and Frequen cy Se p a r a t i o n  Methods
[In the Frequency Mod i f i e d  Strain- Life method, Coffin(2 9 ) takes account of env iron menta l and other time dependent effects in fatigue at high temperature, by the introduction of a frequency term into the M a n s o n - C o f f i n  law, so that

= f 3.
where K',/3 , and F are m a t eria l constants. It was later assumed that damage only occurred during the t e n sion -goin g part of the hysteresis loop, but this did not always yield reliable pre dicted lives; an approach to cater for severely unb alan ced loop shapes was subsequently devised, termed fre quency s e p a r a t i o n . Complex hys tere sis loops containing hold periods are assumed to be app roxi mated by continuous loops with constant, though different, tension- and c o m pres sion- going strain rates. W it h reference to Basquin's Law, Coffin der ived a lifetime equ atio n of the form

where A ,  & and K /  ^are coefficients from the Basquin relation, AC ~ A and A is the stress range for loopsw it h unequal ramp rates.
This frequency sep arat ion technique uses coefficients obtained from balanced loops only. C of fin points out that this may not always be possible, and a similar equ atio n whi ch uses some hold period data also, viz:

In Eqn.5, F, (Band K are constants obtained f ro m balanced loop d a t a ; and a is found f ro m u n b a l a n c e d  loop data.] (11)
The rationale for these two fre quency modifications has b ee n summarized by Cof fin as follows:
"There is a large volume of evidence to support the 

position that low-cyc le fatigue is largely a process of microcrack propagation. To a first app ro x i m a t i o n  damage by crack growth can be ass umed to occur only whe n the crack is opening, that is, w he n tensile stresses are acting in the region of the crack. Thus the conditions of temperature, frequency or strain rate, environment and strain whi ch con­tribute to crack advance apply while the crack is opening, that is, during the tensile going part of the loop. Two procedures were develop ed to utilize this damage concept, based on the fre que n c y - m o d i f i e d  fatigue equations.



The first of these procedures is very simple, req uiring only that the frequency term in Eqn.3 is replaced by that ass ocia ted w i t h  damage, i.e. the so-called tension-going frequency. Actually, it is more s t r aigh tforw ard to deal with time qua ntities rather than frequencies. Thus in Eqn.3,
T= ~ Zt + '%c where 2^ and Xe are the tension and compression going times. Since the coefficients in Eqns.5-7 have been det ermi ned for balanced loop conditions, ^  • Bydef init ion % -- , £ =  'M. . Thus for balanced loop con di­tions J47 = Z-V? or, Eqn.3, V ” Ve/z. . For any other loop the tension going time 2? is found, such that 1/r l/(Z'%") andthis is used in Eqn.3*

The second procedure is more involved than the first, and involves a readjustment of the plastic strain range to acc ount for loop unbalance. For details the reader is directed to R e f . (29)." (10)
Cof fin argues that the types of materia ls tests required to det ermine the constants in Eqn.4 or 5 are more conventional and easier to control than those required by the SRP Method.

2.4 E n e r g y  Based Approaches
Ene rgy based approaches which consider the hysteresis loop have also been developed.

2.4.1 O s t e r g r e ^ s  Theory
[A damage function which includes stress as well as s t r a i n  range to describe failure under f at igue -cree p conditions ■has been pro pose d by O st ergr en (30). The basic ass umpt ion of the m e t h o d  is that the net tensile hysteresis energy is a mea sure of damage and can be app roxi mated by the product Oj-AGya , wh e r e  Cfy is the peak tensile stress. This energy term was then used in the followi ng relationship in a similar m an ner to 

the frequency m o d i f i e d  approach:
x-c*< > ̂ ( K  ~ l)O y  bQ V  =  S  6.

whe re S , <=< , K are material constants. For materials in which damage is independent of wave shape

f c + v y  7-
but to take account of wav eshape dependence

V  - %  > %  8.
Lo *  4c.
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As pointed out by Ostergren, alt h o u g h  a var iation on the frequency m o d ifie d app roac h was selected in dev elop ing his theory, similar mod ific ation s could in pri n c i p l e  be made to other predictive techniques like SRP.
2.4.2 Other Energy Approaches

Other examples of this general a p p r o a c h  have been developed by Leis (31) and. R a d h a k r i s h n a n  (32). Leis proposes a general damage parameter for fatigue and creep-fatigue applications based on the hyp othe sis that damage is dependent on the internal total octahedral strain energy. Rad hakr ishna n develops a damage interac tion p a r a m e t e r  that, together wit h the tensile energy expended in crack propagation, determine the time dep endent fatigue life.

2.5 Damage Rate App roaches (Crack and V o i d  Growth)
A n um ber of life p r e d i c t i o n  methods, such as that of R a d h a k r i s h n a n  above, have foc used on the crack g ro wth or cavity dev elop ment process. These are ter med ’’damage rate approaches."

2.5.1 M et hod of M a j u m d a r  and M a i y a
[The approach developed by M a j u m d a r  and Mai ya (33)(34) (35) Is once again a strain based approach, but unlike SRP, for example, it takes account of the rate at w h i c h  the. fatigue or creep damage is accumulated. In its simplest form, ( 33 ), the app roac h considers damage to be mad e up of microcracks. The g r o w t h  of each m i c rocr ack is assumed to be gov erne d by the 

equations , . . Kp
d q  - 

~ d lF
a t £ ) l e? l  1 ^ 1 10.

whe re T ,  C  and H'p are mat eria l par amet ers which areapproximately constant over a range of and 6^? . T  and 
C are included to account for differe nces that can occur in growth rates under t e n s i o n e r  compression. Eqn.10 can be integrated to calculate the life for the appropr iate waveshape.

An ext ension of the original app r o a c h  was subsequently pro pose d (34), in whi ch damage was c o n side red to be made up of crack damage and cavity damage whi ch ac c u m u l a t e  independently.The rate of gro wth of cracks is still g i v e n  by Eqn.10, but in add itio n cavity g r o w t h  rates are ass umed to be des cribed by
=  G l 6f l  ^  * n -

where /C is the cavity size at time t  and & is a material constant, with appropr iate sign for tensile and compresive stress regimes. It should be noted that alt houg h the incremental cavity damage can be negative, the net cal cula ted size cannot be; i f yC. becomes less than X,B , it is assumed that the cavities anneal out instantly. Pinal failure is cal cula ted as the reciprocal of 
the sum of the crack and cavity damages.



Rec entl y (35) a final interactive damage equation has b ee n proposed of the form
y n ,  - . K p

0I r g  ■ ( £ ) ( '

2.5*2 W a r e i n g 1s Crack Propagation M et hod

12.] (11)

[Wareing (36) has proposed a mod el for a creep-fatigue i n t erac tion wh i c h  assumes that all the spe cime n indurance is tak en up in crack propagation. For pure fatigue situations, the m o d e l  of Tomkins was used to describe spe cime n lifetime as f o l l o w s :

A  € ? >  -  / ] 13-
E qn .13 was subsequently treated as an upper bou nd on endurance.

W a r e i n g  goes on to consider a lower bound case in which the plastic zone size becomes effectively infinite (i.e., it extends across the specimen width). For this case the endurance r el atio nship becomes
1 4

U n d e r  simultaneous cyclic-hold test conditions, the creep-damage f or med during constant strain hold periods increases the plastic zone size ass ocia ted w it h a surface fatigue crack, until it extends it across the specimen width. Eqn.l4, therefore, des cribes the endurance under these conditions also.
For cycles containing varying periods of tensile relaxation, specimen lifetimes should be bet w e e n  the upper and lower bounds des cribed by Eqns.13 and 14, respectively.] (11)

2.5*3 M e t h o d  of Sehitoglu and Morrow
Another crack pro paga tion model develop ed by Sehitoglu and M or row (37) has been developed for T MF app lica tions especially for steel wheels. It is based on the crack tip ope ning displacement par ameter

I f ] ]  15.

A relationship of the fol lowing f or m is suggested for crack rates over the AS  range of interest,
^  - 3 - U * > D 7 [ A  & t )  16.

The flow stress, So, used applies to the lower temperature in the cycle, and the crack propagation factor and exponent are also det ermi ned at lower temperature. Therefore, temperature dependent properties enter only into the d et ermi natio n of the



tensile stress range, A S  . This a p p roac h is being developed by Sehituglo, supported in part by AAR, to make life predictions for thermalmechanical histories, inc luding the influence of damage due to thermal subcycles w i t h i n  a ma j o r  thermal cycle.
Creep-fatigue interaction in crack p ro paga tion models is also treated in the 6th Interna tiona l C on fere nce on Fra ctur e by Sadananda (38) and Cha llen ger (39) as well as by Taplin, et al.,(40) who emphasize environmental effects and use of "fatigue maps."

2.6 Continuum Damage Approaches
A stress based approach has bee n developed, primarily by R u s s i a n  authors, to predict m ac rocr ack ini tiat ion based on constituitive equations that govern the evoluti on of damage.This approach has been reviewed by Priest and Ellison.
[The concept of a continuum damage parameter, U) , was first proposed by Kac hano v (41). This abstract parameter was defined to be 0 for mat eria l in its v i r g i n  condition, and approaches unity at failure. The n o n l i n e a r  nature of creep-fatigue interactions can then be describ ed by expressing the rate of damage acc umul ation as a f u n c t i o n  of effective stress, e.g.

C u r r e n t l y 'there are a num ber of approaches based on the damage parameter concept (42)(43)• The m e t h o d  due to Chrzanowski (42) is typical of these approaches; in this case damage is only considered to occur for positive stress increments and under tensile stress conditions (as ind icated by the Heaviside F u n ctio n H). The Complete damage law is then gi v e n  by ^

l t .

where the first and second terms define fatigue and creep damage respectively and Co , C ' , Y0 and % are mat eria l constants. Note the ability of this equation to describe a non linear creep- fatigue interaction, due to the presence of the total damage term, 00 , in each part of the equation. Eqn.l8 may beintegrated for a known stress-time history to give an equation for the pre dicted lifetime.] (11)
A critical eva luat ion of the m e t h o d  in comparison to SRP was made by Chaboche et al. (44). They acknowledge the adequacy of the SRP m e t h o d  over the intermediate range of frequency, but believe the "continuous" damage app roac h of Kac hano v covers a larger range of test conditions.



3.0 RECENT DESIGN APPLICATIONS
There are several recent published examples of the a p p l i c a t i o n  of T M F  life pre dict ion methods, primari ly SRP, to pra c t i c a l  elevated temperature designs that bear some s im ilar ities to the strain/temperature loading expected for the hot rim regions of a braked railroad wheel. They illustrate the problems and successes of pre dict ing the overall cyclic s t r e s s - s t r a i n  loops based on appropriate elevated temperature f lo w models used in advanced F.E.A., as well as the app lica tion of crack initiation theories. These applications to diesel engine and gas turbine components are briefly d es crib ed in the f o l l o w i n g  subsections.

3.1 Diesel Engine Components
The experiments and analyses of Sau geru d (45)(46) rel atin g to the life pre dict ion of diesel engine cylinder liners and crowns illustrates a num ber of phe nomena app lica ble to res earc h on braked wheels. These are:

1. A dominant thermal load cycle (engine load level).2. Sup erim posed higher frequency cycles (combustion cycles).3. An initial compressive plastic strain caused by start-up.4. The app lica bilit y of induction hea t i n g  experiments with.ring type specimens.5* The separation of high cycle and low cycle fatigue damage.
The ADI NA and ADI NAT F.E.A. com pute r programs developed at M.I.T. were used to predict local s t r ess- strai n cycles for cha r a c t e r i s t i c  engine thermal cycles. The n u m b e r  of cycles to crack initiation could be predicted " q u a l i t a t i v e l y ” correct a c c o r d i n g  to Saugerud. Cyclic creep effects were not evaluated in this analysis, however. Some observations of crack p r o paga­tio n and applica tion of fracture mechanics theory is also given. T he Jas ke overlay mo d e l  (two layer idealization) for cyclic data was shown to be in good agreement with m e a s u r e d  strains.

3.2 T u r b i n e  Combuster Liner
A n o ther high temperature component wit h a similar t h e r m o m e c h a n i c a l  loading —  a turbine combuster liner —  is a n a l y z e d  by M or eno et al. (47) using the M A R C . g e n e r a l  purpose F.E.A. program and SRP life prediction methods, as well as a Pratt & Whitney Combuster Life Prediction Method. For this ana lysi s the component response in the critical area contains only the pp (tensile plasticity reversed by compressive plasticity) and pc (tensile plasticity reversed by compressive , creep damage cycles.
[The results of the combustor liner n o n line ar structural a nd life analyses can be summarized as follows:

(1) Th e  nonline ar structural analysis indicated that the t im e-de pende nt plasticity model and the creep m o d e l  did not



accurately predict the cyclic the rmom e c h a n i c a l  response at the louver failure location. Tests of a uni axia l strain controlled specimen run w it h the same me c h a n i c a l  str ain- tempe ratur e history as computed at the failure location showed that the str ess-strain response sta bilized w i t h i n  the first few cycles. Analytical ' simulation of this experiment with the Hastelloy X creep- pla sticity models exhibited continued cyclic hardening (increasing peak tensile stress and reduced inelastic strainrange) and ratcheting after many cycles. Use of one of the rate-dependent (unified) con stit utive theories currently under development may be required to improve the pre dict ion for the var ying temperature loading conditions. D e t e r m i n a t i o n  of correct the rmom echan ical response is critical for the life pre dict ion of engine hot section components.
(2) The linear elastic structural analysis and the nonlinear inelastic analysis pre dict ed total strainr ange values that were w i t h i n  &% of one a n o t h e r . . In addition, the inelastically calculated total strainrange remained constant even though the stresses and strains ratcheted.
(3) Both the SRP and Pratt & Whi t n e y  Methods overpredicted the cracking life.
(4) The overpredictions in the combust or liner life based on the analyses in conjunction with isothermal, str ain- contr olled fatigue test data suggest that a t h e rmom echan ical fatigue cycle produces damage at a fas ter rate than a comparable isothermal cycle.] (47)
3.3 Turbine Blade

A comparable analysis of the cra ckin g of a turbine blade tip of cast Rene 80 mat eria l was m a d e  by McK nigh t et al. (48) with somewhat g r e ater success in life prediction. Both SRP and the Frequency M o d ifie d (FM) Life R e l a t i o n  M e t h o d  were used. The ANSYS F.E.A. program was used w i t h  the ANSYS kinemateic hardeni ng  opt ion and a time har d e n i n g  exponen tial creep law. Only the pc inelastic strain component was con side red to be present in this case.
[The results of the turbine blade nonlinear structural and life analyses can be sum marized as follows:

1) The total strain range at the critical cracking site was calculated u s i n g  both elastic and inelastic ANSYS analyses. The total strain range values were w i t h i n  less and 3% of each other, thus indicating the potential value of the simpler, much less expensive, elastic analysis.
2) Tests of a uniaxial strain con trol led specimen following the same str ain- tempe ratur e history as computed at the blade tip crack initiation location showed that the stress-strain response stabilized by the fourth cycle. A na lyti cal simulation of this experiment dem onst rated later sta bi l i z a t i o n  of the stress-strain



response, h i g h e r  peak stresses, and a smaller amount of stress r el axat ion than the test results indicated. These discrepancies b e t w e e n  analysis and experiment suggest that the creep mod el  a nd /or data did not accurately represent the mat eria l cyclic tim e - d e p e n d e n t  behavior.
3) T h e  thr ee-d imens ional structural analyses produced results in qualitative agreement with the limited exp erim ental evidence. The m a x i m u m  s t r a i n  ranges were pre dicted for the blade tip region whe re actual cracking occurred.
4) Cyclic crack initiation life of the blade tip was c a l cula ted by the strainrange partitioning (SRP) and frequency m o d i f i e d  (PM) approaches and compared to the observed life of 3000 cycles from factory engine testing. Predict ed lives ranged from 1200 to 4420 cycles for SRP depending u p o n  the magnitude of the exp ecte d inelastic strain range. Based upon a calculated total str ain range of 0.31%, the PM m et hod p r e dict ed a crack in i t i a t i o n  life of 2700 cycles.] (48)



4.0 RECOMMENDATIONS FOR WHEEL RESEARCH

Based on the above "review of reviews" of the state of the art in the rmom echan ical fatigue, the following recommendations are made for fur ther study of methods that may be useful for wheel failure research:
4.1 Define Cyclic Flow Behavior

An essential p re requ isite for the applica tion of TMF life prediction methods is a sat isfa ctory m o d e l l i n g  of cyclic flow behavior under variable t em pera ture and strain cycles. Uniaxial experimental simulations, employed in several recent design eva luat ion studies such as those des cribed above, are important aids in this task. As indicat ed in S t o n e ’s letter to Stevens (2) such tests are planned as part of the continuing materials testing task under the F R A  sponsored Wheel Fracture Program.
4.2 Apply Simple Methods

IITime independent fatigue assumpt ions should be tested! over the temperature range of interest. Some dependence of j cycles to failure on temperature for a given inelastic strain j range is evident from fat igue pro pert ies for wheel steels over 1 the range 25 C to 600 C reported by Fee and U t r a t a  (49)* The m et hod of Universal Slopes with and w i t h o u t  the 10% life rule should be used in an attempt to e x t rapo late lower temperature isothermal test data and test the limits of its applicability.
4.3 Apply and Evaluate L e a d i n g  Theories

Followi ng the above explora tory applications of simple life pre diction methods, a more tho r o u g h  critical and comparative study should be made of the leading mac r o c r a c k  initiation theories with wide acceptance and des ign applica tion experience. These are the SRP and FM Methods w i t h  their several m o d i f i c a ­tions. For initial illustrative applications, estimates of the special properties required by these methods can be made using guidelines established by H a l f o r d  and Cof fin respectively. Although special tests may u lt imat ely be required to establish either method for wheel steels, some mechanics applications to wheel tread and hot rim regions should be attempted before advanced materials testing f or special T MF properties begins.Such analytical applica tion attempts may reveal una ppre ciate d weaknesses of these methods in the whe el rim a p p l i c a t i o n  or, indeed, o pe n possibilities for a p p l i c a t i o n  of other crack initiation or even crack p r o p a g a t i o n  or damage rate theories.
. The leading crack p r o p a g a t i o n  method adapted to wheel steels appears to be that of Sehitoglu. Its applica tion to rim failure pre dict ion depends on the det erm i n a t i o n  of the nominal tensile stress range in the cycle at the critical location. This applica tion should be possible on the basis of the uniaxial simulation of m e a s u r e d  wh e e l  s t r a in/ tempe ratur e cycles or 

adequate inelastic F.E.A. predictions of the stress cycle.
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The following list is not made in any order of significance. However, 
the most important items are marked with an #.

"Nonlinear Structural and Life Analyses of a Combustor Liner,"
V Moreno, G J Meyers, A Kaufman, G R Halford, NASA TM 82846, 1982.

Addresses limitations of Current nonlinear structural modelling and 
creep-fatigue life prediction schemes for a hot section component.

Fig 8. Uniaxial thermo mechanical test; experimental data vs. prediction

"Complexities of High Temperature Metal Fatigue -Some Steps Toward 
Understanding", S S Manson, G R Halford, NASA TM 83507, 1983.

p.1 possibility of "healing"
concept of ^equivalent micromechanistic damage
interaction of LCF and HCF
creep rates in tension vs. compression

p.2 10% rule for first approximations

p,4 list of major methods

p.5 permutations of loading lead to different micromechanistic effects

p.9 SRP most promising for the materials studied

p,10 Life depends on Ae, not Act (for given metal)
all deformation in slip planes, for tirae-dep, and time-indep.

p.11 role of oxidation for some mat. 
maverick mat.

p.13 interaction damage rule

p,15 healing
p.16 a few cycles of LCF extremely damaging with concurrent or subsequent 

HCF; Fig 33
p.17 e creep, tension vs. corapr.
"Strainrange Partitioning - A total Strain Range Version" G R Halford,
J F Saltsman, NASA TM 83023, 1983

p.l not necessary to use Aep
p.4 for extrapolation into HCF creep-fatigue
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p,9 covered only isothermal conditions

3a. "Preliminary Study of Thermomechanical Fatigue of Polycrystalline 
MAR-M20Q," R.C. Bill, M.J, Vessilli, M A McGaW, G R Halford, NASA 
TP 2280, 1984

p. 1 Bithermal tests
review of thermomechanical fatigue

p.3 Fig 3. in-phase more damaging

p. 12 important conclusions

•A. "Practical implementation of the Double Linear Damage Rule and Damage 
Curve Approach for Treating Cumulative Fatigue Damage, "S-S. Manson,
G R Halford NASA TM & 1517, 1980

p,1 single equation with Damage Curves

*5. "Relation of Cyclic Loading Pattern to Microstructural Fracture in
Creep Fatigue ," S S Manson, G R Halford, R E Qldrieve, NASA TM 83473, 
1984.

data for 316SS; crack initiation; interaction of LCF and HCF

#6. "Turbine Blade Nonlinear Structural and Life Analysis," R L McKnight,
J H Laflen, G R Halford, A Kaufman, J. of Aircraft, Vol. 20, No. 5, May
1983.

p.475 3-D nonlinear finite elements;
experimental results: higher peak stresses and greater 
relaxation than predicted

7. NASA -Lewis Bibliography on Fatigue and Fracture

8. "Creep and Fatigue in Elevated Temperature Applications," Int. Conf, 
Sheffield, April 1974, Vol 2, Inst, of Mech., Eng., London, 1975.

p.18 creep-fatigue interaction; ratcheting

p.19 Fig. 8 proposed ratcheting design limits

p,23 Fig.D! master curve for damage accuro.
p.26 "negative" frequency dependency Fig. D4 plastic poisson ratio 

cycle-dep,

p.79 Figs, time-temp, responses, measured and calculated.
p.83 Manjoine ; general damage law with interaction co-efficients

p.93 Manjoine : in 80% of cases, cracking with local strains < 1%; 
little degradation in ductility



"A Non-linear Hardening Model and Its Application to Cyclic Loading,"
Z Mroz, H P Shrivastava, R N Dubey, Acta Mechanica, 25, 1976.

p.51 simulation of cyclic creep,stress relaxation, hardening 
or softening

"Metal Deformation Modeling-Stress Relaxation of Aluminium,"
R W Rohde, J C Swearingen, ASTM STP 676,1979,

p.21 99.99% pure A1
raicrostructural recovery 
kinetic law (evolutionary material law)

p.22 Eq,1; ep 0 f ( °)

p.23 Eq.3b: A=microstructural variable

"Behaviour in Fatigue-Relaxation of a High-Creep Resistant Type 316L 
Stainless Steel", M Mattot et al, ASTM STP 770, 1982.

p.163 Fig 6 creep-fatigue linear damage diagram

p.165 creep dainage increases with the amount of stress relaxation

"An Incremental Criterion for Time-Dependent Failure of Materials/'
S R Bodner, U.S. Lindholro, Trans. ASME, J.Eng. Mat. and Technology,
April 1976.

p.HA Summary; stepwise computation of stresses, Ae
v

A£p, total plastic .work, stored energy of inelastic deformation

"Requirements of Constitutive Models for two Nickel-Base Superalloys," 
J.H. Laflen, T S Cook, Constit, Laws for Eng, Mat., Proc, Int. Conf. 
Tucson Arizona, Jan 83.

p. 121 at high Thorool., eeffects dominate behaviour; at lower 
Th, mean stress effects more important

p.122 Fig 2 ; effect of strain ratio on mean stress

p.123 reverse frequency effect

"Determination of Unified Constitutive Equations for Metals at High 
Temperature", S Cescotto, F Leckie, Constit. Laws for Eng. Mat.,
(see 13),
p. 105 simulate creep, relaxation, e effect, cyclic straining

"A Review of the Rate Dependent Plastic Deformation Processes and 
the Associated Constitutive Laws," A S Krausz, K Krausz, Constit.
Laws for Eng. Mat (see 13)

p.81 power function - extrapolation dangerous; material 
science constitutive equation is better 
- Eq.la ; fundamental constit, equation
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17.

18.

19.

20. 

21.

16.

p.83 three major factors for usefulness of any constit. equation
"A Non-Linear Uniaxial Integral Constitutive Equation Incorporating 
Rate Effects, Creep and Relaxation," E P Cernocky, 6 JCrerapl, int.
J. Non-Linear Mechanics, Vol 14, 1979.

•p.188 Fig 3 response to change in e
p.191 Fig. A stress relaxation

p.194, Figs 5,6 stress-strain for various g 
195
"An Experimental Study of Room-Temperature Rate-Sensitivity, Creep 
and Relaxation of AISI Type 304 Stainless Steel, " E Krempl, J, Mech 
Phys. Solids, Vol 27, 1979.

p.363 the relaxation behaviour in the plastic range depends only 
on the e preceding the relaxation.

p.366 Fig 2 stress-strain for various e

p.369 Fig 7 fully reversible transitions between hysteresis loops

p.370 Fig 8 decrease in ratchet strain with cycles

"Fatigue Testing and Design, Vol 1,", SEE Fatigue Group, 1976.

p.17,20 Fig. 6 life plot, effects of tensile hold periods

"Coherent View of Creep and Fatigue," K Lehofer, 8th Congr. on Mat, 
Testing, Budapest, Sept. 1982, p.138.

uses steady-state rate of creep recovery and Monkman-Grant equation 
with yield strength at room temp, and mean interparticle spacing

D Spera in ASTM STP 52Q, 1972

p.649 strain-temp-time calibration curves

p.650
"Ductility Indices at Elevated Temperature", M j Manjoine, Trans ASME, 
J.Eng. Mat.and Technology, April 1975.

p.156 factors: strain rate and state of stress on ductility
p.158 effect ofe on ductility increases with temperature: a

t4ecneasa-ofiducLility-with“decpeasing“;3traTrt'1'ratev^“*i*̂ ""̂ ‘ 
decreasing frequency of cycling or longer hold times

p.160 triaxiality factor
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24.

25.

•26.

27.

28.

22.

29.

5

p.767 Fig. 11 strainrange components produced in edge by several 
thermal histories; stress relaxations

p.770 Fig. 12 potential benefit of temperature phasing

J.F. Polheraus et al in ASTM STP 520,1972

p.625 cycle-by^cycle reckoning.of ductility used and remaining

S.S. Manson in ASTM STP 520, 1972

p.634 Fig 3 three important things for the designer

E G Ellison, D Walton in Conf. Public 13, Inst. Mech. Engrs. 1973

p.173.1 propagation rates exceeded those predicted

p.173.4 alternate fatigue and creep; crack tunnelling

p. 173.8 Fig 173.7 static and cyclic creep

P F Mowbray, D A Woodford (see 24).

p.179.1 major cracking during heating shock, not during cooling

p.179.3 Fig 179-4 calculated strain-temp, histories for heating 
and cooling shocks

p.179.11 Fit 179-18 calculated stable loop for temp, shocks 

M F Henry et al (see 24)

p. 182.2

p.182.6 SRP doubtful for A286
note environmental effect

P N Flagella, R Hundal (see 24).

p.167.8 three distinct frequency regions

C E Jaske et al (see 24).
p.163.4 equation for cyclically stable relaxation

p.163.3 Fig 163.2 large effect of tension hold time on life for 
316 SS

H Abdel-Raouf et al (see 24)

p.185-1 frequency method > ' '
p.185.6 Figs, creep-fatigue damage plots for copper and 304 SS
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30.

31.

32.

*33.

*34.

3 5 .

G F Harrison, G P Tilly (see 24)

p,222.5 Fig 222.9 estimated and experimental rupture behaviour 
for atatip and cyclic loadings

F Suzuki (see 74) '
p.251.1 small AEon constant mean strain - increases stress relaxation 

rate

p.251.6 Eq. 251.6 dynamic stress relaxation

K T Rie et al in Advances in Fracture Research,Vol 5 (Fracture 81)

p.2371 hold periods in tension, 1-60 min, alloy steel 

p.2378 Fig 8. Ae vs. critical cycles

R Hales in Fatigue of Eng. Mat and Structures, Vol 6, No 2, 1983

p. 121 theory: creep-fatigue -effect; ui^high itemp^S'-governed^
by a difference%n^strain rate ?ai>6und^he xvcle::i;;aridj5ith&^‘̂

p.123 Fig. 1 ductility vs. e ,304 and 316 SS

p.125 Eq. 5b conversion from elastic to plastic

p.128 Fig 5 hysteresis loop with common hold period; conversion 
from elastic to plastic

p.133 void shrinkage much faster than growth

unbalanced strain rates important

p,135 damage function
hea ling function

S Majuradar, P A Maiya, in Trans. ASME, J.Eng. Mat, and Tech. Vol 102, 
Jan 1980,

p.162 damage rate equations based on cracks and cavities 

importance of waveshape
possibly poor choice of life range; prediction for long- 
hold effects may be unreasonable

"Background to the Elastic Creep-Fatigue.
Rules of the ASME B & PV Code Case 1592",

L.K Severud, Nuclear Eng and Design, Vol 45, Feb. 197^1

p.449 prediction of Ae ; modified Neuber approach; adjusted 
design fatigue curve
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36. R P Skelton in Mat. Science and Engineering Vol 19, 1975

p.29 after many holds, permanent deformation perpendicular to the
principal stress '

37. D Kujawski, E Krempi; in J of Applied Mechanics, Vol 48, March

p.55 Titanium alloy; ratcheting increases as stress rate 
decreases

1981

*38.

39.

40.

41.

42.

43.

44.

"Deformation Modelling of Aluminium: Stress Relaxation, TransientBehaviour, and Search for Microstructural Correlations,"
R W Rohde, W.B. Jones, J.C.Swearingen. Acta Metallurgies, Vol 29, 
1981

p.41 Searches for correlation between deformation law state
variables and microstructural elements may be futile

p.42 stress relaxation equation

P‘45 F
r

Y Asada, S Mitsuhashi in Int. Conf. on Eng.
Aspects of Creep Vol II Mech. Eng. Publ. Ltd., London 1980

p.201 Eq. 2 life prediction for creep-fatigue, tentative

V A Strizhalo (see 39, Vol I)

p.149 simple equation for fatigue life using steady state creep 
rate

M Sakane, M Ohnarai, in 3rd Int. Conf. on Pressure Vessel Technology, 
Part 2, ASME

p.783 Fig 7 crack growth curves for copper for three types of 
loadings

Laflen and Jaske in ASTM STP 676
p.200 Fig 7sc hematics of various tensile hold segments
Soo and Skelton in Int. Conf. on Eng.
Aspects of Creep, Vol I, U of Sheffield, 1980

p.97 estimating stress relaxation from creep data.

"Multiaxial Creep - Fatigue D amage," D W Lobitz, R E Nickel, Nuclear 
Engineering and Design, Vol 51, Dec. 1978

p.63 procedure and application
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"Treatment of Multiaxial Creep-Fatigue by Strainrange Partitioning, 
S.S. Manson, G R Halford, 1976 ASME - Metal Prop Council Symp. on 
Creep-Fatigue Interaction, ASME, NY 1976.
p.299 closed loops or plastic and creep strain ratcheting

m— ih' I' ■:--
P-312 * «ja rg ra c tio n  dam ag^r-nlg
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APPENDIX 11.2

DESCRIPTION OF STRESS6 PROGRAM FOR CALCULATION 
OF WHEEL STRESSES DURING RDU TESTING



STRES6

STRES6.F0R is a program written to determine the circumferential, radial, and 
"effective" stresses and plastic strains in the wheels during RDU braking 
(heating) testing. The computations are based on biaxial state of stress 

including yield and plasticity.

The program accepts strain-gage coefficient data from a file MIF.DAT and raw 

strain, temperature, and horsepower data from the various run files such as 

WFM3132.DAT. It produces the following files:

TEMP.LIS Description of each information channel 
List of raw strain, adjustments, actual strain

TEMP.STR For each time, a listing of actual strains, tempera­
ture, stresses, and effective stress.

RESULT6.DAT Tabulation of:

o raw strain
o temperature

o strain-gage correction factors
o actual (total) strain .
o brake horsepower
o plastic strains
o effective plastic strain



o effective elastic stress

o effective elastic stress after yield has occurred
o radial and tangential stresses
o net effective stress (real)
o total braking energy input

In the RDU test program strains and temperatures are measured at three loca­

tions, Bl, B2, and B3 on the wheels. At Bl, strain is measured only in the 

tangential (hoop) direction. At B2 and B3, strains are measured in both tan­

gential and radial directions.

The information at Bl is treated as if it were a uni-axial stress situation. 

At each time that data is taken, a value of temperature dependent yield stress 

is calculated from:

SIGYDN =68. - .028 * TEMP (I)

From the actual tangential strain an "elastic" tangential stress is calculated 

from:

ctt = E • eT

If this value is less than the temperature dependent yield stress, then is 

the true tangential stress and there is no plastic strain.

When the comparison of the "elastic" tangential stress with the yield stress 
indicates that yielding has occurred the program determines the moment of 
yield by linear interpolation, finding the "crossover" point of the descending



value of yield stress and the ascending value of "elastic" tangential stress. 
The tangential strain and tangential stress are evaluated at this point as

The subsequent change in plastic strain over the interval Tyjj - T^ is found by

AeJj!L= A £ ™ T - Asjji or

AeT = (£Ti - £'t) - (aTi-CT'T)

For subsequent intervals within the plastic regime the tangential stress is 
the yield stress at the "new" temperature and the change in plastic strain is 

found from

AePT (£m _ £rn ) “ (Orri “ )
XN aN-1 N aN-1

E

When the elastic regime is re-entered, the last value of accumulated plastic 
strain is retained and is subtracted from the actual strain to give an elastic
strain, £^ = £^-£^

Ectt = £t • E

then:



In the calculations dealing with B1 location, the following program symbols 
are used:

AC STRC (ICX NCHOUT) actual tangential strain at time ICX
AC STRR (ICX NCHOUT actual radial strain at time ICX = 0

EC STR elastic stress

SIGYDN yield stress at "new" time

SIGT (ICX NCHOUT) tangential stress at time ICX

EFFSTR (ICX NCHOUT) effective stress at time ICX 
(equal to tangential stress)

SIGR (ICX NCHOUT) radial stress - 0

PL STNT (ICX NCHOUT) plastic tangential strain at time ICX

PL STNR (ICX NCHOUT) plastic radial strain at time ICX = 0

SLYD slope of yield stress curve

SLSG slope of tangential stress curve

FAC3 proportioning factor

SNPRT £t
SIGPRT Cfj,

DPLSTN Ae?1

SNTE £t
SIGYDO yield stress at "old" time

Locations B2 and B3 are treated as bi-axial stress fields. The yield criteria 
is given by:

V  + V  '  °RaT = V (1)



The plastic flow rule for small changes in strain gives

CTR2 “ CTT2 " CiaR + Cl<JT = 0 (2)

where

f = 2K2 + Kt, = 2Kt + K2
Cl 1 ~ 2y °2 1 - 2y

Ki = E (eR - eR') + ctr ’ - yoT'

K 2 = E (sT - eT') + aT ' - yaR

When dealing with locations B2 and B3, the program directs the calculations to 

different loops, depending on which stress regime is encountered at the time. 

First, for each data point the temperature dependent yield stress is computed 

as for Bl. It is SIGYDN. Then "elastic" stresses (ERSTR and ECSTR) are cal­

culated from:

From these, an elastic effective stress [EFFSTR(ICS, NCHOUT)] is calculated

from:

°E = V  + °R



This is compared with the yield stress. If the effective stress is less than 
the yield stress and yielding has not occurred in the run, then:

oR [SIGR (ICX, NCHOUT)] = crR
cT [SIGT (ICS, NCHOUT)] =

and the plastic strains [PLSTNT (ICS, NCHOUT) and PLSTNR (ICX, NCHOUT)] are 

both zero.

If it is in the elastic regime but yielding has previously occurred, the plas­

tic strains will have been carried along from the last time in the plastic 
regime. From them, elastic strains are determined from:

e® = s® - e£L SNTE = ACSTRC (I, J) - PLSTNT (I, J)

e® = el - e£L SNRE = ACSTRR (I, J) - PLSTNR (I, J)K K K

then stresses are determined as on previous page.

At the first data time when yielding has occurred, "prime" values of CT̂,' , ' ,

s', and e ' are determined as with B1 by interpolating the yield stress and 

effective stress curves. The coefficients Ki, K2 , Cj, and C2 are calculated 

and equations (1.) and (2.) are solved simultaneously, first for aR . Since a 
fourth order equation is formed in the process, there will be four potential 
roots. The real root which is closest to the last calculated value of aR is 
selected and then a corresponding value of is found.* The plastic strains 

are then determined by:

*For large changes in strain, the procedure fails.



P TeT = eT - (ctt - yaR) 
. E

£R £R ‘ (ffR ' 
E

For subsequent points within the plastic regime the "prime" values are taken 
as the values at the last data time and the equations (1) and (2) are solved 
simultaneously for a^.and aR as before.

Finally, for all situations a new effective stress, STREF (I, J) is calculated 

from:

C T -EFF + CT,R CTTCTR

Where applicable, an effective plastic strain, EFPLSN (I, J) is calculated 

from:

, PL 
"EFF = J J To PL PL 

T “ eR
PL . PL PL PL)2 + (2eR + eT )2 + (-2st - eD )R

All values are then written to RESULT5.DAT which, when printed, presents the
data in tabular form.



APPENDIX 11.3

SPECIAL NON-LINEAR CREEP/KINEMATIC STRAIN HARDENING MODEL 
FOR VARIABLE TEMPERATURE AND TOTAL STRAIN INPUT



The objective of this analysis is creation of a closed form solution for a 
uniaxial rheological material model subjected to an enforced total strain and 
temperature history. The model should include cyclic plasticity and non­
linear creep characteristics that allow a reasonable simulation of steel 
response to thermomechanical cycles and will serve as an "exact" benchmark for 
independent finite element solutions which exercises the capability of the 

computer program's material "menu." The following analysis follows much of 

the thermomechanical analysis formulation of Sehitoglu (1982).

The expression for total strain rate enforced on the element is:

£ = 4> +  +  %  +  %  (1)

where the elastic strain rate in general is:

d £  -j-

dT

for simplicity the elastic modulus, E, is taken to be independent of tempera­
ture, T. The thermal strain rate is simply:

e  =  c x t
t

since the coefficient of thermal expression, Of, is also assumed to be indepen­
dent of T.



The plastic strain rate is based on the kinematic hardening rule

J _  ( c r - a ~ c)  A < v  . -j"3
£ f  d r

where is the plastic modulus, CTq is the yield stress, and a is the "back- 
stress" or current center of the elastic range.

The creep rate is taken as proportional to the square of the stress:

Equation (1) may now be rewritten in terms of stress as:

<T = %  C C /e P  * T  <2)
■ i - c ( e - o C T ) J

The first order differential equation may be integrated in closed form for 
certain selection of property dependence on T and loading conditions.

The plastic and creep property dependence on T is:

E = F/T where F is constant P
CTq = Y - BT where Y and B are constants.

Therefore,



The creep coefficient is

C = D/T where D is constant

The time region loading conditions selected are listed on the Table. With 
these particular temperature dependent properties and thermomechanical loading 

cycles, integration separated for stress may be completed in terms of func­

tions. For example in time region after yield occurs Equation (2) may be 

rewritten as:

(3)

The integral solution of Equation (3) then has the following form:

/
The solution over all time regions will be made up of the several "regional" 

solutions within which the integrand function g (a) differs somewhat and the 

integral limits are determined by changes from viscoelastic behavior to visco­
plastic behavior (or vice versa) brought about by changes in direction of

loading or yielding

Such a solution has been illustrated for a particular numerical example using 
a personal computer and popular spreadsheet analysis software.



The thermomechanical properties were selected to approximate elevated temper­
ature properties for Class U steel, within the limitations of the relatively 
simple forms of temperature and stress dependence. These are

y  = 5 o o  M P a . 0 < _'3 */cT 6 ° K l

0 -  0-1ZS MP<x̂ k

E p  = /•*? * l 7  M P c l - \

D  -  (o x io n  MPa.2" . ° K  - S e c .

£  = l o g f b 'lo  MPa.

The enforced strain and temperature loading history or cyclic parameters are

k r  x io '? S x ~ ' .  ° K ' !

M = 5 0 0 ° K

N  -  5 o o  S e c  

T 0 -  3 o o ° K

These example properties and loading conditions are illustrated in Figures

11.3.1 through 11.3.6. i ■

The solution for stress history is presented graphically in Figure 11.3.7. 
The associated stress - total strain loops are illustrated in Figure 11.3.8 in 
terms of MPa units and in Figure 11.3.9 in terms of KSI stress units.



(M
?

g
a

 
P

o
o

o
a

la
)

Y I E L D  S T R E N G T H  V S .  T E M P E R A T U R E
4 2 0  

410 
4 0 0  

390 
3 a 0  

3 7 0  

3 6 0  

3 6 0  

3 4 0  

3 3 0  

i  3 2 0M
3 1 0

3 0 0  

2 9 0  

2 6 0  

2 7 0
3 0 0 . 0 0  S O O .O O  7 0 0 . C O

T e m p e r a t u r e  ( d o g .  K e lv in )

(S O O  -  0 . 2 B S  • I )

V

.

\
-V

\
\

X

\

X

\

X
\

. N

FIGURE 11.3.1. ASSUMED YIELD STRENGTH VS TEMPERATURE 
FOR NON-LINEAR MODEL.
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FIGURE 11.3.5. ENFORCED TEMPERATURE CYCLES 
FOR NON-LINEAR MODEL.
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FIGURE 11.3.7. CALCULATED STRESS CYCLES FOR NON-LINEAR MODEL.
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