
I

R E P O R T  N O .  U M T A - I N -06-0009-83-3

CO LD  W E A T H E R  TR A N S IT  TE C H N O L O G Y  PR O G R A M

V O L U M E  3 -  IN V E S T IG A TIO N  O F TH E  H IG H
IN C ID E N C E  OF RAIL PULL A PARTS  
ON C O N TIN U O U S  W E LD E D  RAIL

V o u g h t C o rp o ra tio n  
P ost O ff ic e  Box 225907 

D a llas, Texas 75265

May 1983

F IN A L REPORT

D o c u m e n t  is available to the public through the 
National Technical Information Service, 

Springfield, Virginia 22161

Prepared for
University of Notre D a m e  
College of Engineering 

Notre D a m e ,  Indiana 4 6 5 5 6

a n d

U.S. D e p a r t m e n t  of Transportation 
U r b a n  M a s s  Transportation Administration 

400 Seve n t h  Street S W  
W a s h i n g t o n ,  D.C. 2 0 5 9 0

i



REPORT NO. UMTA-1N-06-0009-83-3

C O LD  W E A TH E R  T R A N S IT  T E C H N O L O G Y  PR O G R A M

V O L U M E  3 -  IN V E S T IG A TIO N  O F  T H E  H IG H
IN C ID E N C E  O F RAIL PULL A PA R TS  
ON C O N T IN U O U S  W E LD E D  RAIL

Vought Corporation 
Post Office Box 225907 
Dallas, Texas 75265

M ay 1983

F IN A L  REPORT

Document is available to the public through the 
National Technical Information Service, 

Springfield, Virginia 22161

Prepared for
University of Notre Dame 

College of Engineering 
Notre Dame, Indiana 46556

and

U.S. Department of Transportation 
Urban Mass Transportation Administration 

400 Seventh Street SW 
Washington, D.C. 20590



NOTICE

This document is  d issem inated under the sponsorship 
of the Department o f T ra n s p o rta tio n  in  the in te re s t  
of in fo rm ation  exchange. The U nited  States Govern
ment assumes no l i a b i l i t y  fo r  i t s  contents or use 
th e re o f.

NOTICE

The United States Government does not endorse pro
ducts or m anufacturers. Trade o r m anufacturers' 
names appear here in  s o le ly  because they are con
sidered es se n tia l to  the o b je c t o f th is  re p o rt.



Technical Report Documentation Page

1# Report No.

UMTA-IN-06-0009-83-3
2. Government Accession No. 3. Recipient's CetoJoQ No.

4. T i t le  ond Subtitle

Cold Weather Transit Technology Program - 
Investigation of the High Incidence of Rail Pull 
Aparts on Continuous Welded Rail

5. Report Dote

May 1983
6. Performing Orgonisotion Code

UMTA
8. Performing Orgonisotion Report No.

7. Author's)

Y. J. Elizondo and R. E. Duvall
9. Performing Orgonisotion Nome ond Address

Vought Corporation 
P. 0. Box 225907 
Dallas, TX 75265

10. Work Unit No. ( T R A IS )

11. Coptrocf or Grant No.

IN-06-0009

12. Sponsoring Agency Nome ond Address

U.S. Department of Transportation 
Urban Mass Transportation Administration 
400 Seventh Street, S.W.
Washington, D. C. 20590

13. Ty p e  of Report ond Period Covered

Final Report 
Volume 3

14. Sponsoring Agency Code

15. Supplemenfory Notes

16. Abstract

This report presents the results of an investigation of the high incidence 
of rail pull aparts occuring on the Massachusetts Bay Transit Authority's rapid 
transit system during the winter of 1981-82. This investigation was accomplished 
as part of the Cold Weather Transit Technology (CWTT) Program under a Federal 
grant from the Urban Mass Transportation Administration to the University of Notre 
Dame. The CWTT Program is a project to improve transit operations in severe ice, 
snow and cold environments. The rail pull apart investigation was made to 
determine the probable cause for the increased failure rate and to recommend 
corrective actions to prevent or reduce recurrence of this problem. The investiga
tion involved site, literature and industry surveys, laboratory analyses of the 
failures and a test and analyses program to define the process and/or operational 
methodology to reduce the failure rate.

17. K « y  Words

Rail pull apart, thermite welds, ultra
sonic inspection, metallurgical 
analyses

18. Distribution Stotemont

Available to the Public through the 
National Technical Information Service, 
Springfield, Virginia 22161.

19. Security Classif. (of this report)

Unclassified
20. Security Classif. (of this pogo)

Unclas s i f i e d

21* No. of Pogos 22. Prico

Form DOT F 1700.7 (8-72) Reproduction of completed pogo authorized



PREFACE

This rep o rt is  one of a series  of reports associated w ith  the U. S. 

Department o f Transportation Urban Mass Transportation Acknini s t r a t i  on1 s Cold 

Weather T ra n s it Technology Program.

The o b jec tive  o f the program is  to develop new and more e ffe c t iv e  

so lu tions fo r  cold weather problems experienced by urban mass tran sp o rta tio n  

systems.

This rep o rt presents the find ings made as a re s u lt  of the in v e s tig a tio n  

of MBTA's (Massachusetts Bay T ra n s it A u th o rity 's ) high incidence of running 

r a i l  pu ll aparts experienced during the w in ter of 1981-1982.

Appreciation is  hereby expressed to TSC (T ransportation  Systems Center, 

Cambridge, MA) fo r  th e ir  invaluab le support in  coord inating th is  in v e s tig a tio n  

w ith  MBTA; to  MBTA fo r  th e ir  cooperation in the provis ion  of r a i l  pu ll apart 

samples, fa i lu re  hi story and operational data; to C a lo r ite  and U. S. Thermit 

Companies fo r  supplying personnel and m ate ria ls  fo r  te s tin g ; and to a l l  the 

t r a n s it  and ra ilro a d  p roperties  th a t p a rtic ip a te d  in  the in v e s tig a tiv e  survey 

of the r a i l  pu ll ap art problem.
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COLD WEATHER TRANSIT TECHNOLOGY PROGRAM

HISTORY AND DESCRIPTION

The expansion o f and the need fo r  urban mass tran sp o rta tio n  systems 

caused by the cum ulative pressures of urban congestion, auto p o llu tio n  and 

energy shortages coupled w ith  annual w in ter weather occurrences emphasized by 

the prolonged heavy snow and cold periods of 1977-78 and 1978-79 have high

lig h te d  the operational problems o f t ra n s it  systems in cold weather.

To answer th is  need, the United States Congress authorized the in i t ia t io n  

of the Cold Weather T ra n s it Technology (CWTT) Program to develop new and 

e ffe c t iv e  methods fo r  assuring the dependable operation o f t ra n s it  systems in  

severe co ld , ice and snow. A separate complimenting study was also authorized  

to in v e s tig a te  the need fo r  a National Cold Weather T ran s it Technology Research 

Center.

The CWTT Program is  being implemented by the U. S. Department of Trans

p o rta tio n  Urban Mass Transportation Adm inistration (UMTA) through a grant to  

the U n ivers ity  o f Notre Dame with the Vought Corporation as the p rin c ip a l con

t ra c to r .  The program th ru s t was i n i t i a l l y  d irec ted  to so lu tions fo r  Automated 

Guideway T ra n s it (AGT) system cold weather problems in support of the Downtown 

People Mover (DPM) Program. However, cu rta ilm en t of the DPM program in  Novem

ber 1981 caused DOT/UMTA to re d ire c t the focus of the program to obtain  

solutions fo r  co ld  weather problems of e x is tin g  t ra n s it  systems. This re d ire c 

tio n  was implemented under the program extension.



T h e  r e s u l t s  o f  t h e  w o r k  a c c o m p l i s h e d  by  N o t r e  Dame a n d  V o u g h t  d u r i n g  t h e  

i n i t i a l  CWTT g r a n t  a r e  d i s c u s s e d  i n  d e t a i l  i n  a  s e r i e s  o f  UMTA r e p o r t s .  T h e  

n i n e  v o lu m e s  w h i c h  c o m p r i s e  t h i s  s e r i e s  o f  r e p o r t s  a r e  a s  f o l l o w s .
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E x e c u t i v e  Sum m ary
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- 6 P l a n n i n g  f o r  a  N a t i o n a l  CWTT R e s e a r c h  C e n t e r
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C o m b a t t i n g  I c e  a n d  Snow P r o b l e m s

U M T A - I N - 0 6 - 0 0 0 9 - 8 2 - 9 D e v e l o p m e n t  o f  V e h i c l e  C o u n t e r m e a s u r e s  f o r  
C o m b a t t i n g  I c e  a n d  Snow P r o b l e m s .

T h e  d i r e c t e d  o b j e c t i v e  o f  t h e  e x t e n d e d  CWTT P r o g r a m  i s  t o  p r o v i d e  n e a r  

t e r m  s o l u t i o n s  f o r  p r o b le m s  o f  e x i s t i n g  t r a n s i t  s y s t e m s  o p e r a t i n g  i n  c o l d  

w e a t h e r .  T h e  t a s k s  b e i n g  i m p l e m e n t e d  t o  a c c o m p l i s h  t h i s  o b j e c t i v e  r e s u l t e d  

f r o m  a s u r v e y  o f  t h e  t r a n s i t  p r o p e r t i e s  t o  d e t e r m i n e  t h e  n a t u r e  a n d  e x t e n t  o f  

t h e i r  p r o b l e m s .  T h e  i d e n t i f i e d  t a s k s  h a v e  b e e n  s t r u c t u r e d  i n t o  b a s i c  r e s e a r c h  

a n d  e n g i n e e r i n g  a p p l i c a t i o n  c a t e g o r i e s .
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T h e  b a s i c  r e s e a r c h  t a s k s  a r e  b e i n g  a d d r e s s e d  by  N o t r e  Dame a n d  a r e  a s  

f o l 1ow s:

( 1 )  D e v e l o p m e n t  o f  an  i c e o p h o b i c  t h i r d  r a i l .

( 2 )  D e v e l o p m e n t  o f  a n  i c e  a n d  snow f o r m a t i o n  p r e c u r s o r  s e n s o r  s y s t e m .

( 3 )  I m p r o v e m e n t  o f  t h e  RF i n d u c t i v e  h e a t i n g  c o n c e p t  t h r o u g h  s y s t e m  

r e d e s i g n  t o  r e d u c e  s i z e  a n d  i n c r e a s e  e f f i c i e n c y .

( 4 )  C o n t i n u e d  i n v e s t i g a t i o n  o f  i c e / s u b s t r a t e  p h y s i c s .

V o u g h t  i s  r e s p o n s i b l e  t o  N o t r e  Dame f o r  t h e  d e v e l o p m e n t  o f  t h e  e n g i n e e r i n g  

a p p l i c a t i o n s  a n d  t h e i r  p e r f o r m a n c e .  T h e s e  t a s k s  a r e  a s  f o l l o w s :

( 1 )  E v a l u a t i o n  o f  a  p n e u m a t i c  b u s  w h e e l  h o u s i n g  d e i c e r  s y s t e m .

( 2 )  D e s i g n  a n d  e v a l u a t i o n  o f  a  r a i l  t r a n s i t  v e h i c l e  t r a c t i o n  m o t o r  
w i n t e r i z a t i o n  s y s t e m .

( 3 )  D e s i g n  a n d  e v a l u a t i o n  o f  i m p r o v e d  t h i r d  r a i l  a e i c i n g  s y s t e m s .

( 4 )  E v a l u a t i o n  o f  t r a c k  s w i t c h  d e i c i n g  s y s t e m s .

( 5 )  I n v e s t i g a t i o n  o f  t h e  r a i l  h e a t e r  r e l i a b i l i t y  p r o b l e m s .

( 6 )  I n v e s t i g a t i o n  o f  a  r a i l  p u l l  a p a r t  p r o b l e m .

T h e  r e s u l t s  o f  t h e s e  e f f o r t s  w i l l  be  p u b l i s h e d  i n  a  s e r i e s  o f  r e p o r t s  

t h r o u g h  UMTA. T h e  a n t i c i p a t e d  t o t a l  l i s t  o f  r e p o r t s  i s  g i v e n  b e l o w .

v



LIST OF REPORTS

REPORT NUMBER T I T L E

U M T A - I N - 0 6 - 0 0 0 9 - 8 3 - 1  E x e c u t i v e  Sum m ary

- 2  T r a n s i t  S y s t e m  S u r v e y

- 3  I n v e s t i g a t i o n  o f  t h e  H i g h  I n c i d e n c e  o f  R a i l
P u l l  A p a r t s  on C o n t i n u o u s  W e ld e d  R a i l

- A  I n v e s t i g a t i o n  o f  R a i l  H e a t e r  R e l i a b i l i t y

- 5  T h i r d  R a i l  D e i c i n g  S y s t e m  R e s e a r c h

- 6  W i n t e r i z a t i o n  o f  S e l f - V e n t i l a t e d  T r a c t i o n
M o t o r s  on R a i l  T r a n s i t  V e h i c l e s

- 7  T r a c k  S w i t c h  D e i c i n g  S y s t e m  R e s e a r c h

- 8  Bus W h ee l H o u s in g  D e i c i n g  P r o j e c t ,

- y  I c e  F o r m a t i o n  P r e c u r s o r  R e s e a r c h

- 1 0  C o m p o s i t e  R a i l  a n d  A s s o c i a t e d  S u r f a c e
P h e n o m en o n

-1 1  P r e d i c t i o n  o f  I c e  F o r m a t i o n

- 1 2  S t u d y  o f  L a s e r  D e i c i n g

- 1 3  M i c r o w a v e  C o u p l i n g  t o  I c e / M e t a l  S t r u c t u r e s

- 1 4  RF C o u p l i n g  t o  C o m p le x  G e o m e t r i c  S h a p e s

- l b  M o d e l i n g  a n d  A n a l y s e s  o f  T h e r m a l  C o n d u c t i o n  i n
S e v e r a l  I c e  M e l t i n g  P r o b l e m s

- l b  M o d e l i n g  o f  I c e  F r a c t u r e

U M T A - I N - 0 6 - 0 0 0 9 - 8 3 - 1 7 ( R e s e r v e d )

vi



TABLE OF CONTENTS

PAGE NO.

1 . 0  I n t r o d u c t i o n  1

2 . 0 S i t e , L i t e r a t u r e  a n d  I n d u s t r y  S u r v e y s 2

2 . 1 S i t e  S u r v e y 2

2 . 2 L i t e r a t u r e  S u r v e y 7

2 . 3 I n d u s t r y  S u r v e y 1 2

3 . 0 L a b o r a t o r y  I n v e s t i g a t i o n  o f  MBTA R a i l  P u l l  A p a r t  F a i l u r e s 1 4

3 . 1 O b j e c t i v e s 1 4

3 . 2 P r o c e d u r e 1 4

3 . 3 R e s u l t s 1 4

3 . 4 F i n d i n g s 2 4

4 . 0 M e t a l l u r g i c a l  E v a l u a t i o n  o f  T e s t  W e ld s  M ade  U n d e r  S i m u l a t e d  

C o n t r o l l e d  C o n d i t i o n s 25

4 . 1 O b j e c t i v e s 2 5

4 . 2 P r o c e d u r e s 25

4 . 3 R e s u l t s 3 2

4 . 3 . 1  B en d  T e s t s 3 2

4 . 3 . 2  T e s t  W e ld  S e r i e s 3 7

4 . 4 F i n d i n g s 5 0

4 . 4 . 1  C a l o r i t e  W e ld e d  J o i n t s 5 0

4 . 4 . 2  U .  S .  T h e r m i t  W e ld e d  J o i n t s 51

4 . 4 . 3  U l t r a s o n i c  I n s p e c t i o n 51

5 . 0 C o n c l u s i o n s  a n d  R e c o m m e n d a t io n s 52

5 . 1 C o n c l u s i o n s 5 2

5 . 2 R e c o m m e n d a t io n s 5 3

v n



TABLE OF CONTENTS (CONTINUED)

PAGE NO.

REFERENCES 5 4  

A P P E N D IX  A A 

A P P E N D IX  B B 

A P P E N D IX  C C

v i i i



1 6

16

17

17

1 8

1 8

1 9

1 9

21

21

2 2

22

2 3

26

27

28

2 9

33

3 3

34

LIST OF FIGURES

S i d e  V i e w  o f  C r a c k  i n  F a i l u r e  S p e c im e n  #1

F a i l u r e  S p e c im e n  #1 O p e n e d  t o  Show F r a c t u r e  S u r f a c e

F r a c t u r e  S u r f a c e  o f  #1 S h o w in g  L a c k  o f  F u s i o n

S e c t i o n  f r o m  T o p  o f  #1 S h o w in g  F u s i o n

S e c t i o n  f r o m  B o t t o m  o f  #1 S h o w in g  L a c k  o f  F u s i o n

S i d e  V i e w  o f  S p e c im e n  # 3  S h o w in g  C r a c k  -  W e l d / R a i l  
I n t e r f a c e

F r a c t u r e  o f  S p e c im e n  # 3 ,  L a c k  o f  F u s i o n  T h r o u g h o u t  
W e ld

S e c t i o n  F ro m  S p e c im e n  # 3  S h o w in g  A lm o s t  No M e l t i n g  
o f  t h e  R a i l

P h o t o m i c r o g r a p h  S h o w in g  L a c k  o f  F u s i o n  A lo n g  R a i l  -  

W e ld  I n t e r f a c e

F a i l u r e  S p e c im e n  # 6  S h o w in g  T y p i c a l  Bus Bond T y p e  

F a i l u r e

C r o s s  S e c t i o n  o f  B us Bond S h o w in g  P e n e t r a t i o n  o f  

C o p p e r  i n t o  t h e  R a i l

P h o t o m i c r o g r a p h  S h o w in g  H a r d  ( R c 5 7 )  U n t e m p e r e d  

M a r t e n s i t e  L a y e r  W h ic h  F o rm e d  B e tw e e n  t h e  C o p p e r  
B us a n d  t h e  R a i l

H ig h  M a g n i f i c a t i o n  V i e w  o f  L a y e r  i n  F i g u r e  3 . 3 - 1 2  

S l o w  B end  T e s t  S e t - u p

T y p i c a l  W e l d i n g  O p e r a t i o n  -  A m b ie n t  T e m p e r a t u r e  

T y p i c a l  W e l d i n g  O p e r a t i o n  -  C o n t r o l l e d  T e m p e r a t u r e  

T h e r m o c o u p l e  L o c a t i o n s

C a l o r i t e  W e ld  S p e c im e n  # C -1  -  A f t e r  B end T e s t  

U .  S .  T h e r m i t  W e ld  S p e c im e n  # T - 1  -  A f t e r  B end T e s t  

L o a d  D e f l e c t i o n  C u r v e s  -  S lo w  Bend T e s t s

ix



4 . 3 . 1 -  4  U l t r a s o n i c  I n s p e c t i o n  R e p o r t  -  S p e c im e n  C - l  3 5

4 . 3 . 1 -  5  U l t r a s o n i c  I n s p e c t i o n  R e p o r t  -  S p e c im e n  T - l  36

4 . 3 . 2 -  1 T y p i c a l  C a l o r i t e  T e s t  W e ld  "A s  W e ld e d "  4 0

4 . 3 . 2 -  2 C o m p l e t e  F u s i o n  -  S p e c im e n  # C - 1 2 a t  1 5 0 0 ° F  P r e h e a t  4 0

4 . 3 . 2 -  3  I n c o m p l e t e  F u s i o n  -  S p e c im e n  # C - 5  a t  1 3 0 0 ° F  P r e h e a t  4 l

4 . 3 . 2 -  4  A l m o s t  n o  F u s i o n  -  S p e c im e n  # C - 3  a t  9 0 0 ° F  P r e h e a t  41

4 . 3 . 2 -  5 U n e v e n  F u s i o n  -  S p e c im e n  # C - 1 3  U n e v e n  P r e h e a t i n g
( 1 0 0 0 ° F  N o m in a l  P r e h e a t )  4 2

4 . 3 . 2 -  6  W e ld  I n t e r f a c e  -  C o m p l e t e  F u s i o n  -  S p e c im e n  # C - 4
( 1 9 0 0 ° F  P r e h e a t )  4 2

4 . 3 . 2 -  7 L a c k  o f  F u s i o n  a n d  G as  P o r o s i t y  ^  S p e c im e n  # C - 3
( 9 0 0 ° F  P r e h e a t )  4 4

4 . 3 . 2 -  8  L a r g e  I n c l u s i o n  a n d  Gas V o i d  -  S p e c im e n  # C - 1 2
( 1 5 0 0 ° F  P r e h e a t )  4 4

4 . 3 . 2 -  9  C r a c k i n g  R e s u l t i n g  f r o m  E x c e s s i v e  W e ld  H a r d e n i n g
( Rc 5 2 - 5 3 )  -  S p e c im e n  # C - 1 1  ( 1 1 0 0 ° F  P r e h e a t )  4 5

4 . 3 . 2 -  1 0  P h o t o m i c r o g r a p h  -  S p e c im e n  # C - 1  S h o w in g  H a r d  (R p
5 1 )  W e ld  C o n t a i n i n g  M a r t e n s i t e  a r id  U p p e r  B a i n i t e  4 5

4 . 3 . 2 -  11 P h o t o m i c r o g r a p h  -  S p e c im e n  # C - 6  S h o w in g  a  H a r d  ( R c
4 3 )  W e ld  C o n t a i n i n g  M a r t e n s i t e  a n d  B a i n i t e  4 6

4 - 3 - 2 - 1 2  P h o t o m i c r o g r a p h  -  S p e c im e n  # C - 7  S h o w in g  N o rm a l
H a r d n e s s  ( R c 3 2 - 3 6 )  W e ld  C o n t a i n i n g  F i n e  P e a r l i t e  
a n d  W i d m a n s t a t t e n  S t r u c t u r e  w i t h  A p p r o x i m a t e l y  5%
M a r t e n s i t e  4 6

4 . 3 . 2 -  1 3  S e c t i o n  f r o m  W e ld  # T - 1  S h o w in g  C o m p l e t e  F u s i o n  -
T y p i c a l  o f  U .  S .  T h e r m i t  W e ld s  4 7

4 . 3 . 2 -  1 4  P h o t o m i c r o g r a p h  -  S p e c im e n  T - 3  S h o w in g  S o f t  ( R c
2 8 )  W e ld  C o n t a i n i n g  F i n e  P e a r l i t e  4 7

LIST OF FIGURES (CONTINUED)

PAGE NO.

x



LIST OF TABLES

2 . 1 -  1 S um m ary  o f  MBTA R a i l  P u l l  A p a r t  F a i l u r e s  R e p o r t e d
B e t w e e n  S e p t e m b e r  1 9 8 1  a n d  May 1 9 8 2  4

2 . 1 -  2  Sum m ary  o f  MBTA L o a d / F r e q u e n c y  D a t a  B e t w e e n
S e p t e m b e r  1 9 8 1  a n d  May 1 9 8 2  5

2 . 1 -  3  S e r v i c e  T im e  P r i o r  t o  F a i l u r e  6

2 . 2 -  1 T e n s i l e  P r o p e r t i e s  -  Two T y p e s  o f  T h e r m i t e  W e ld s  i n
Two D i f f e r e n t  R a i l  M a t e r i a l s  1 0

2 . 2 -  2  C h e m i c a l  C o m p o s i t i o n  -  Two T y p e s  o f  T h e r m i t e  W e ld s
a n d  t h e  Two R a i l  M a t e r i a l s  11

2 . 3 -  1 S um m ary  o f  I n d u s t r y  S u r v e y  R e s u l t s  1 3

3 . 3 -  1 Sunsnary -  R e s u l t s  o f  V i s u a l  E x a m i n a t i o n  o f  F a i l e d
S a m p le s  15

4 . 3 . 2 -  1 T i m e - T e m p e r a t u r e  D a t a  Sum m ary 3 8

4 . 3 . 2 -  2  S um m ary  -  N o n - D e s t r u c t i v e  I n s p e c t i o n  a n d
M e t a l l u r g i c a l  T e s t  R e s u l t s  3 9

4 . 3 . 2 -  3  C h e m i c a l  A n a l y s i s  R e s u l t s  49

PAGE NO.

xi



COLD WEATHER T R A N S IT  TECHNOLOGY: PROGRAM 

IN V E S T IG A T IO N  OF THE HIGH IN C ID E N C E  OF R A IL  PULL APARTS  

ON CONTINUOUS WELDED R A IL

1 . 0  IN TR O D U C TIO N

T h e  V o u g h t  C o r p o r a t i o n  u n d e r t o o k  as  p a r t  o f  t h e  C o l d  W e a t h e r  T r a n s i t  

T e c h n o l o g y  P r o g r a m  t h e  t a s k  o f  c o n d u c t i n g  an e n g i n e e r i n g  i n v e s t i g a t i o n  i n t o  

t h e  i n c r e a s e d  r a t e  o f  r a i l  p u l l  a p a r t  f a i l u r e s  on c o n t i n u o u s  w e l d e d  r a i l  

e x p e r i e n c e d  b y  t h e  M a s s a c h u s e t t s  B a y  T r a n s p o r t a t i o n  A u t h o r i t y  (M B T A ) d u r i n g  

t h e  p e r i o d  f r o m  S e p t e m b e r  1981  t o  M ay 1 9 8 2 .  T h e  o b j e c t i v e s  o f  t h e  

i n v e s t i g a t i o n  w e r e  t o  d e t e r m i n e  t h e  p r o b a b l e  c a u s e  f o r  t h e  i n c r e a s e d  f a i l u r e  

r a t e  a n d  t o  re c o m m e n d  c o r r e c t i v e  a c t i o n s  t o  p r e v e n t  r e c u r r e n c e .

T h e  i n v e s t i g a t i o n  was c o n d u c t e d  i n  t h r e e  p h a s e s .  T h e  f i r s t  p h a s e  

i n c l u d e d  s i t e ,  l i t e r a t u r e  a n d  i n d u s t r y  s u r v e y s  t o  c o l l e c t  p e r t i n e n t  d a t a .  T h e  

s e c o n d  p h a s e  c o n s i s t e d  o f  a  l a b o r a t o r y  e v a l u a t i o n  o f  r e p r e s e n t a t i v e  f a i l u r e  

s a m p le s  t o  d e t e r m i n e  t h e  p r o b a b l e  c a u s e  o f  f a i l u r e .  I n  t h e  t h i r d  p h a s e ,  a 

s e r i e s  o f  t e s t  w e l d s  w e r e  m a d e . T h e  r e s u l t s  w e r e  e v a l u a t e d  t o  c o n f i r m  t h e  

c o n c l u s i o n s  r e a c h e d  d u r i n g  t h e  s e c o n d  p h a s e  a n d  t o  d e f i n e  p r o c e s s  a n d / o r  

o p e r a t i o n a l  l i m i t s  r e q u i r e d  f o r  c o r r e c t i v e  a c t i o n s .
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2 . 0  S I T E ,  L IT E R A T U R E  AND IN D U S T R Y  SURVEYS

T h i s  s e c t i o n  o f  t h e  r e p o r t  d i s c u s s e s  t h e  v a r i o u s  d a t a  g a t h e r i n g  s u r v e y s  

p e r f o r m e d  a s  p a r t  o f  t h e  i n v e s t i g a t i o n .

2 . 1  S i t e  S u r v e y

I n i t i a l  v i s i t s  W e re  m ade t o  t h e  MBTA t o  c o l l e c t  d a t a  a n d  t o  o b s e r v e  

t h e i r  s h o p  a n d  f i e l d  w e l d i n g  p r a c t i c e s  d u r i n g  n o r m a l  o p e r a t i n g  c o n d i t i o n s .

T h e  d a t a  c o l l e c t e d  i s  p r e s e n t e d  i n  A p p e n d i x  A ,  a n d  t h e  r e s u l t s  o f  t h e  o b s e r v e d  

W e l d i n g  o p e r a t i o n s  a r e  d i s c u s s e d  i n  s u b s e q u e n t  p a r a g r a p h s .

T a b l e  2 . 1 - 1  s u m M r i z e s  t h e  d a t a  r e l a t i v e  t o  f r a c t u r e  l o c a t i o n .  S i n c e  

t h e  r e q u i r e m e n t  f o r  d e t a i l e d  r e p o r t i n g  w as  n o t  i n i t i a t e d  u n t i l  t h e  i n c r e a s e d  

f a i l u r e  r a t e  h a d  b ecom e e v i d e n t ,  t h e  e x a c t  f r a c t u r e  l o c a t i o n  f o r  e a r l y  f a i l u r e s  

w a s  n o t  know n e x c e p t  w h e r e  t h e  f a i l e d  r a i l  s a m p le s  w e r e  s t i l l  a v a i l a b l e .  

D i s c u s s i o n s  w i t h  c o g n i z a n t  m a i n t e n a n c e  a n d  e n g i n e e r i n g  p e r s o n n e l  i n d i c a t e d  t h a t  

t h e  d i s t r i b u t i o n  o f  f r a c t u r e  l o c a t i o n  f o r  t h e  u n kn o w n  c a s e s  w o u l d  b e  s i m i i a r  t o  

t h e  d i s t r i b u t i o n  f o r  t h e  kno w n  c a s e s .  F o r  t h e  p u r p o s e  o f  s t u d y ,  t h i s  w as  

a s s u m e d  t o  b e  t h e  c a s e .  S i n c e  c o n t i n u o u s l y  w e l d e d  r a i l  w as  b e i n g  e m p lo y e d  o n l y  

on t h e  s y s t e m  l i n e s  t h a t  u s e  1 1 5  p o u n d / y a r d  c h ro m e  r a i l ,  t h e  f a c t  t h a t  a l l  b u t  

o n e  O f  t h e  w e l d  r e l a t e d  f a i l u r e s  o c c u r r e d  o n  t h i s  t y p e  o f  r a i l  i s  u n d e r s t a n d 

a b l e .  T h e  s i g n i f i c a n t  f a c t o r  t o  n o t e  i s  t h a t  d u r i n g  t h i s  r e p o r t i n g  p e r i o d ,  

m o re  w e l d  r e l a t e d  f a i l u r e s  ( 2 6 )  o c c u r r e d  t h a n  f o r  a l l  o t h e r  f a c t o r s  c o m b in e d  

( 1 7 ) .

T a b l e  2 . 1 - 2  s u m m a r iz e s  t h e  d a t a  r e l a t i v e  t o  l o a d  m a g n i t u d e  a n d  f r e q u e n c y .  

S e v e r a l  s i m p l i f y i n g  a s s u m p t i o n s  w e r e  made i n  o r d e r  t o  p r e p a r e  t h i s  t a b l e  -  

f i r s t ,  t h a t  t h e  t r a i n s  a l w a y s  o p e r a t e d  on  s c h e d u l e  a n d  w i t h  t h e  s c h e d u l e d
'il

n u m b e r  o f  c a r s ;  s e c o n d j  t h a t  t h e  w e i g h t  o f  t h e  c a r s  w as  a l w a y s  e q u a l  t o  t h e  

a v e r a g e  o f  t h e  maxim um w e i g h t  o f  a  f u l l y  l d a d e d  c a r  a n d  t h e  w e i g h t  o f  t h e  

e m p t y  c a r ;  a n d  t h i r d ,  t h a t  t h e  l o a d  w a s  e q u a l l y  d i s t r i b u t e d  t o  e a c h  a x l e .  

B a s e d  on t h e s e  a s s u m p t i o n s ,  a  q u a l i t a t i v e  c o m p a r i s o n  c a n  b e  m ad e  e v e n  t h o u g h

2



t h e  q u a n t i t a t i v e  v a l u e s  t h e m s e l v e s  a r e  n o t  e x a c t .  E v a l u a t i o n  o f  t h e s e  d a t a  

d i d  n o t  r e v e a l  a n y  o b v i o u s  c o r r e l a t i o n  b e t w e e n  t h e  f a i l u r e s  a n d  l o a d  f r e q u e n c y  

o r  m a g n i t u d e .

T a b l e  2 . 1 - 3  s u m m a r i z e s  t h e  d a t a  r e l a t i v e  t o  t h e  t i m e  i n  s e r v i c e  p r i o r  t o  

f a i l u r e .  T h e s e  d a t a  sho w  t h a t  a l m o s t  w i t h o u t  e x c e p t i o n ,  t h e  w e l d  r e l a t e d  

f a i l u r e s  w e r e  o c c u r r i n g  i n  t h e  f i r s t  y e a r  o f  s e r i v c e  w h e r e a s  t h e  n o n - w e l d  

r e l a t e d  f a i l u r e s  w e r e  n o t  o c c u r r i n g  u n t i l  a f t e r  f i v e  o r  m o r e  y e a r s  o f  s e r v i c e .  

From  t h e s e  d a t a ,  i t  i s  r e a d i l y  a p p a r e n t  t h a t  t h e  i n c r e a s e d  r a t e  m u s t  be  

r e l a t e d  i n  som e m a n n e r  w i t h  t h e  w e l d  q u a l i t y  o r  w e l d i n g  p r o c e s s  u s e d .

D i s c u s s i o n s  w i t h  t h e  c o g n i z a n t  m a i n t e n a n c e  a n d  e n g i n e e r i n g  p e r s o n n e l  

r e v e a l e d  t h a t  t w o  s i g n i f i c a n t  c h a n g e s  h a d  b e e n  r e c e n t l y  i n t r o d u c e d  i n t o  t h e  

MBTA s y s t e m .  F i r s t ,  c h r c m e  r a i l  w as  i n t r o d u c e d  f o r  i m p r o v e d  w e a r  r e s i s t a n c e ,  

a n d  s e c o n d ,  a  n e w  w e l d  k i t  s u p p l i e r  was i n t r o d u c e d  f o r  e c o n o m ic  r e a s o n s .  

W i t h o u t  a  d o u b t ,  some o f  t h e  w e l d  f a i l u r e s  w e r e  t h e  r e s u l t  o f  t h e  l e a r n i n g  

c u r v e  c h a r a c t e r i s t i c  t h a t  i s  a s s o c i a t e d  w i t h  t h e  i n t r o d u c t i o n  o f  a n y  new

p r o c e s s .  L i k e w i s e ,  some o f  t h e  n o n - w e l d  f a i l u r e s  h ad  p r o b a b l y  o c c u r r e d  p r i o r

%
t o  t h e  r e p o r t i n g  p e r i o d  b u t  h a d  g o n e  u n n o t i c e d  a n d / o r  u n r e p o r t e d  u n t i l  t h i s  

t i m e  p e r i o d .

I n  a n y  c a s e ,  b a s e d  on t h e  e v a l u a t i o n  o f  t h e  p r e c e d i n g  d a t a  a n d  t h e  f a c t  

t h a t  t h e  MBTA w a s  c o m m i t t e d  t o  t h e  u s e  o f  c h r o m e  r a i l  a n d  t h e  t h e r m i t e  f i e l d  

w e l d i n g  p r o c e s s ,  i t  w as  d e c i d e d  t o  c o n c e n t r a t e  t h e  s u b s e q u e n t  i n v e s t i g a t i o n  on  

t h e s e  p a r a m e t e r s .
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SUMMARY OF MBTA R A IL  PULL APART F A IL U R E S  REPORTED  
BETWEEN SEPTEMBER 1 9 8 1  AND MAY 1 9 8 2

TABLE 2 .1 -1

LOCATION OF FRACTURE
R A IL
S I Z E M ATERIAL

NO . OF 
F A IL U R E S

BOLT
HOLE

CABLE
BOND

F IE L D  
WELD I .? )

SHOP 
w e i n  ( 3 ) UNKNOWN

1 1 5  l b / y d . C hrom e ( 2 ) 2 9 ■- 1 i g ( 4 ) 6 ( 4 )  . 3

8 5  l b / y d . C o n t r o l  C o o l e d 2 5 5 4 1 - 1 5

1 0 0  l b / y d . C o n t r o l  C o o l e d 8 5 2 - -  ■ 1

TOTAL 6 2 1 0 7 2 0 6 1 9

NOTES:

( 1 )  S e e  A p p e n d i x  A f o r  m a t e r i a l  c o m p o s i t i o n .

( 2 )  A l l  b u t  o n e  o f  t h e  1 1 5  l b / y d .  w e l d  f a i l u r e s  i d e n t i f i e d  i n v o l v e d  a  
c h r o m e  t o  c h r o m e  o r  a  c h r o m e  t o  c o n t r o l  c o o l e d  r a i l ,  j o i n t .

( 3 )  T h e  f a i l u r e  w as c l a s s i f i e d  a s  w e l d  r e l a t e d  w h e n e v e r  t h e  f r a c t u r e  
o c c u r r e d  i n  t h e  w e ld  o r  t h e  h e a t  a f f e c t e d  z o n e .

( 4 )  T h r e e  w e l d  r e l a t e d  f a i l u r e s  d i d  n o t  i d e n t i f y  w h e t h e r  t h e y  w e r e  

f i e l d  o r  sho p  w e l d s ,  so b a s e d  on d i s t r i b u t i o n  o f  know n c a s e s ,  tw o  

w e r e  a d d e d  t o  t h e  f i e l d  w e l d  c o lu m n  a n d  o n e  t o  t h e  s h o p  w e l d  
c o l u m n .
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TABLE 2 .1 - 2

SUMMARY OF MBTA LOAD/FREQUENCY DATA  
SEPTEMBER 1 9 8 1  THROUGH MAY 1 9 8 2

L IN E

T R A IN S
PER
WEEK

LOAD CYCLES 

PER 
WEEK

AXLE
LOAD L B .

T O T . NO. 
OF

F A IL U R E S
WELD

F A IL U R E S
NON-WELD
F A IL U R E S

TY P E
UNKNOWI

RED 1 1 , 6 8 4 2 1 , 9 5 2 2 2 , 1 0 9 11 4 4 3

2 8 4 2 1 0 , 9 7 6 2 3 , 3 0 6 7 4 1 2

3 8 4 2 1 0 , 9 7 6 1 9 , 6 1 4 0 0 0 0

4 1 , 0 4 6 4 , 1 8 4 1 2 , 3 2 3 1 8 1 7 0 1

ORANGE 9 2 4 1 2 , 4 3 2 2 0 , 9 0 5 1 5 1 7 7

BLUE 1 , 1 0 0 1 4 , 3 2 8 1 8 , 9 0 0 2 0 1 T

GREEN 1 1 , 1 7 3 7 , 0 3 8 1 4 , 2 5 0 2 0 1 1

2 1 , 0 2 6 6 , 1 5 6 1 4 , 2 5 0 0 0 0 0

3 911 5 , 4 6 6 1 4 , 2 5 0 1 0 0 1

4 9 9 4 4 , 5 1 6 1 2 , 3 2 4 0  . 0 0 0

5 3 , 1 1 0 1 8 , 6 6 0 1 4 , 2 5 0 0 0 0 0

6 4 , 1 0 4 2 3 , 1 7 6 1 3 , 8 7 5 4 0 1 , 3

7 3 , 1 1 0 1 8 , 6 0 0 1 4 , 2 5 0 2 0 2 0

8 2 , 1 9 9 1 3 , 1 9 4 1 4 , 2 5 0 0 : 0 0 0

NOTES:

1 .  S e e  d i s c u s s i o n  i n  S e c t i o n  2 . 0  f o r  d e f i n i t i o n s  a n d  a s s u m p t i o n s .

2 .  S e e  r o u t e  map i n  A p p e n d i x  A f o r  r o u t e  d e f i n i t i o n s .
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TABLE 2 .1 - 3

S E R V IC E  T I M E  P R IO R  TO F A IL U R E

NO . OF NO. OF
R A IL WELD NON-WELD S E R V IC E  T IM E (Y E A R S )
S I Z E F A IL U R E S F A IL U R E S 0  -  1 / 2 "  ' TN

J 1 1
I ^ 2 - 5 T U T R O R f

1 1 5 2 5 1 0 1 4  1 -

1 0 0 0 - - - -

8 5 1 - - - -  ■■ 1

1 1 5 4 2 2 -

1 0 0 8 - 1 2 5

8 5 24 2 1 _ 2 2
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2 . 2  L i t e r a t u r e  S u r v e y

T h e  f i r s t  p a r t  o f  t h e  s u r v e y  c o n s i s t e d  o f  o b t a i n i n g  d a t a  a n d  re c o m m e n d ed  

p r a c t i c e s  f ro m  t h e  r a i l  s u p p l i e r  a n d  t h e  two. w e l d  k i t  s u p p l i e r s .  R e f e r e n c e s  1 

t h r o u g h  4  a n d  i t e m  7 o f  A p p e n d i x  A s u m m a r iz e  t h e s e  d a t a .  D i s c u s s i o n s  w i t h  

o t h e r  r a i l  p r o p e r t i e s  a n d  o b s e r v a t i o n  o f  t h e i r  p r a c t i c e s  c o m b i n e d  w i t h  t h e  

a b o v e  d a t a  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  o b s e r v e d  MBTA w e l d i n g  o p e r a t i o n s  a n d  

p r o c e d u r e s  w e r e  i n  a c c o r d  w i t h  g e n e r a l l y  a c c e p t e d  p r a c t i c e s  a n d  i n  c o m p l i a n c e  

w i t h  s u p p l i e r  r e c o m m e n d a t i o n s .  H o w e v e r ,  i t  w as  r e a d i l y  e v i d e n t  t h a t  s i g n i f i 

c a n t  v a r i a t i o n s  i n  t h e  p r o c e s s  v a r i a b l e s  c a n  a n d  d o  o c c u r .  T h e s e  v a r i a t i o n s  

n o t  o n l y  e x i s t  b e t w e e n  t r a n s i t  p r o p e r t i e s  b u t  a l s o  b e t w e e n  d i f f e r e n t  w o rk  

c r e w s  w i t h i n  a  g i v e n  t r a n s i t  p r o p e r t y .  M any  o f  t h e s e  v a r i a t i o n s  r e s u l t  f r o m  

t h e  e n v i r o n m e n t a l  c o n d i t i o n s ,  a n d  t h e  r e v e n u e  o p e r a t i n g  p r e s s u r e s  o v e r  w h i c h  

t h e  w o r k  c r e w  h a s  l i t t l e  o r  no  c o n t r o l .  T h e  e f f e c t s ,  i f  a n y ,  o f  t h e s e  

v a r i a t i o n s  on r a i l / w e l d  p e r f o r m a n c e s  i s  n o t  k n o w n .  A t  t h e  p r e s e n t ,  e x p e r i e n c e  

h a s  e s t a b l i s h e d  p r o c e d u r e s  a n d / o r  p r a c t i c e s  t h a t  p r o d u c e  " a c c e p t a b l e  

p e r f o r m a n c e  w i t h o u t  h a v i n g  a  q u a n t i t a t i v e  c r i t e r i a  f o r  e v a l u a t i o n  o r  

i n s p e c t i o n . "

T h e  s e c o n d  p a r t  o f  t h e  s u r v e y  c o n s i s t e d  o f  a  l i t e r a t u r e  s e a r c h  f o r  a 

p r a c t i c a l  c r i t e r i a  t h a t  c o u l d  b e  u s e d  t o  d i s t i n g u i s h  b e t w e e n  a c c e p t a b l e  a n d  

u n a c c e p t a b l e  w e l d s .  A w e a l t h  o f  t e s t  d a t a  i s  a v a i l a b l e .  T h e  m a j o r i t y  o f  w h i c h  

i s  c o n t a i n e d  i n  t h e  AREA P r o c e e d i n g s  b e g i n n i n g  w i t h  v o lu m e  4 4  a n d  e x t e n d i n g  t o  

t h e  p r e s e n t .  R e f e r e n c e s  5 a n d  6 p r o v i d e  a  s i g n i f i c a n t  b i b l i o g r a p h y  on t h i s  

s u b j e c t .  R e f e r e n c e s  8 ,  9  a n d  1 0  c o n t a i n  s p e c i f i c  r e s u l t s  o b t a i n e d  u s i n g  r a i l  

a n d  w e l d  k i t s  s u p p l i e d  by  t h e  MBTA s u p p l i e r s  a n d / o r  s u b c o n t r a c t o r s .  W i t h  f e w  

e x c e p t i o n s ,  t h e s e  d a t a  r e p o r t  t e s t  r e s u l t s  w i t h o u t  p r o v i d i n g  c o m p a r a b l e  d a t a  

f o r  u n w e l d e d  r a i l  s u c h  t h a t  a  q u a n t i t a t i v e  c r i t e r i a  f o r  e v a l u a t i n g  t h e  w e l d s  

c o u l d  b e  d e r i v e d .
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T a b l e s  2 . 2 - 1  a rid  2 . 2 - 2  p r e p a r e d  f r o m  t h e  d a t a  i n  r e f e r e n c e  7 r e p r e s e n t s  

a t y p i c a l  s e t  o f  r e s u l t s  f o r  t h e  l i m i t e d  n u m b e r  o f  c a s e s  w h e r e  c o m p a r a t i v e  

d a t a  i s  p r o v i d e d .  T h e s e  d a t a  r e f l e c t  t h e  f a c t  t h a t  w e l d s  f o r  a  g i v e n  r a i l  

m a t e r i a l '  w i l l  h a v e  d i f f e r e n t  s t r e n g t h s  d e p e n d i n g  on t h e  w e l d  k i t  s u p p l i e r .

A l s o ,  t h e  i m p a c t  r e l a t i v e  t o  t h e  r a i l  m a t e r i a l  s t r e n g t h  w i l l  v a r y  a s  t h e  r a i l

m a t e r i a l  c h a n g e s ,  i t  a p p e a r s  t h a t  t h e  w e l d  m e t a l  c o m p o s i t i o n  i s  t h e  s i g n i f i -
^ '

c a n t  f a c t o r  e v e n  t h o u g h  s u c h  v a r i a b l e s  a s  p r e h e a t  t i m e ,  t e m p e r a t u r e  an d  c o o l i n g  

r a t e  w i l l  a l s o  a f f e c t  t h e  r e s u l t s .  A l t h o u g h  t h e  s t a t i s t i c a l  v a l i d i t y  o f  t h e s e  

c o n c l u s i o n s  c a n  b e  q u e s t i o n e d ,  t h e  t r e n d s  n o t e d  w e r e  d u p l i c a t e d  t o  some e x t e n t  

i n  a l l  c a s e s  w h e r e  t h e  r e q u i r e d  d a t a  w as  a v a i l a b l e .

I n  s u m m a ry ,  t h e r e  i s  no g e n e r a l l y  a c c e p t e d  m e c h a n i c a l  p r o p e r t y  t y p e  

c r i t e r i a  t h a t  c a n  b e  u s e d  t o  d i f f e r e n t i a t e  b e t w e e n  a c c e p t a b l e  a n d  u n a c c e p t a b l e  

w e l d s .  V a l u e s  f o r  w e l d  s t r e n g t h  a n d  d u c t i l i t y  v a r y  s i g n i f i c a n t l y  f r o m  o n e  

w e l d  k i t  s u p p l i e r  t o  a n o t h e r  e v e n  w hen  t h e  sam e w e l d  p r o c e s s  i s  U s e d .  A l s o ,  

t h e  v a l u e s  r e l a t i v e  t o  t h e  f a i l  s t r e n g t h  w i l l  v a r y  f r o m  o n e  f a i l  m a t e r i a l  t o  

t h e  n e x t  e v e n  w h en  t h e  sam e w e l d  k i t  s u p p l i e r  i s  u s e d .  I t  a p p e a r s  t h a t  a  W e ld  

k i t  c o m p o s i t i o n  c e r t i f i c a t i o n  n e e d s  t o  be  e s t a b l i s h e d  a n d  r e q u i r e d  by t h e  

t r a n s i t  p r o p e r t i e s  a s  t h e y  c u r r e n t l y  r e q u i r e  f o r  t h e  r a i l  m a t e r i a l  w hen  

p u r c h a s i n g  r a i l s .  T h i s  w o u ld  n o t  g u a r a n t e e  a c c e p t a b l e  w e l d s ,  b u t  i t  w o u l d  

c o n t r o l  o n e  m a j o r  v a r i a b l e  t h a t  i s  n o t  c u r r e n t l y  c o n t r o l l e d .

T h e  t h i r d  p a r t  o f  t h i s  s u r v e y  c o n s i s t e d  o f  a  l i t e r a t u r e  s e a r c h  f o r  a  n o n 

d e s t r u c t i v e  i n s p e c t i o n  t e c h n i q u e  t h a t  c o u l d  b e  u s e d  t o  d i s t i n g u i s h  b e t w e e n  

a c c e p t a b l e  a n d  n o n - a c c e p t a b l e  w e l d s .  C o n s i d e r a b l e  w o r k  h a s  b e e n  d o n e  u t i l i z i n g  

b o t h  r a d i o g r a p h i c  a n d  u l t r a s o n i c  t e c h n i q u e s  w i t h  v a r y i n g  d e g r e e s  o f  s u c c e s s .

T h e  b a s i c  g o a l s  f o r  a n y  o f  t h e  m e th o d s  a r e :  ( a )  t o  e s t a b l i s h  a  s e t  o f  s t a n d a r d s  

w h i c h  c o r r e l a t e s  w i t h  w e l d  p e r f o r m a n c e  a n d  ( b )  t o  d e v e l o p  a  r e l i a b l e  a n d  

e c o n o m i c a l l y  f e a s i b l e  m e th o d  t o  i n s p e c t  f i e l d  w e l d s .  E v e n  i n  t h e  c a s e s  w h e r e  

t h e  t r a n s i t  p r o p e r t y  f i n d s  i t  e c o n o m i c a l l y  f e a s i b l e  t o  g r i n d  t h e  w e l d
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s m o o th  w i t h  t h e  r a i l ,  t h e  g e o m e t r i c  v a r i a b l e s  a n d  s i t e  r e s t r i c t i o n s  p r e s e n t  a  

f o r m i d a b l e  c h a l l e n g e .  B a s e d  on  t h e  i n f o r m a t i o n  t o  d a t e ,  t h e  u l t r a s o n i c  

i n s p e c t i o n  t e c h n i q u e  seem s t o  o f f e r  t h e  b e s t  c h a n c e  o f  e v o l v i n g  i n t o  a  

p r a c t i c a l  a n d  r e l i a b l e  i n s p e c t i o n  m e t h o d .  R e f e r e n c e s  1 1 ,  1 2  a n d  1 3  p r e s e n t  

t h r e e  r e c e n t  e f f o r t s  on  t h i s  s u b j e c t .  B a s e d  on t h e s e  d a t a ,  a  s i m p l i f i e d  

t e c h n i q u e  w a s  u s e d  i n  t h i s  s t u d y  a n d  t h e  r e s u l t s  a r e  d i s c u s s e d  i n  a  s u b s e q u e n t  

s e c t i o n  o f  t h i s  r e p o r t .
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TABLE 2 .2 -1

T E N S IL E  PRO P E R TIE S  -  TWO TYP ES OF T H E R M IT E  WELDS IN  TWO 
D IF F E R E N T  R A IL  M A T E R IA L S

R A IL

M A T E R IA L * 1 )

WELD

t y p e * 1 )
f t u
K S I

ELONG.

%

SCO _ 1 3 1 . 5 1 2 . 0

A 1 1 2 . 6 * 2 ) 2 . 0 ( 2 )

B 1 2 1 . 7 ( 2 ) 2 . 5 ( 2 )

H iS - 1 4 3 . 0 1 3 . 0

A 1 1 2 . 5 ( 3 ) 1 . 0 ( 3 )

B 1 2 1 . 8 * 4 ) 2 . 2 ( 4 )

NOTES:

( 1 )  S e e  T a b l e  2 . 2 - 2  f o r  r a i l  a n d  w e l d  m a t e r i a l  c o m p o s i t i o n .

( 2 )  A v e r a g e  o f  3  t e s t s .

( 3 )  A v e r a g e  o f  6  t e s t s .

( 4 )  S i n g l e  t e s t  r e s u l t .
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TABLE 2 .2 - 2

CHEMICAL COMPOSITION -  TWO TYPES OF THERMITE WELDS AND THE
TWO RAIL MATERIALS

COMPOSITION %
SAMPLE CARBON MANGANESE SILICON NICKEL CHROMIUM MOLYBENUM

R A ILC ) 0 .7 5 -0 .7 6  0 .8 0 -0 .8 4  0.17 0 .0 7 -0 .0 8  0 .0 2 -0 .0 3
0.014

R A I L ( 2 )
0.007

Weld(3)
0 .3 4 -0 .6 8

0 .75  0 .9 0 -0 .9 3  0 .6 8 -0 .7 4  0 .0 6 -0 .0 8  0 .0 2 -0 .0 3

0 .4 8 -0 .5 9  1 .1 0 -1 .4 0  0 .3 5 -0 .5 0  0 .0 4 -0 .0 5  0 .0 1 -0 .0 3

TYPE B
W E L D  ̂2 )  0 .4 7 -0 .4 9  1 .2 6 -1 .3 3  1 .0 9 -1 .4 9  0 .1 2 -0 .1 3  0 .1 2 -0 .1 3
1 .0 7 -1 .2 5

NOTES:

(1 ) Range fo r  5 samples.

(2 ) Maximim/minimim 2 samples.

(3 ) Range fo r  4 samples.

ALUMINUM 

0 .0 1 -0 .0 4  

0 .0 1 -0 .0 4  

0 .0 8 -0 .1 0  

0 .0 4 -0 .0 5
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2.3 Industry Survey

To a s s is t in  th is  in v e s tig a tio n , a questionnaire, item 8 o f Appendix A, 

was prepared and d is trib u te d  to  selected t ra n s it  p ro p erties  and ra ilro a d s . 

S election  was made to insure in c lu s io n  of systems using the r a i l  m a te ria ls  and 

welding processes employed by the MBTA. In a d d itio n , systems were also  

selected to  include as wide a range of envirorm ental operating co nd ition s, 

requirements and philosophies as p ossib le . In  genera l, telephone contact was 

made and the questionnaire forwarded and returned as confirm ation  of the 

telephone discussions.

The resu lts  obtained are summarized in Table 2 .3 -1 . In  sh o rt, no recent 

increases in  r a i l  pu ll apart f a i lu r e  ra te  were reported nor had there been any 

in d ica tio n s  of sp ec ific  problems w ith  e ith e r  r a i l  m a te ria l or weld k its  

employed. S election  of one f ie ld  weld process or another appears to  depend on 

past experience of the company and/or personnel involved. Changes are 

sometimes made due to "poor" re s u lts  w ith  a given process and "b e tte r"  resu lts  

w ith  another.

G enerally speaking, i t  is  apparent th a t welding prac tices  are widely 

diverse as is  the c r i te r ia  fo r  a c c e p ta b ility  of the welds. The s ig n if ic a n t  

fa c to r  to note is  th a t a nominal fa i lu r e  ra te  is  accepted as normal, even 

though a l l  use some so rt o f inspection  ranging frcm visual to  p eriod ic  use of 

a Sperry Rail Service Car. In summary, these data did not in d ic a te  th a t the 

r a i l  p u ll apart problem was d ir e c t ly  re la te d  to e ith e r  the r a i l  m ateria l used 

or the weld process employed.

The time and e f fo r t  spent and the in form ation  forwarded by the personnel 

o f the t ra n s it  p roperties and ra ilro a d s  l is te d  in  item 9 of Appendix A is  

g ra te fu lly  acknowledged.
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TABLE 2 .3 -1

SUMMARY OF INDUSTRY SURVEY RESULTS

Q u e s tio n n a ire s ^  sent out -  9 (5 T ra n s it; 4 RR)

Replies received -  6 (4  T ra n s it; 2 RR)

P roperties  using no welded jo in ts -  1

Rate o f p u ll apart fa ilu re s  considered normal -  2 to  4 per month

R ail pu ll ap art problems -  0

P roperties  req u irin g  special tra in in g  fo r  welders -  2

Properaties req u irin g  c e r t i f ic a t io n -  1

Inspection: Visual -  a l l -  6

Sperry -  1 to 3 times per year -  4
(2)Preferences fo r  weld su pp lier A over B -  2
(2 )Preferences fo r  weld su pp lier B over A -  1

Properties using chrome r a i l -  1

NOTES

1. See item 8 o f Appendix A fo r  questionnaire content.

2 . Weld su pp lier A and B to d is tin g u ish  between the two therm ite type 
weld k i t  suppliers l is te d  in  References 1 through 4.
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3.0 LABORATORY INVESTIGATION OF MBTA RAIL PULL APART FAILURES

This section of the rep o rt discusses the various labo ra to ry  and m e ta llu r

gical te s ts  conducted on the fa i lu r e  samples co llec ted  during the s ite  survey 

a t  the MBTA. Support and assistance was provided by cognizant MBTA engineering  

and maintenance personnel as w ell as representatives from the Transportation  

Systems Center i'n Cambridge, Massachusetts.
i

3.1 O bjectives

To determine the fa i lu re  mode and the probable cause o f fa i lu r e  in order 

to  es tab lish  a ra tio n a l te s t  plan fo r  the next phase o f the in v e s tig a tio n .

3 .2  Procedure

The eleven (11) rep resentative  fa i lu r e  samples were examined v is u a lly  

and c la s s if ie d  by type o f f a i lu r e .  Representative specimens were then cross- 

sectioned and subjected to  both m e ta llu rg ic a l and hardness te s ts .

3 .3  Results

Visual examination revealed th a t e ig h t of the fa ilu re s  occurred a t weld 

jo in ts ,  and the remaining three occurred a t bus w ire bond p o in ts . Table 3.3-1  

summarizes the resu lts  o f the visual exam ination. These re s u lts  show th a t the 

m ajo rity  o f the weld fa ilu re s  occured in  f ie ld  welded jo in ts  on chrome r a i l  

using c a lo r ite  k i ts .

The reason th a t the m ajo rity  o f the fa i lu re  samples involved th is  a llo y  

and weld k i t  was discussed in  Section 2 . The s ig n if ic a n t  fa c to r  is  th a t the 

same fa i lu re  c h a ra c te ris tic s  were present regardless of r a i l  a llo y  or weld k i t  

su p p lier.

Figures 3 .3 -1  through 3 .3 -9  show two examples of weld jo in t  fa i lu re s .  

Specimen #1 (Figures 3.3-1  through 3 .3 -5 )  broke from the bottom flange up 

through the head. THe crack deviated to one side from about the center of the 

web up. Figures 3.3-1 and 3 .3 -2  show th a t the bottom h a lf  o f the r a i l  did not 

fuse together w hile  the top did fuse. The lack of fusion is  ind icated  by

14



TABLE 3 .3 - 1

SUMMARY -  RESULTS OF VISUAL EXAMINATION OF FAILED SAMPLES

Specimen
R ail
Type

Composition 

A B Weld

F a ilu re  Location  

Bus Bond Other
Weld
Type Cause of F a ilu re

B-l 115 CR CR X C Lack of fusion (30%)
B-2 85 CC CC X Unk S la g /b r i t t le  (10%)
B-3 115 CR CC X C Lack of fusion (80%)
B-4 115 CR CC X C Lack of fusion (75%)
B-5 115 CC CC X T Slag/runout (head)
B-6 115 CC CC X - Overheated bond
B-7 115 CC CC X - Overheated bond
B-8 115 CC CC X - Overheated bond
B-9 115 CR - X C Lack of fusion (30%)
B-10 115 CC - X c Lack of fusion (40%)
B - ll 115 CC - X c Lack o f fusion (30%)

' A, B Used to designate each side o f broken sample (Columns 3 and 4)
CR Designates chrome r a i l  (Columns 3 and 4)
CC Designates contro l cooled r a i l  (Columns 3 and 4)
115 Designates 115 pound/yard r a i l ,  85 designates 85 pound/yard r a i l  (Column 2)
C Used to designate C a lo r ite  weld (Column 8)
T Used to designate US Thermit weld (Column 8)
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Figure 3 .3 -3  Fracture surface of #1 showing lack o f fusion  
in the bottom h a lf  o f the weld„
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Figure 3 .3 -5  Section taken from the bottom o f #1, showing 
lack o f fusion in  the bottom h a lf .
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Figure 3 .3 -7  Fracture surface o f #3 showing lack o f fusion  
(dark area) throughout the weld zone.

$

Figure 3 .3 -8  Section o f #3 showing almost no m elting o f 
the r a i l .
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sponge porosity and a f l a t  oxid ized surface showing l i t t l e  or no te n s ile  

fra c tu re . Figures 3 .3 -4  and 3 .3 -5  are sections taken from the top and bottom, 

resp ec tive ly . The lack o f fusion in  the bottom (F igure 3 .3 -5 )  is  evidenced by 

the lack of m elting  o f the r a i l  ends in  co n tras t to Figure 3 .3 -4 , which 

ind ica tes  good fusion in  the head of the r a i l .  The v a ria tio n  of fusion from 

top to  bottom shows th a t the top h a lf  of the r a i l  was preheated more than the  

bottom h a lf .

Specimen #3 (F igures 3 .3 -6  through 3 .3 -9 )  is  an example of a weld in  

which no fusion was achieved. The crack runs s tra ig h t  up the side of the weld 

along the in te rfa c e  between the weld metal and the r a i l  (F igure 3 .3 -6 ) .  The 

lack of fusion is  evidenced in  Figure 3 .3 -7  by the f l a t ,  oxid ized (dark 

colored) appearance of the fra c tu re . Figure 3 .3 -8  shows th a t one corner of 

the r a i l  had begun to  m e lt , otherwise no fusion had occurred. The photomicro

graph in  Figure 3 .3 -9  shows complete lack of fusion along the in te rfa c e  

between the weld metal and the r a i l .

An example o f a bus bond fa i lu re  is  shown in  Figures 3 .3 -1 0  through

3 .3 -1 3 . In  th is  type of f a i lu r e ,  cracking developed frcm the po in t where the  

copper bus w ire  was welded to  the r a i l  (F igure 3 .3 -1 0 ) . Figure 3.3-11 is  a 

section through the bond s ite  showing the copper penetra ting  in to  the r a i l .  

Figure 3 .3 -12  is  a photomicrograph a t  100X showing a hard la y e r of untempered 

m artensite which formed a t the in te rfa c e  of the copper bus and the r a i l .  This  

la y e r , shown in  more d e ta il in  Figure 3 .3 -1 3 , was made up of m artensite w ith  a 

hardness as high as RC 57. In te rg ra n u la r  cracking and copper penetra tion  are  

evident in  the photograph.
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Figure 3 .3 -9  Photomicrograph showing lack o f fusion along 
the weld in te rfa c e  o f #3. N ita l Etch. (lOOx)

Figure 3 o3-10 F a ilu re  specimen #6 showing ty p ic a l bus bond 
type fa i lu r e .
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Figure 3 .3-11 Cross section o f a bus bond showing penetration  
o f the copper in to  the r a i l .  (1 Ox)

Figure 3 .3 -1 2  Photomicrograph showing hard (RC 57) untempered 
m artensite  lay er which formed between the copper 
bus and the r a i l .  N ita l Etch. (lOOx)
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Figure 3 .3 -1 3  High m agnification  view o f the la y e r in
Figure 3 .3 -1 2 . Note in te rg ra n u la r  cracking  
associated w ith  copper penetration  in to  the 
s te e l. N ita l Etch. (500x)

23



3 .4  Findings

Based on the resu lts  in  paragraph 3 .3 ,  two fa i lu re  modes were id e n t if ie d :

. F a ilu re  a t  the therm ite  welded jo in ts  

. F a ilu re  of the r a i l  a t bus w ire bonding jo in ts .

The weld jo in t  fa i lu re s  were ch aracterized  by poor fusion up to and 

including complete lack o f fusion over s ig n if ic a n t  areas of the jo in t .  The 

probable causes o f the poor fusion were in s u ff ic ie n t  and/or uneven preheating  

of the jo in t  p r io r  to welding.

The fa ilu re s  associated w ith the bus w ire bonding jo in ts  were char

ac te rized  by a f u l ly  rehardened zone in  the r a i l  accompanied by in te rg ra n u la r  

penetration  o f copper in to  the s te e l.  These features ind icated  an excessive 

heat input during the bond operation and fa i lu r e  to temper the steel a f te r  com

p le tio n  of the bond.
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4 .0  METALLURGICAL EVALUATION OF TEST WELDS MADE UNDER CONTROLLED CONDITIONS 

Based on the resu lts  reported in  the p r io r  sectio n , a se ries  of te s t

welds were made to  determine the operational l im its  fo r  the welding processes 

used by the MBTA. A ll o f the subsequent work was conducted using 115 pound/- 

yard standard control cooled or chrome r a i l .

4.1 Objectives

To evaluate 1) the e ffe c ts  of outside tem perature, 2) the e ffe c ts  of pre 

heat tem perature, 3) the e ffe c ts  o f r a i l  and weld k i t  chem istry, and 4) to  

compare the two weld processes used by the MBTA.

4 .2  Procedures

Two te s t  welds (one each by the two vendor rep resen ta tives ) were made, 

u ltra s o n ic a lly  inspected and then subjected to a ty p ic a l slow bend te s t .  (See 

Figure 4 .2 -1  fo r  the te s t  setu p ). The ambient temperature when these welds 

were made was 95°F. The primary purpose fo r  these welds was to  insure th a t  

vendor recommended procedures were used, to  serve as a t ra in in g  exercise fo r  

the lab o ra to ry  personnel who were to make the subsequent te s t  welds and to  

compare the bend te s t  resu lts  w ith industry norms.

Figures 4 .2 -2  and 4 .2 -3  i l lu s t r a t e  typ ica l te s t  weld setups fo r  ambient 

temperature conditions and fo r  co n tro lled  temperature conditions resp ec tive ly . 

The temperature was co n tro lled  by using a Thermotron to c irc u la te  COg 

through a chamber b u i l t  around the r a i l  jo in t  th a t was to  be welded.

A se ries  of te s t  welds were made using C a lo r ite  chrome weld k its  on 

standard contro l cooled r a i l  and/or chrome r a i l .  Ambient temperatures were 

adjusted to  50°F, 30°F and 10°F w hile preheat temperature was adjusted 

to  various points in  the range 1200°F to 2000°F. Each te s t  weld was 

instrunented as shown in  Figure 4 .2^4.
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Figure 4 ,2 -T  Slow Bend Test Setup
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Figure 4 .2 -3  Typical Test Weld Setup, C ontro lled Temperature Conditions
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Figure 4„2-4 Thermocouple Locations



Three te s t  welds were made using U.S. Therm it k i t s .  Two o f the weids 

(T - l  and T -2 ) were made in  control cooled r a i l ,  arid the th ird  (T -3 j was iri 

chrome r a i l .  The welds were made a t  ambient temperatures in  the range of 

95°F, 50°F and 10°F.

Duririg each te s t ,  the tenpera tiire  Was moriitbred from the beginning of 

the  cool down u n til approximately 20 minuses a f te r  completion of the weld.

For each weld, the f o l1owing procedure was follow ed:

Plaice r a i l  in  cold chamber and cool to  desired ambient.

C a lo r ite  Welds -  in s ta l l  molds anb preheat to  desir'eci tem perature. 

Place plug iri mold, swirig c ru c ib le  in to .p ie c e  arid l ig h t  the charge. 

Upon ccmpletion of the pour, remove c ru c ib le  arid si bg tra y .

U.S. Thermit -  Dry r a i l  ends and then in s ta l l  the molds. Place 

tapping discs in  the mold, pour iri the charge and then l ig h t  the 

charge.

. Upon completion of the welds, allow  the welds to  cobl fo r  20 miriutes 

w ith  the molds in  p lace.

A fte r  the twenty minute cool down period , remove the mold and then 

remove the welded r a i l  frcm the cold chamber.

. Excess weld metal on the top of head and the f ie ld  side of the head 

was removed by grinding and then each weld was u ltra s o n ic a lly  

inspected.

. Following the in sp ec tio n , the weld zone was cut out arid the remain

ing r a i l  was used fo r  fu rth e r  welding.

Each weld sample was then subjected to  m e ta llu rg ic a l tests  as fo llo w s :  

Cross sections were made a t  the to p , center and bottom o f the web.

. Hardness transverses were made from the weld c e n te rlin e  to  the 

basic r a i l  a t 1/8" increments.
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In  cases where u ltras o n ic  ind ications of defects were noted, 

sections were made to determine the nature o f the NDI in d ic a tio n . 

Photomicrographs were made of rep resen tative  samples showing the 

m ateria l m icrostructure and ty p ic a l defects found.

Photomicrographs were made to depict various stages of fusion in 

the weld zones.

Chemical analyses using atomic absorption techniques were performed 

on selected specimens.

Following the in i t i a l  weld se rie s , three welds were made using 

C a lo r ite  k its  and chrome r a i l .  The purpose of these welds was to  

v e r ify  th a t 1500°F preheat was also acceptable fo r  use with  

chrome r a i l  a t temperatures down to 10°F. These welds were 

subjected to the same examination and te s ts  as the previous welds 

except th a t u ltra s o n ic  inspection was not ca rried  out.

31



4 .3  Results

4 .3 .1  Bend Tests

Figures 4 .3 .1 -1  and 4 .3 .1 -2  show the fa ilu re s  in  the bend te s t  specimens. 

The two fa ilu re s  fo llow ed s im ila r  paths. Cracking in i t ia t e d  in the bottom 

flange a t the w e ld /ra il in te r fa c e . A fte r  reaching the liiid -height of the r a i l ,  

the crack propagated in  two d ire c tio n s , as ev iden t in the f ig u re s .

The C a lo rite  weld (# C - lj  fa i le d  a t a maximum load o f 245,000 pounds w ith  

a maximum d e fle c tio n  o f 0 .9 i inches. The U.S. Therm it weld ( # t - l )  fa i le d  a t

226,000 pounds w ith  a maximum d e fle c tio n  of 0 .66 inches. Figure 4 .3 .1 -3  shows 

the load vs. d e fle c tio n  curves of the two specimens superimposed.

The lower strength o f specimen T -l resu lted  from porosity in tlrie weld 

in te rfa c e  in  the bottom fia n g e . Figures 4 .3 .1-4 and 4 .3 .1 -5  show u ltrason ic  

inspection re su lts  on the two bend te s t specimens. A fte r  the te s t ,  m eta llo - 

graphic examination revealed th a t  the in d ic a tio n  observed in  T -l was due to  

microscopic gas porosity d is tr ib u te d  along the weld in te r fa c e .

As discussed e a r l ie r ,  no genera lly  accepted values were av a ila b le  to  

distingu ish  acceptable from unacceptable welds. Results from the data 

reviewed gave U ltim ate  load values fo r  th is  r a i l  ranging from a low of i90 ,0 00  

pounds to a high of 318,548 pounds and maximum d e fle c tio n s  ranging from 0 .4  

inches to 1.45 inches. In most cases, examination a f te r  fa i lu re  would 

in d ica te  m eta llu rg ica l flaws and/or lack of fu s io n . These defects could 

possibly c o rre la te  w ith  the re s u lts , but there was no in d ic a tio n  o f whether 

the resu lts  were considered acceptable or unacceptable. The im portant fa c t  

here is  th a t the welds produced using the best procedures possible resu lted  in  

strengths well above the minimum based on the a v a ila b le  data .

The fra c tu re  pattern  was s im ila r  to th a t noted fo r  several other 

industry te s t  samples when the d u c t i l i ty  o f the weld was low as determined by 

maximum d e fle c tio n  measurement.
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Figure 4 .3 .1 -1  C a lo rite  weld specimen #C-1 a f te r  bend 
te s t .

Figure 4 .3 .1 -2 US Thermit weld specimen # t - l  a f te r  
bend te s t .
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4 .3 .2  Test Weld S eries

Table 4 .3 .2 -1  gives a summary of the welding conditions fo r  each o f the 

te s t  welds. Also included is  a comment column in d ica tin g , problems th a t were 

experienced. Table 4 .3 .2 -2  summarizes the re s u lts  o f the m eta llu rg ica l and 

non-destructive insp ections. D eta iled  data from which these tab les  were con

structed may be seen in  Appendix B.

Figure 4 .3 .2 -1  shows a typ ica l as welded jo in t  a f te r  removal of the 

r is e rs  and excess metal from the r a i l  head. The weld beads were approximately

one inch wide and were encrusted with a lay er o f ceramic m ateria l from the 

mold. The lin e s  drawn on the fig u re  show locations where the weld sections  

were cu t.

Figures 4 .3 .2 -2  through 4 .3 .2 -4  show a comparison between a weld w ith  

good fusion and one which has not completely fused. Figure 4 .3 .2 -2  shows 

complete fusion achieved in  #C-12 using a 1500°F preheat tem perature.

P a rtia l fusion obtained in  #C-5 (Figure 4 .3 .2 -3 )  resu lted  when the in i t i a l  

preheat temperature o f 1800°F dropped to 1300°F while the welder was 

having tro u b le  ig n it in g  the charge. An extreme case in which almost no fusion  

was obtained is  i l lu s t r a te d  by #C-3 shown in Figure 4 .3 .2 -4 .  Here the in i t i a l  

2000°F preheat had dropped to 900°F in the 4 .5  minutes i t  took to get the 

charge ig n ite d .

The importance o f preheating evenly is i l lu s t r a te d  by #C-13 (F igure

4 .3 .2 -5 )  in  which complete fusion was obtained on one side w hile no fusion was 

obtained on the opposite side.
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TABLE 4 .3 .2 -1

TIME-TEMPERATURE. DATA SUMMARY

Specimen
Ambi ent 
Temp-°F

Preheat 
Time-Mi n

Preheat
Temp-°F

Tap Time 
Mi n

Tap Temp °F 
Top

Tap Temp °F
Bottom Remarks

C-l 95 20 1800 0.5 Vendor Rep;, Bend. Test
C-2 95 20 1800 0.7 - - Vendor Rep.
C-3 50 38 2000 4.2 1200 900 Trouble Ig n itin g
C-4 50 28 2000 0.5 1900 1200
C-5 50 20 1800 1.5 1600 1300 Trouble Ig n itin g
C - l2 50 24 1500 1.2 1500 T300 Trouble. Ig n it in g , CR Rail
C-l 3 50 35 1000 1.8 1100 1000 CR R ail/M old  Broke
C-6 30 32 2000 1 .8 1600: 1300 Trouble Ig n itin g
C-7 30 36 2000 2.5 1600 1300 Trouble I.gni.ti ng
C-8 30 26 2000 0 .8 1900 1500
C-l 0 30 16 1200 4.8 900 700: Trouble Ign iting :
C-9 TO 21 2000 0.7 1800 1600
C-l 1 10 38 1200 1.8 - 1100 Trouble. Ig n itin g
C-l 4 10 38 1500 3.8 1200. TOGO Mold Leaked:, CR Rail
T -l 95 .- - - - Vendor, Bend Test
T-2 30 - - - - -

. T-3 10 - - - — -- CR Rai 1



TABLE 4 .3 .2 -2  

SUMMARY
NON-DESTRUCTIVE INSPECTION AND METALLURGICAL TEST RESULTS

Specimen N D lU ) Met‘ (?) S ectio n 1^ '
% Penetration  
Top/Bottcm

Hardness-RC 
Top Bottom

Tap Temp-°F 
Top Bottom

C-l P /I _ 100 51 36
C-2 P /I - 100 35 34 - -
C-3 F/P LOF 100/30 31 31 1200 900
C-4 P None 100/100 33 35 1900 1200
C-5 F LOF 100/40 33 33 1600 1300
C-6 P - 100/100 43 39 1600 1300
C-7 P - 100/100 32 36 1600 1300
C-8 P/F None 100/100 33 34 1900 1500
C-9 P - 100/100 43 40 1800 1600
C-l 0 - LOF 50/12 33 35 900 700
C-l 1 F Crack 60/100 53 52 - 1100
C-l 2 - I n c l . 100/100 38 36 1500 1300
C-l 3 - LOF/CK 15/62 57 57 1100 1000
C-l 4 - LOF 100/94 37 36 1200 1000
T -l P/F P 100/100 28 28 - -
T-2 P/F None 100/100 27 30 - -
T-3 - None 100/100 29 30 -
B-l - -  ■ - 37
B-l 2 - . . .  - - 51
B-l 0 - - • - 30
B-3 “ LOF 0/18 31 32

(D p Porosity  I = Inc lus ion Specimen Designation: C = Cal o ri te
, „. F = Flaw (crack l ik e  in d ic a tio n ) T = US Thermit
( 2 >L0F Lack of Fusion B = Boston f ie ld  fa i

Inc l = In c lu s i on
NOTE: Specimens C20, 12, 13 and 14 were not u ltra s o n ic a lly  

Ck = Crack inspected.



Figure 4 .3 .2 -1  Typical C a lo r ite  te s t  weld "as welded".

Figure 4 .3 .2 -2  Complete fusion  in specimen #C-12 a t 1500°F 
preheat.
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Figure 4 .3 .2 -5  Uneven fusion in  specimen #C-13 re s u ltin g  
from uneven preheating. (1000°F nominal 
preheat.

Figure 4 .3 .2 -6 Weld in te r fa c e  -  complete fusion -  specimen 
#C-4 (1900°F p reh eat). N ita l Etch. (lOOx)
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Figures 4 .3 .2 -6  through 4 .3 .2 -9  i l lu s t r a t e  microscopic conditions  

observed in  the weld jo in ts .  A normal completely fused jo in t  is  i l lu s t r a te d  

by #C-4 (F igure  4 .3 .2 -6 )  welded a t 1900°F preheat. Lack o f fusion is  

i l lu s t r a te d  by #C-3 (F igure 4 .3 .2 -7 )  welded a t 900°F preheat. Specimen 

#C-12 (F igure 4 .3 .2 -8 )  shows a case in which complete fusion was achieved a t  

1500°F preheat, but a la rge  inclusion was reta ined  in  the weld. Specimen 

#C-11 (F igure 4 .3 .2 -  9) is  an example o f cracking which developed in  a weld 

which was too hard (RC 52 -5 3 ).

A wide range (RC 57-31) of hardness was observed in the C a lo rite  weld 

jo in ts .  Figures 4 .3 .2 -1 0  through 4 .3 .2 -1 2  i l lu s t r a t e  the m icrostructure  

changes observed over the hardness range. Specimen #C-1 (F igure 4 .3 .2 -1 0 )  

contained hard untempered m artensite combined w ith  upper banite  re s u ltin g  in  

high (RC 51) hardness. Specimen #C-6 (Figure 4 .3 .2 -1 1 )  had a hardness o f RC 

43, and the m icrostructure consisted o f banite and approximately 40% marten

s i te .  Specimen #C-7 (Figure 4 .3 .2 -1 2 )  had hardness of RC 36-32 w ith  m icro

s tru ctu re  conta in ing  approximately 5% m artensite .

Curves o f temperature versus time (see Appendix B) show th a t the head of 

the r a i l  c h il le d  the weld metal more rap id ly  than did the th in  sections in  the 

web and bottom fla n g e . An inspection of Table 4 .3 .2 -2  shows th a t the highest 

hardness g e n era lly  occurred in  the head of the r a i l  where the quench rates  

were the h ighest.

US Therm it welds do not require preheating because they employ excess 

metal flow ing through the jo in t  to  ra ise  the tem perature. Figure 4 .3 .2 -1 3  is  

a section from specimen ,#T-2 showing complete fusion in the jo in t .  This 

appearance was ty p ic a l o f a l l  three welds examined. The hardness o f the
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Figure 4 .3 .2 -7  Lack o f fusion and gas porosity  -  specimen 
#C-3 (900°F p reh e a t). N ita l Etch. (lOOx)

Figure 4 .3 .2 -8  Large inc lus ion  and gas void -  specimen C-12 
(1 500°F p re h e a t). N ita l Etch. (lOOx)
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Figure 4 .3 .2 -9  Cracking re s u ltin g  from excessive weld hardening 
(RC 52-53) in specimen #C-11 (1100°F) p re h e a t). 
N ita l Etch. (lQOx)'
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Figure 4 .3 .2 -1 0  Photomicrograph -  specimen #C-1 showing hard 
(RC 51) weld containing m artensite  and upper 
banite„ N ita l Etch„ (lOOx)
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Figure 4 .3 .2 -1 1  Photomicrograph -  specimen #C-6 showing a hard 
(RC 43) weld containing b an ite  and m arte n s ite . 
N ita l Etch. (lOOx)

Figure 4 .3 .2 -1 2  Photomicrograph o f specimen #C-7 showing 
normal hardness (RC 32-36) weld containing  
f in e  p e a r lite  and Widmanstatten s tru ctu re  
w ith  approxim ately 5% m arte n s ite . N ita l 
Etch. (1 OOx)
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Fiqure 4 3 .2 -1 3  Section from weld #T-1 showing complete 
fusion -  ty p ic a l o f  U. S. Therm it welds.

Figure 4 .3 02-14 Photomicrograph from specimen #T-3 showing 
s o ft (RC 28) weld contain ing f in e  p e a r l i te .  
N ita l Etch. (lOOx)
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US Thermit welds (RC 28) was s u b s ta n tia lly  lower than the C a lo r ite  welds.

This was due to  the lack o f a llo y in g  elements in the US Thermit weld m etal,

which re s u lts  in a com pletely p e a r l i t ic  m icrostru cture , Figure 4 .3 .2 -1 4 .  

Hardness in the US Thermit welds was approxim ately the same as th a t o f control 

cooled r a i l .  Therefore , in the chrome r a i l ,  the weld was so fte r (RC 28) than 

the r a i l  (RC 32 -3 5 ).

Table 4 .3 .2 -3  contains re s u lts  of chemical analyses o f the weld metal 

and both types o f r a i l .  The h a rd e n a b ility  of the C a lo r ite  weld metal resu lts  

p rim a rily  from the additions o f chromium, n ickel and molybedenum.
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TABLE 4 .3 .2 -3

CHEMICAL ANALYSIS RESULTS

SPECIMEN Si Cr Mn Ni Mo A1
C-l 0 .20 0.40 0.90 0.20 0.40 1.10
C-2 0.60 0.40 0.90 0.20 0 .40 0.80
C-3 0 .20 0.15 1.10 0.25 0.15 0.39
C-5 0 .80 0.50 0.90 0.20 0 .30 1.10
C-6 0 .40 0.40 1.20 0.20 0.40 1.40
C-7 0.40 0.40 0.90 0.20 0 .30 0.90
C-8 1.0 0.30 2.00 0.20 0.30 0.80
B—10 0.20 0.20 0.65 0.25 0.32 0.15
CC Rail 0 .2 -0 .4 0 .0 1 -0 .0 2 0 .3 5 -0 .4 9
CR Rail 0 .0 2 -0 3 1 .0 1 -1 .2 5 0 .9 6 -1 .2 0
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4 .4  Findings

4 .4 .1  C a lo rite  Welded Jo in ts

V aria tio n s  in  the preheat temperature produced weid jo in ts  w ith  fusion

c h a ra c te ris tic s  s im ila r  to the MBTA fa i lu re s .

. Preheating in  the, range o f 1500°F to 2000°F produced complete 
fusion in  the jo in ts .

. Preheating below 1200°F c o n s is te n tly  produced welds w ith poor 
fus ion .

. Preheating in  the range o f 1200°F to 1500°F produced mixed
;; re s u lts . ; : s , lfii| h iv -K ft *■;<•
D if fe re n t  cooling rates were observed between welds and between the top,

center and bottom of a given weld jo in t ,  th is  v a ria tio n  in cooling rates con

tr ib u te s  to the mixed resu lts  fo r  the temperature range quoted above.

Welds w ith  complete fusion can be achieved a t ambient temperatures as low 

as 10°F provided th a t proper preheating conditions are achieved. However, 

complete fusion becomes more and more d i f f i c u l t  to achieve a t low ambient temp

era tu res .

The in a b i l i t y  to e a s ily  ig n ite  the C a lo rite  charge was found to be a 

problem w ith  the weld k its  used fo r  these te s ts . This problem was a d ire c t  

cause of several bad welds due to loss o f r a i l  preheat temperature w hile  

attem pting to  l ig h t  the charge.

The hardness o f the C a lo r ite  weld metal was strongly in fluenced by the 

cooling ra te  o f the weld jo in t .  This c h a ra c te r is tic  disclosed an add itional 

problem. The observed hardness range, RC 33 to RC 57, exeeded the normal 

range, RC 31 to  RC 41, fo r  the chrome r a i l  m a te r ia l. Welds w ith  a hardness 

exceeding RC 50 may experience delayed in te rn a l cracking due to residual 

stresses. Welds w ith  hardness as low as RC 35 s t i l l  contained as much as 5 to  

10% untempered m artensite which is  undesirab le . Avoiding these high hardness 

re su lts  conditions w ith the present k i t  w i l l  required ex tra  measures such as 

in s u la tin g  blankets and post weld tempering.
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Correspondence from the C a lo r ite  weld k i t  su pp lier confirmed th a t an 

e rro r  had been made in  the amount o f a llo y in g  elements added to the weld k i t  

and ind icated  c o rre c tiv e  action would be taken. Recent discussions w ith  

C a lo r ite  in d ic a te  th a t th is  was accomplished and th a t the desired lower weld 

hardnesses and improved m etalurgical formations were achieved.

4 .4 .2  U. S. Thermit Welded Jo in ts

The three weld jo in ts  made using the U. S. Thermit process produced com

p le te  fusion  w ith in  the ambient temperature range o f these te s ts . The lack o f 

a higher chrome a llo y  content in the U. S. Thermit r a i l  metal used in th is  

in v e s tig a tio n  resu lted  in welds which were s u b s ta n tia lly  s o fte r  than the chrome 

r a i l  but compatible w ith the hardness of contro l-cooled r a i l .  Welding contro l^  

cooled r a i l  to chrome r a i l  w ith  these k its  w il l  cause no degradation in  per

formance since the re s u lt  is  only a s h if t  in the hardness tra n s it io n  lo c a tio n . 

When th is  weld k i t  is  used to weld chrome r a i l  to chrome r a i l ,  the e f fe c t  of 

the s o ft (RC 28) weld metal between the hard (RC 35) chrome r a i l  may re s u lt  in 

some long term performance degradation. However, no evidence was found in  the 

l i t e r a t u r e  to in d ic a te  th a t th is  hardness combination has been a s ig n if ic a n t  

problem. In any case, an increase in  a llo y in g  elements in  weld k its  fo r  jo in 

ing chrome r a i l  would be prudent. Recent correspondence w ith  U. S. Therm ite, 

In c . has confirmed th a t higher chrome a llo y  weld k its  can be supplied i f  

sp ec ified  by the user.

4 .4 .3  U ltraso n ic  Inspection ^

U ltraso n ic  inspection techniques were successful in  lo ca tin g  in te rn a l 

(n o n -v isu a l) flaw s in  the weld jo in ts .  A p re lim in ary  procedure fo r  these 

inspections is  contained in Appendix C. However, in  order to u t i l i z e  th is  

procedure, a r e l ia b le  re je c tio n  c r i t e r ia  needs to  be developed.

From the data observed, i t  is  evident th a t i t  would be possible to estab

lis h  an a c c e p t/re je c t standard through a c o rre la tio n  between flaw  size and weld
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strength. This could only be done by crea tin g  a series of weld jo in t  specimens 

w ith various types of flaws and flaw  sizes and obtaining an u ltras o n ic  inspec

tio n  measurement fo r  each. The specimens would then be tested to f a i lu r e .  By 

defin ing  the maximum strength degradation th a t would be acceptable, the u lt r a 

sonic measurement corresponding to th is  l im i t  would then be used as the 

a c c e p t/re je c t standard fo r  weld inspection .

I t  is  probable th a t a c c e p t/re je c t standards would require ta i lo r in g  fo r  

each t ra n s it  system since each system w il l  have d if fe re n t  operating re q u ire 

ments and conditions and d if fe re n t  r a i l  sizes and m ate ria ls .
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5 .0  CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Under normal conditions and by fo llow ing the weld k i t  su pp liers ' instru c  

tions s a tis fa c to ry  welds can be obtained.

The most c r i t ic a l  va riab le  is  the control of the preheat. That is ,  

complete fusion is  only possible when the r a i l  is  a t  the proper preheat temper 

ature p r io r  to and during the welding process.

The ambient tem perature, between 95°F and 10°F does not appear to  

a ffe c t  weld q u a lity . However, as the ambient temperature drops below 30°F, 

the a b i l i t y  of the weld crew to control a l l  of the o ther processes 

d e te rio ra tes  s ig n if ic a n t ly .

Acceptable welds can be made even when the weld k i t  m ateria l and r a i l  

m ateria l d i f f e r .  However, th is  w il l  generally  exaggerate the hardness 

v a ria tio n  across the jo in t  which can lead to problems w ith  b r in n e llin g  a t the 

jo in t  when the weld is  "so fte r"  than the r a i l  or vice versa. This can be 

s ig n if ic a n t  since the area impacted can be as wide as 2 1 / 2  to  3 inches (see 

hardness p lo ts  in  Appendix B).

5 .2  Recommendations

Q u a lify  and c e r t i fy  welders and weld processes before putting  them in  

the f ie ld .  Include period ic  re c e r t if ic a t io n  requirements fo r  the f ie ld  crews.

Require t ig h te r  l im its  and extra  precautions fo r  welding chrome r a i l  

than is  normal fo r  contro l-coo led  r a i l .

U t i l iz e  some means such as Tempi 1 s tick  or an o p tica l pyrometer to 

e s ta b lish  a minimum preheat and/or a uniform preheat.

Develop a c r i t ic a l  flaw  size fo r u ltraso n ic  inspection of weld q u a lity  

so th a t a cost e f fe c t iv e  a c c e p t/re je c t c r i t e r ia  can be es tab lished . This 

in v e s tig a tio n  ind icated  th a t the c r i t ic a l  r a i l  flaw  size depends on the type 

of flaw  and is  in  the 1 /2  to 1 inch range.
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SUMMARY OF FAILURES
CONTROL COOLED RAIL

NO. DATE LOCATION 0 ) SIZE
RAIL

(2 ) T Y P E ^
TEMP
°-F

YEARS IN 
SERVICE

FRACTURE,
LOCATION

1 1-7-82 West o f Kern ore, EB 85 ASCE 3 0 's 30 -

2 1-7-82 East o f A r lin g to n , W.B. 85 ASCE 2 0 's 15 C
3 1-20-82 Bari e t S t. , SB 85 A SCe Teen's 15 B
4 1-20-82 No. o f K en d a ll, N.B. 85 ARAB 4 0 's 10 C
5 1-21-82 Cedar S T re t, S.B. 100 AREB 20 's 15 B
6 1-19-82 So. o f Dover, S.B. 85 ASCE 20's 12 B
7 1-15-82 No. o f Egelston, N.B . 85 ASCe 2 0 's 15 B
8 1-16-82 Boylston, N.B. 100 ASCE 4 0 's 1 -

9 1-17-82 So. o f Wash., N .B . 85 ASCE 3 0 's 20 -

10 1-28-82 So. o f Dudley, N.B. 100 AREB 2 0 's 5 B
11 1-29-82 East o f A irp o r t ,  E.B. 100 AREB Teen's 20 B
12 1-29-82 Kermore, E.B. 85 ASCE 40' s 20 -

13 2-5-82 So. o f Oak Grove, N.B. 100 AREB 2 0 's 5 B
14 2-5-82 No. of F o r e s t a l ls ,  N.B. 85 ASCE 20' s 20 F
15 2-8-82 Forest H i l l s ,  N.B. 85 ASCE 2 0 's 20 B
16 2-9-82 No. o f Dover, S.B. 100 AREB 20 's 12 B
17 2-18-82 No. o f Oak S t . , N .B . 85 ASCE 2 0 's 15 -

18 2-19-82 Park S t . , S .B . 85 ASCE 20's 18 B
19 2-21-82 No. o f Green S t . , S .B . 85 ASCE 3 0 's 15 -

20 2-25-82 So. o f Harvard, S.B. 100 ARAB 3 0 's 20 C
21 2-26-82 So. o f Haymarket, S.B. 85 ASCE 2 0 's 20 -

22 2-26-82 East o f A r lin g to n , W.B. 85 ASCE 20's 15 -
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SUMMARY OF FAILURES CONTROL COOLED RAIL (C on t in u ed )

NO. DATE LOCATION SIZE <2?TYPE(3)
TEMP
°-F

YEARS IN 
SERVICE

FRACTURE
LOCATION'4 '

23 3-5 -82 No. o f Kendal 1, N.B. 85 ASCE 2 's 1 /8 C
24 3-5-82 No. of Green S t . , N.B. 85 ASCE .2 0 's 12 -

25 3-10-82 East o f Copley, E.B. 85 ASCE 201 s 20 -

26 3-12-82 So. o f Eg leston, S.B. 85 ASCE 4 0 1 s 1/12 -

27 3-16-82 So. o f Broadway, S.B. 85 ASCE 30 's - -

28 3-16-82 No. of South S t a . , S.B. 100 ARAB 4 0 's - C
29 3-23-82 So. o f Charles P o r ta l,  S.B. 85 ASCE 40 's 17 -

30 3-31-82 No. of Park S t a . , S.B. 85 ASCE 4 0 's 20 c
31 3-26-82 Codnan Yard 85 ASCE 40' s 25 -

32 4 -9 -82 No. of Northampton 85 ASCE 5 0 's 20 -

33 4-10-82 East of Aquariim 85 ASCE 40* s 15 “

NOTES:

1. See system map.

2. Rail s ize in  lb . /y d .

3. Rail was procured to AREA m ateria l speci f ic a t i  on fo r  steel ra i Is .

4. B -  F a ilu re  thru b o lt  hole; C -  fa i lu re  thru cable bond; 
F -  fa i lu r e  thru f ie ld  weld.
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LOCATION WNO. DATE

1 9/81
2 9/81
3 10/81
4 10/81
5 11/81
6 1/82
7 10/81
8 9/81
9 12/81
10 -
11 -
12 -
13 -
14 -
15

16 -
17 -
18 -
19 -
20 -
21 -
22 ■ ■ _

DRTX
DRTX
DRTX
DRTX
DRTX
DRTX
DRTX
DRTX
DRTX
Hi-Speed

Hi-Speed



SUMMARY OF .FAILURES
CHROMElV RAIL

■ SIZEJjj
RAIL 

H E !
MONTHS IN FRACTURE
S E M J L L   L0CATI0N(5)

115 AREA 2
2
3
3
4 
6

3 
2

4
5/6

F
F
S

F
F

F
F
S

F
F
S
F
F
F

S
S

115 AREA 5 /6  F
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SUMMARY OF FAILURES -  CHROME (1 * RAIL (C on tin u ed )  Page 2

23 4-16-82 Hi-Speed 115 AREA 3 F
24 4-11-82 3 F
25 4-11-82 3 S
26 4-13-82 4 F

27 5-3-82 Hi-Speed -

28 6-12-82 DRTX 1 /2 F
29 3-4-82 DRTX 115 AREA 2 1/2 C

NOTES:

1. F a ilu re s  involved chrome r a i l  to  chrome r a i l  weld, chrome 
to  control cooled r a i l  weld or a f a i lu r e  in  a'chrome r a i l  
section .

2. See system map, DRTX (Ashnore to, Cambridge), Hi-Speed (Matapdn 
to  Ashnont).

3. Rail s ize  in  lb . /y d .

4. Chrome r a i l  procured to B r it is h  Steel Corp. s p e c if ic a tio n  -  
Itan  7 of Appendix A.

5. C -  F a ilu re  thru cable bond; F -  F a ilu re  thru, f ie ld  weld;
S -- F a ilu re  thru shop weld.



MBTA VEHICLE INFORMATION

LINE ROUTE

VEHICLE WEIGHT 
LB.

NO. OF CARS 
TYPICAL

NO.
OF

AXLESMAXIMUM EMPTY RUSH DAY NITE SAT SUN

Orange . 98,472 68,772 4 4 2 4 2 4
B lu e ' - 90,452 60,752 4 4 2 4 2 4
Red H/A 115,150 71,300 4 4 2 4 2 4

H/Q 95,188 61,728 4 4 2 4 2 4
M/A 58,395 40,195 1 1 1 1 1 4

Green BC/L 104,000 67,000 1 1 1 1 1 6
CC/L. 104,000 67,000 1 1 1 1 1 6
R/NS 104,000 67,000 1 1 1 1 1 6
A/PS 58,395 40,195 . 2 1 1 1 1 4

NOTE: See schedule inform ation fo r route defi ni t i  on
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MBTA SCHEDULE INFORMATION

APPROXIMATE FREQUENCY -  MINUTES

ORANGE LINE
RUSH HOURS 
------- 5---------

DAY
T ~

NIGHT
15

SAT
8 /9

SUN
15

BLUE LINE 4/5 7 /8 11 7 1 /2 /9 7 1 /2 /1 2

RED LINE
Harvard -  Ashmont 6 10 10/15 8/15 15
Harvard -  Quincy 6 10 10/15 8/15 15
Mattapan -  Ashmont 3 8 15 8/15 15/30

GREEN LINE
Boston College -  Lechmere 5/6 7 8 7 8
Cleveland C irc le  -  Lechnere 7 7 1° 7 10
Riverside -  North S tatio n 7 /8 10 10 7 10
Arborway -  Park S tre e t 9 7 10 9 7
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NOTE:' 0 , B, R - - -  G, ------ GR = SECTIONS OF SYSTEM LINES USED IN
0 TABLE 2.1-1

MBTA ROUTE MAP
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NOTE:

TYPICAL MBTA PROCUREMENT 
DATA PACKAGE

Actual contract required to completely de fine  s u p p lie r / 
subcontractor requirements.
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/ MASSACHUSETTS BAY TRANSPORTATION AUTHORITY
* M A TE R IA LS  D E P A R T M E N T

EO Broadway, Everett, M A  0214?

P A G E .

sr'
\
hem
No. Quality

REQUEST FOR PROPOSAL 

292-80N o . C A P  -

MATERIAL (Fully Described)

Delivery
is

Days

Price
per

Unit
Item

Total

c

&JdA
F O R  H E A T  T R E A T E D  R A I L S ;

Chapter 4, Part 2, pp. 4-2-1 through 4-2-6.4;
pp. 4-2-6.7 through 4-5-6.9;and] 
pp. 4-M-5 through 4-M-8.

FOR ALLOY HIGH STRENGTH RAILS:

Chapter 4, Part 2, pp. 4-2-1 through 4-2-6.4;and
pp. 4-2-6.7 through 4-5-6.9.

In addition alloy high strength rails must be 
successfully weldable by any of the above process 
without the development of an undesirable 
percentage of martensite or bainite. Weldment 
criteria must be met as follows:

- Martensite or bainite level must not exceed 5% 
in any field of view at 50x magnification;

- In heat affected zone, the minimum hardness must] 
be no lower than 300 Brinell Hardness; and

- The distance between heat affected zones shall 
not exceed 1*3 inches to 2 inches.

Bidder shall submit chemical composition limits 
with bid proposal.

Also, rails must have been successfully butt 
welded in the United States by both the electric- 
flash and thermite welding processes. Written 
confirmation of satisfactory performance in
track, including location and service period, shall] 
be submitted with the bid proposal.

iT&t

&

Approximately 1413 net tons.

destination
The

. However,

Please quote firm fixed prices F.O.B. 
including all transportation charges.
Authority prefers firm fixed prices, 
the Authority will accept a price escalation 
provision with a ceiling (usually expressed in 
terns of a maximum percentage increase) above whicj 
the price will not escalate.
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6. Construction of the following new special trac/cwork items, 
complete with switch timber on the Dorchester Rapid Transit 
Extension:
a. Three - 150 foot radius turnouts.
b. Two - No. 6 Turnouts.
c. One - No. 6 Double Crossover.
d. Three - No. 6 Crossovers.

7. Replacement and modification of wood platforms and walkways 
north of Codman Yard entrance.

' 4

8. Make necessary steel and/or concrete repairs, patch-paint, 
and waterproof as required on the floor systems of 13 
ballastea-deck track bridges.

9. Application of a soil sterilant and contact herbicide as 
indicated.

1.02 SUBMITTALS
D. Welding

1. Submit, prior to initiation of welding, a detail specifi
cation of proposed method and procedure for welding running, 
restraining, and contact rails. Include name of manufac
turer and manufacturer's requirements and details for the 
following:
a. Rail preparation;
b. Rail spacing and tolerances;
c. Rail alignment;
d. Placing and bolting of molds;
e. Preheating rail, including temperature, method, 

and time;
f. Crucible tapping procedures, including duration of 

weld and cooling time; and
g. Trimming and grinding of weld at red heat.

2. Submit welders' qualification certifications and certified 
laboratory test results for welding tests specified under : 
Article 1.03 herein.

095-101 02850-2A
1981
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weld record of all welds, as specified under Article3.04.C.4.
G. Submit to the Authority for approval an order list of tabulated 

lengths of continuous welded rail to be supplied to the project 
prior to the initiation of welding.

j. The Contractor shall submit manufacturer's drawings, material 
specifications, installation procedure, locations of previous 
installation, length of time in service, guarantee period, and 
other pertinent data relating to the prefabricated concrete 
panels specified herein.

K. Samples»of filter fabric and physical properties relating to 
high strength and toughness, puncture resistance, chemical 
resistance, soil stabilization and methods of installation 
shall also be sumitted for review and approval for use on 
the project.

1.03 QUALITY CONTROL
C. Qualification Thermite and Electric-Flash or Shop Butt Welding

1. Prepare, in accordance with method specifications des
cribed under Article 1.02.D herein, not less than three 
sample thermite and-electric-flash or shop butt welds 
for each type of rail to be used in the work (heat-treated 
and control-cooled).

3. Slow Bend Test
b. Acceptance criteria: minimum of one inch deflection

or 100,000 psi modulus of rupture.
5. Ultrasonic Testing

a. All welds shall be inspected ulrrasonicaliy for inter
nal discontinuities. Five percent of all welds that 
have passed the ultrasonic test shall be selected at 
random by the Authority's Engineer for radiographic 
testing. (Those welds selected shall have the excess 
weld metal on the web and head removed and finished 
to minimal requirements.) All welds replacing those 
not passing the Original tests shall be inspected 
ultrasonically and five percent of the replacement 
welds passing the ultrasonic test shall also be tested 
radiographically. Testing shall be performed prior 
to final track inspection.

b .  R e c o r d  o f  W e l d s .  E a c h  q u a l i f i e d  w e l d e r  w i l l  h a v e  a n  
a l p h a n u m e r i c  s y m b o l  a s s i g n e d  t o  h i m .  T h e  s y m b o l  w i l l  
b e  u s e d  t o  m a r k  a n d  i d e n t i f y  h i s  w o r k .  T h i s  s y m b o l

095-101 02850-3A
1981
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shall not have been used before by any other welder. 
The Contractor will maintain a list of welder iden
tifying marks and the welders to which they are 
assigned which shall be used in the compilation of 
testing reports and for the record of welds as 
specified.

6. Radiographic Testing
a. Radiographic tests shall be conducted in accordance 

with ASTM E142 - "Controlling Quality of Radiographic 
Testing" and ASTM E-94’ - "Recommended Practices for 
Radiographic Testing." Those tests shall detect

« flaws in the welds with sufficient detail to indi
cate any existence of incomplete fusion and the size 
of any defects found in the head, web, or base of 
rail. The testing laboratory shall furnish a radio- 
graphic examination form for each sample weld 
examined. The form shall include the welder's 
identity, the number of the weld, the number of the 
welding machine or thermite process, and shall 
identify the film and the laboratory specialist 
performing the examination.

b. Nondestructive examination of metal welds by radio- 
graphic use of nuclear by-product materials shall
be conducted by a laboratory authorized and licensed 
by the U.S. Nuclear Regulatory Commission, and shall 
comply with all prescribed rules and regulations 
required for such examinations.

F. Testing
1. Third Rail

d. Joints
4) All third rail joints shall be tested both 

mechanically and electrically.
5) Mechanical Testing

When cooled to normal temperature, the rail 
joint shall withstand jacking or lifting to 
5 inches above its normal position. Where rail 
strings are sitting on the ties, this shall mean 
lifting 5 inches from the tie position. Where 
the rail strings are already on insulators, this 
shall mean lifting 5 inches above the normal 
level the rail would have on the insulators.
The lifting may be accomplished by a jack 
placed under the weld or by lifting cable 
around the weld and the suitable hoisting 
device.

A - l  2
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6) Resistance Testing
a) Electrical resistance of the finished 

joint shall be measured using a 36 inch 
gauge length. The gauge shall be applied 
so that the weld is at the center on
18 inch point. The resistance measured 
across a weld shall be a maximum of 110 
percent of the resistance of 36 inches of 
rail without a joint. The checks of the 
36 inch rail should be made on either 
side of the joint and on both rails as 
there may be variations on the resistivity 
of individual rail sections.

b) Instruments: Instrumentation for the
electrical resistance test shall be either 
a direct reading low resistance ohm-meter 
using at least a 100 amp dc power supply, 
or a suitable arrangement of ammeter and 
milli-volt meter with a dc power supply. 
Should milli-volt meter, ammeter system be 
used, simultaneous readings of ammeter and 
milli-volt meter should be taken to assure 
that any fluctuation in current will not 
adversely affect the accuracy of the milli
volt meter readings. A dc welding generator 
is a recommended power supply.

PART 2 - PRODUCTS

2.01 MATERIALS
A. Soil sterilant and contact herbicide approved by the Authority 

and the Massachusetts State Pesticide Beard.
B. Crushed stone shall conform to A.R.E.A. Specifications, Chapter

1, Part 2, Pages 1-2-1 through 1-2-4. Gradation: A.R.E.A..
Size No. 4 for track construction and Size No. 5 for small 
stone under prefabricated concrete crossing edge beams.

C. Timber Ties
1. Ties shall be manufactured from mixed hardwoods as shown 

in the A.R.E.A. Specifications, Chapter 3, Part 1,
Article 1.1.6.4., Group Ta.

2. Dimensions .
a. Standard cross ties: seven inches deep, nine inches 

wide and eight feet, six inches long and eight feet, 
zero inches long.

095-101
1981
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52.1.1 Heat-treated rails may be hot stamped with letters C T  in the web 
ahead of the heat number.

52.1.2 All heat-treated rails shall be paint-marked orange.
S3. Standard Length Variations

53.1 Rails may be furnished in miscellaneous lengths between the 1 ft incre
ments established in 10.2. Rails may be applied in the maximum length at which 
ends can be properly prepared.

53.2 Under the arrangement of S3.1 the provisions of 10.3 shall be waived for 
other than the#39-ft lengths. Lengths 3S ft and under shall be considered as shorts 
and subject to the specified limitations.

’SPECIFICATIONS FOR FABRICATION OF CONTINUOUS 
WELDED RAIL

1967

(Adopted 1967)

Scope. The requirements recommended herein are intended for use only in the 
fabrication of continuous welded rail and are not intended for use in the acceptance 
or rejection of rails from the mills. New rail shall be in accordance with the latest 
issue of the AREA Specifications for Steel Rails, Part 2, this Chapter.

1. All rail delivered to the welding plant should be examined prior to welding. Rails 
having vertical or horizontal misaliDemcnt in the last 4 ft of the rail in excess of 
0.030 iD per ft tangential deviation measured with a straightedge should be rejected. 
(Figures 1, 2 and 3)

2. Alinement of rail in the welding machine should be done on the head of the rail.
(a) Vertical aiinement should provide for a fiat running surface. Any difference 

of height of the rails should be in the base.
(b) Horizontal aliDement should be done in such a manner that any difference in 

the width of beads of rails should be divided equally on both sides of the head. 
Where the difference when divided exceeds 0.040 in aod the gage side is pre
determined, it may be desirable to aline this side of the bead, allowing any 
difference in the width of heads to occur on the field side.

•'c) Horiaon— l offsets should not exceed 0.040 in. in the head and/cr 0.125 in. 
in the has*.

3. Surface Misalinement Tolerance (Figures 4 and 5):
(a) Combined Vertical Offset and Crown Camber should not exceed 0.040 in/ft at 

600 deg F or less.
(b) Combined Vertical Offset and Dip Camber should Dot exceed 0.010 iu/ft at 

600 deg F or less.
4. Gage Misalinement Tolerance (Fig, 6):

(a) Combined Horizontal Offset and Horizontal Kink Camber should not exceed 
0.040 in/it at 600 deg F or less.

Amer i can  Ra i l wa y  En g i n e e r i n g  As s oc i a t i on  <-2-6.1

1 References, Vo!. 68, 1967, p. 368.1 test pate consist; 6.1 to 6.4. incl., (1967).
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S. A finishing deviation of Dot more Lban plus or minus 0.005 in of Lbe parent section 
of the rail head surface should be allowed.

. 6. The sides of the rail bead should be finished to plus or minus 0.010 in of the 
parent section. The bottom of rail base should be finished to within 0.010 in of the 
lowest rail.

7. The web rone (underside of head, web, top of base, both fillets each side), shall 
be finished to within in of parent contour or closer but should not be deeper 
than parent section. Finishing should eliminate all cracks.

S. All notches created by offset conditions or twisted rails should be eliminated by 
grinding to blend the variations.

9. All fins on the weld due to grinding drag should be removed prior to final 
inspection.

10. All welds giving fault indication in magnetic particle inspection shall be cut out, 
repaired, or protected by joint bars.

11. AH rails used for electric-fiash butt welds should have the scale removed down to 
bright metal in those end zones, top and bottom of the rails, where the welding 
current-carrying electrodes contact on bead and base of rail. The weld and adjacent 
rail for a distance clearing the electrodes should be rejected if in the areas of 
electrode contact there is not more that) 95 percent of the mill scale removed.

12. All electric-flash butt welds should be forged to point of refusal to further plastic 
deformation and ha\e a minimum upset cf Yt in, with in as standard.

13. If flashing on electric-flash butt welds is interrupted because of malfunctiou or 
external reason, with less than Y* in of flashing distance remaining before upsetting, 
rails should be redamped in machine and flashing initiated again.

14. Whenever the finishing process involves heavy grinding which is done immediately 
following welding to prevent metallurgical damage, this heavy grinding should 
always be completed at the normally high temperature whenever a production line 
is interrupted for any reason.

15. Where jagged, notched or badly mismatched cuts are made by cutting torch on 
rails for electric-flash butt welding, the mismatched end faces should be pre- 
fiathed to an even or mated condition before setting up rails for preheating and 
final flashing to assure that the entire surfaces of rail ends are uniformly flashing 
immediately preceding upsetting.

16. It is recommended that a straightening press be included in a welding production 
line to help achieve or improve upon the alinement tolerances of items 2. 3 ai:d 4.

1967
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i c r i c i n  Ra i l way  En g i n e e r i n g  As s oc i a t i on

i e e r i nE n g i n ( ing Division, A A R

‘INSPECTION AND CLASSIFICATION OF SECONDHAND 
RAIL FOR WELDING

1969

(Adopted 1969)

A  field inspection should be made while the rail is in service, and all rails 
containing severe engine driver burns, anchor nicks, excessive wear on the rail base 
or other visiblê fiaws should be rejected for welding. It is recommended that a rail 
flaw detector car inspect the rail immediately preceding the rail recovery, with no 
more than 60 days maximum intervening.

Some railroads may choose to pick up rail out-of-face, while others may 
choose to pick it up in two or more phases. It is recommended that the rail selected 
for welding be picked up in such a manner that the rail wear pattern in the C W R  
string will remain approximately the same as it was in original sendee. One method 
to keep the rails in an orderly manner with respect to their wear patterns is' to 
mark the north or west rail 2-4-6 etc., and the opposite rail 1-3-5 etc.

Some railroads remove jointed rail in quarter mile sections, then upon arrival 
at the welding plant the joint bars are removed. Joint bars, bolts and washers may 
be salvaged as repair material or the rail may be cropped without removing the 
joint bars. Ir. the latter case, the two short pieces of rail, bars, bolts and washers 
are scrapped as a unit. The rail is carefully inspected after cropping, and rail not 
suitable for welding is removed. However, some engine driver bums are oxyacetylene 
welded to upgrade the rail.

When the rail arrives at the welding site, a qualified rail inspector should care
fully inspect the rail for head wear, corrosion, base wear, sweeps, kinks or any 
other defect that may have escaped detection in the previous inspection. Rail for 
each C W R  string must be matched to have the same height and width of head 
within fs in.

It is recommended that the rail be stored straight and level on a firm base and 
each tier stripped in four places.

The following restrictions are recommended:
1. Minimum rail length should be 27 it after cropping
2. Excess oils, gTease, tars, etc., must be removed from the rail before 

welding.
3. Non-control-cooled and control-cooled rail should be welded separately.
4. Maximum head flew should be U in on each side of the rail if shears are 

used to remove the upset metal.
5. Grade crossing rails must be free of corrosion or rejected for welding 

except for yards or similar tracks.
6. Bolt holes and bond holes must he eliminated by cropping.
7. After cropping, both ends of the rail should be inspected for piped 

condition.
1 References, Vol. 70, 1969, p. 437.
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Re c o m m e n d e d  R ail C hadinc C lassifications

R ill.
Weight

Kay'-Tii Hail 
Toa

Vrec.- -Inches 
Gate General Rail Use &• H a ll Condition

Class I *
h o iA 1/2 Main Line use -  Very minor engine

132-131 3/16 1/2
. 122 5/32 7/16 burns and corrugation.

115 1/8 3/8
112 1/8 1/4
100 1/8 1/8
90 1/8 1/8

£ U » -X I
HO 3/8 3/4 Branch Lines •■ Snail engine burns

132-131 5/16 3/4
122 5/16 . 3/4 and corrugation.
115 5/16 3/4
112 5/16 1/2
100 3/16 1/4
90 1/4 3/16 <

CJass T il

HO 5/8 7/8
132-131 7/16 7/8

122 1/2 7/8 Light Branch Lines -  Medium engine
115 3/8 3/4
112 3/8 3/4 burns and corrugation, nay be
100 1/4 1/4

90 5/16 5/16 pitted and show some oxidation
Class TV

HO 3/4 1 Tards.
132-131 9/16 1

122 11/16 1 4ny burns not mashed or fractured.
lt5 1/2 7/8
112 1/2 7/8
100 7/16 7/8
90 3/8 3/8
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Amer i c an  Ra i l way  En g i n e e r i n g  As s oc i a t i on 4-2-6.7

T H E R M I T E  W E L D I N G — RAIL JOINTS 

1971
(Adopted 1971)

G E N E R A L
The A S M  Handbook and Webster define thermite, thermit- reaction and ther

mite welding as follows:
T hermite— A  mixture of finely divided aluminum with an oxide of iron or other 

metal.
T h e rmite R eaction-— Strongly exothermic self-propagating reaction where finely 

divided aluminum reacts with a metal oxide. A  proper mixture of aluminum 
and iron oxide produces sufficient heat to weld steel.

T h e r m i t e W elding— W elding with heat produced by the reaction of aluminum 
with a metal oxide. Filler metal is obtained from the reduction of the appro
priate oxide.
When ignited, the reaction within the thermite mixture develops a temperature 

approaching 5000 F and produces a filler metal of about 3500 F which, when in
troduced into a gap between the rails, welds or fuses the ends together. The reac
tion metal is generally iron which has been enriched with alloys to produce a filler 
metal assimilating the characteristics of the rail steel being welded.

In all aluminothermic or thermite welding processes, the reaction takes place 
in a separate crucible or in a reaction chamber integral with the mold. When 
complete, the resultant metal is tapped, either manually as in the European proc
esses, or is self-tapping as in the United States processes, into disposable prefabri
cated molds properly placed over the opening between the rail ends previously 
prepared for the butt welding.

Preheating, an important part of thermite welding, is applied differently by 
the various rail welding processes available today. Separate preheating equipment, 
operated independent of the reaction crucible, along xvith accessory clamps, etc., is 
common to the foreign developed systems, w'-'le United States processes employ 
shell melds, in one case urovided with an exothermic binder in the mold to be con
sumed as the preheater, while in another case the preheat is supplied by an initial 
portion of the filler metal washing the rail end faces as it passes through the joint 
gap to a sump provided in the mold beneath the base of the rails to be welded.

Small hand tools, luting material, and cutting and grinding equipment -are 
required with all processes.

W E L D I N G
The basic requirements for thermite welds are:

1. Remove moisture and all foreign substances such as dirt, grease, loose 
oxide, slag, etc., from the weld area.

J References, V o l. 7 2 . 1971 , p. 157.
1 Latest pise consist: 6 . 7  to 6 .9 . incL, OS7I).
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4—2-6.8 Rail

2. Align rail ends properly. Joint gap and lateral and vertical positioning of 
the ends are very important.

3. Apply mold in exact location o'er rail gap and properly seal.
4. Follow. detailed instructions of the qualified thermite process without 

deviation.
' 3. It is assumed that flotation of impurities in the crucible and the mold,

and proper gating and feeding, are provided for in the equipment and 
instructions supplied with the thermite package.

Following are minimum requirements for quality welds, good track alignment 
through the weld, and satisfactory riding characteristics over the welded joint:

1. The rail end faces should be square to the running surface of the rail. 
In order to obtain this condition, the rail should be properly aligned 
first if the gap is to be cut in track, or pre-cut square rail ends should 
be properly aligned and spaced.

2. The gap between the rail end faces should be between 56 inch and 1 
inch, depending on the welding process and rail section involved.

3. The joint gap may be either flame, saw, or abrasive-disc cut Flame 
cuts should be reasonably smooth. A precaution should be observed in 
the case cf flame cutting in that the weld should be-made within an 
hour in order to prevent deep thermal cracks from forming on the 
flame-cut rail end faces.

4. All burrs should be removed from the cut rail ends at the joint gap, all 
fins and head metal flow in relayer rail ground away, and loose oxides 
and foreign material removed from the weld area surfaces for at least 
5 inches back from the ends of the rads. This permits close fitting of the 
molds and reduces contamination of the weld.

а. Sufficient preheat to promote good fusion is desirable. Preheating strictly 
to prescribed times is desirable. Preheating may be accomplished with a 
propane-oxygen flame, a generated gas flame, a higher temperature filler 
metal, or by the initial filler metal passing over the rail end faces into 
a sump.

б. The p-efahricated melds used in any cf the pre cesses should be cen
tered exactly with the center of the rail gap.

7. "The luring or sealing of the molds to the rail should be performed with 
care so that the luting material is not introduced into the weld 
chamber. It has been found practical and economical to use car and 
locomotive sand mixed with western bentonite at a proportion of 4:1 
with a minimum of moisture in the mixture. The sand specification is 
A A R  M-916-51.

5. The crucible or reaction chamber should be dry and clean at all times.
9. In the case of the processes in which the filler material is tapped manu

ally, it is desirable that tire metal should Dot be tapped until the reac
tion is completed and the slag has separated from the filler metal.

10. After the molds have been removed, the excess weld metal should be 
chiseled off and ground to match the rail contour, at least on the top
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and sides of the head. At no time is it permissible to use a cutting torch 
to perform the above operation.

11. The use of X-ray or ultrasonic equipment to evaluate the quality and 
soundness of the completed weld is recommended.

In order to cope with all possible conditions which may be encountered when 
welding joints in connection with rail laying operations, the use of a hydraulic jack 
is recommended. The jack is installed after the rail is aligned and before a gap is 
cut, if nec«ssary. The jack will protect the weld against sudden atmospheric changes 
and hold the gap in rail which may have been heated to provide a median rail 
laying temperature. The jack tension rods should be protected against higher ambient 
temperatures caused by the preheating or crucible reaction.
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4—2—6-10 A R E A  M a n u a l  for Railway Engineering

’R E C O M M E N D E D  FIELD REPAIRS T O  PRESSURE 
B UTT W E L D  FAILURES

1973

(Adopted 1973)

The following procedure is based on providing a proper rail temperature 
adjustment in accordance with local established requirements.

1. Repair by cutting in a short section of rail with the appb'cation of standard 
joint bars:
(a) Determine if a C W R  temperature adjustment is necessary by consulting 

rail la ying temperature records and other track condition data that may be 
available as a result of past track inspections or experiences.

(b) If necessary, proceed with the adjustment in accordance with standard 
practice.

(c) Promptly secure the C W R  ends to present further movement. It is rec
ommended that additional rail anchors be applied to the C W R  ends for a sufficient 
distance to protect against rail-end movement in either direction.

(d) Saw cut the CWR. or fiame cut if approved, on each side of the failed 
weld to obtain an opening for a short section of rail. It is recommended tliac the 
short rail be one-half the standard rail length to 33 ft long or at least 3 ft shorter 
than the standard length. If fiame cut. the cut should be reasonably smooth. Smooth 
by polish grinding if necessary.

(e) Cut a rail to the desired length.
'(f) Bevel all cut rail ends.
(g) Promptly place the short rail into the opening and spike it in place.
(h) Drill bolt holes of standard size. It is recommended that a templet be 

used to inscribe the bolt hole locations. Drilling through the joint bar holes is not 
recommended.

(i) Dress the edges of the bolt holes in accordance with standard practice
(j) Install standard joint bars fully bolted. ,
(k) Adjust the rail anchor pattern to conform with standard practice.
(l) If in track circuit territory, install any necessary bond or connection 

wires.
(m' 'n a stretch of r:ew rail, if tre rai' surface has not been sufficient!) 

work hardened, it is recommended that all cut rail ends be end hardened aL.this 
time.

2. Repair by cutting in a short section of rail and thermite welding the rail ends:
(a) Proceed as outlined in paragraphs (a) through (e) above, except it is 

recommended that the short rail be at least 10 ft long or longer, preferably one-half 
the standard rail length.

(b) Promptly place tbe short rail into the opening, spiking it in place.
(c) Line up the rail ends to match, and block or wedge rail ends on each side 

of the joint sufficiently to maintain a good match for thermite welding.

* References, Vo!. 74 , 19 73 , p . 14S.
* p * g e  c o n s i s t :  6 . JO  *n c  6 . J J  ( I 9 7 J J .
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(d) Proceed with thermite welding in accordance with standard practice. (See 
Thermite Welding— Rail Joints, Chapter 4 of the Manual, covering minimum 
requirements for mating quality welds, good track alignment through the weld and 
satisfactory riding characteristics for thermite welded joints.)

(e) In cutting the opening for the short rail, the rail ends (joints) should fall 
in the center of a tie crib and/or ties moved as necessary for the free unobstructed 
application of the thermite weld mold.

(f) Adjust the rail anchor pattern to conform with standard practice.
(g) If in track circuit territory, install any necessary connection wires.
(h) If « CW'R adjustment has been made or is not necessary but conditions

do not permit thermite welding at the time, then drill the rail ends for the temporary 
use of standard joiDt bars with the exception of the first bolt holes of the rail ends. 
Omitting these holes will permit thermite welding later without further rail change. 
Adjust the rail anchor pattern to conform with standard practice for buffer rail. 
Follow with thermite welding as promptly as conditions permit

If a CW'R adjustment is necessary but conditions do not permit it at the time, 
it is recommended that thermite welding be postponed. Cut in a short plug rail of 
approved length. Drill all rail ends for the application of fully bolted standard joint 
bars. Adjust the rail anchor pattern to conform with standard practice for buffer
rail. Follow with CW'R adjustment and thermite welding as promptly as conditions
permit.

General
(a) Before proceeding with repairs, thoroughly inspect the C W ’R and track 

condition for a sufficient distance to determine general track and rail condition, rail 
anchor performance, ballast condition, track alignment, rail tension or compression, 
etc. Any condition found warranting correction should be corrected at that time 
or the necessary safeguards taken to provide for the safe movement of trains until 
it is corrected.
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British S tee l Corporation Inc. 
Dresser Tower 
601 Jefferson 
HOusloni. Texas 77002

C. C.. \S. /-. CtJAl

T k .  £>y C.r

Telephone: 713-659-iOOOi 
domestic Telex— 775 298

Tf*

30 A p r i l  1981

Mr. E d  T u m u l t y  
M a n a g e r ,  C a p i t a l  P r o c u r e m e n t  
M a s s a c h u s e t t s  B a y  T r a n s p o r t a t i o n  A u t h o r i t y  
M a t e r i a l s  D e p a r t m e n t  '
80 B r o a d w a y  
E v e r e t t ,  M A  02149

RE: F o r m a l  C o n t r a c t  No. 180- U M T A
P r o j e c t  No. K A - 03-0057 
B S C  O r d e r  No. 73874 C F

G e n t l e m e n ,

W e  w o u l d  d r a w  y o u r  a t t e n t i o n  to the a b o v e  m e n t i o n e d  c o n t r a c t .  '

T h e  m i l l  a d v i s e  that the v e s s e l ,  " T h e  M e l t o n  C h a l l e n g e r "  s a i l e d  on F r i d a y ,  the 
24th o f  A p r i l .  T h e y  also a d v i s e  that t h e - v e s s e l  w i l l  call at F i v e  Islands, 
N o v a  S c o tia, Canada, b e f o r e  s a i l i n g  for Boston. T h e  v e s s e l  is d u e  into F i v e  
I s l a n d s  o h  the 5th o f  M a y  w h i c h  w o u l d  i n d i c a t e  that a r r i v a l  in B o s t o n  w i l l  
p r o b a b l y  b e  e i t h e r  the 8th o r  9th of May. W e  w i l l ,  o f  c o u rse, keep y o u  f u l l y  
i n f o r m e d  o n  the v e s s e l ' s  p r o g r e s s .

P l e a s e  find e n c l o s e d  a c o p y  o f  the t e s t  c e r t i f i c a t e s  c o v e r i n g  the e n t i r e  s h i o -  
r.ent. Vie c r u s t  that t h i s  m e e t s  w i t h  y o u r  a p p r o v a l ,  h o w e v e r ,  s h ould t here be 
a n y  q u e s t i o n s  p l e a s e  d o  n o t  h e s i t a t e  to c o n t a c t  us.

Y o u r s  s i n c e r e l y ,

AB/lara
E n c l o s u r e s

cc: Mr. T. J. M u r r a y

r e c e i v e d

TRACK IMPROVEMENT PROGRAM
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jS Day. Workington, Cumbria, CA14 5AE 
-■ulionc 0000 • 4321. Tulex GA147

T E S T  C E R T IF IC A T E

)E FOR
u s e  INC (MDTA) ON’ 115 R E  F D  R A I L S  1 # C H R O M I U M  Q U A L I T Y  

"CONTROLtED~COOL"LNG— Al’l’L'l Kl)----------- — ------------- ----------
O / N O .  73876 C F

DATE
22 A pril 1981

a n a l y s i s FALLING WEIGHT TEST • TENSILE t e s t ; 1
* Wt. Tonnes Dearer 1

•
1 *

c. Si. S. P. Mn. Cr DUN,

1st
___ m

2nd
m

aid
_m Tesl
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N/inin*

. Max. 
Stress 
N/nun'

%
Elong
%r

Redol
Area
V

! REMARK

. •
Dei in
mm.

Dei. in
inm.

Del. in
mm.

. .

T U H 750 Tirra- . n j r .50
_L.2 Q _

1 . 2 0

.95
_ U 2 5 -

1 . 1 6

3 ll
■\RR 6 2 K

.735 .35* . 0 3 0 . 0 2 5 3 3  J i '■ ... 52 K
, 7 1 0 . 3 2 .026 . 0 3 0 1 . 2 0 1.06 331-

* 1 <

735.
.755

- T 2 * 0 3 2 __
. 0 2 7

JLL3-
.028

1 . 1 0 1 . 0 5 - 3 3 1 —
. 2 6 1.07 1.16 361 ■

.725 .30 . 0 3 1 . 0 1 6 1.03 1 . 0 6 331 1

^ 2 5 5 - * U 3 0 “ ..QIC.. .1.09 . 1.05 _ 3 3 i _ • .
—

.735 .25 . 0 3 0 . 0 1 0 .93 1 . 0 1 3 2 1 , 5 0 *  ‘

.710 .33 . 0 3 0 . 0 2  6 .96 1 . 0 6 331 ■

.755 .29 .025 . 0 2 1 1 . 1 2 1.25 331 ■ , .
' 1 i !' 1 L

.715 . 2 6 . 0 2 6 . 0 2 1 1.03 1.09 3 2 1 ’ : •

. 7 2 0 .33 .025 .026 1 . 1 1 1 . 1 1 3 2 1 ’

_ J 2 5 •31 .030 .023 1 . 1 0 1 . 1 0 331 , •
.725 .2 9 : .0 2 6 “ . 0 2 3 1 . 1 0 1.15 3 2 1 i • 1

. 7 6 0 .37 .036 ,023 .99' 1.09 3 6 1 * » !

A L L  1AILS.1 m u s i MICilL jY  TliS 1720
*

•

llEPftl SENTI1 G 1271 TONNES 11 *■

lied by. (Cliicl Chemist) Tested on behalf of the above hv :; la ifii* mnti*nri» ill



QUESTIONNAIRE

RAIL PULL APART INVESTIGATION

Have you experienced a recent increase in  the ra te  of pu ll ap art 
f a i 1ures?

I f  ye s , what has been the ra te  increase and describe any predominant 
fa c to r  associated w ith the fa ilu re s ?

I f  no, what ra te  is  considered ty p ic a l,  and is  there a predominant char
a c te r is t ic ,  and what is  it?

What type o f r a i l  m a te r ia l/s u p p lie r  do you use?

What s izes and sp ec ifica tio n s  do you use to  procure the ra il?

What shop weld and/or f ie ld  weld processes and suppliers do you use?

What s p e c if ic a tio n s , requirements, or q u a lity  control procedures fo r  
incoming m a te ria ls  so you use?

Do you use the same processes fo r  welding high chrome to high chrcme, 
high chrcme to  co n tro lled  cooled and c o n tro lled  cooled to  co n tro lled  
cooled? I f  no, what are the d ifferences?



9. What cable attachment method and suppliers do yoU use?

10. is  the ioCatiph, of /cab le ,wi th ,re s p e c t to the r a i l  contro lled?  I f  yes j 
where on the r a i i  is  i t  attached.

t1.,

i l .  What process contro ls or procedures do ydii use fo r  f i l l 'd  welding?

1 2 . crew c e r t i f ic a t io n  or t ra ih in g  retirem ents ido ydu use?

13. what Weld' fac to rs  do you Consider c r i t ic a l?

14. What inspection  hequiraiients do jfoii Use?

i f i . . Bo .^ou Use aiiy peHodib inspection  procedure? I f  yes, what do yo Use 
and how Often?

NOTE: Please use add itional space fo r  re p lie s  as necessary fo r  a complete
answer.

A-29



LIST OF TRANSIT PROPERTIES AND RAILROADS 
CONTACTED DURING THE RAIL PULL APART INVESTIGATION

Chicago T ra n s it  A uthority  
Mr. T . L . Wolgemuth
Manager, F a c i l i t ie s  Engineering and Maintenance 
Engi neeri ng Department
P. 0 . Box 3555 
Chicago, IL 60654

G reater Cleveland Regional T ra n s it A uthority  
Mr. C. S. Cross
Superintendent of Rail Operations 
615 Superior Avenue, NW 
Cleveland, OH 44113

New York C ity  T ra n s it A uthority  
Mr. C. Kalkhof
V ice President and General Manager, Rapid T ra n s it  
370 Jay S tre e t 
Brooklyn, NY 11201

Port A u th o rity  o f Allegheny County 
Mr. E. A. T o tin , J r .
F a c i l i t ie s  Engineer 
Maintenance Department 
Beaver and Island Avenues 
P itts b u rg h , PA 15233

Southeast Pennsylvania Transportation A uthority  
Mr. C. L. Stanford  
C hief Engineer -  CTD 
200 Wyoming Avenue 
P h ila d e lp h ia , PA 19140

Boston and Maine Corporation 
Mr. V. R. T e r r i l l  '
Vice P res id ent, Engineering 
No. B i l le r ic a ,  MA 01862

Canadian P a c if ic ,  Ltd.
Mr. J . Fox 
C hief Engineer 
P. 0 . Box 6042, S ta. A 
M ontreal, PQ H3C 3E4 Canada

Quebec North Shore and Labrador Railway Company 
Mr. T . McElroy
Superintendent, Maintenance o f Way
P. 0 . Box 1000
Sept. l ie s  PQ GAR 4L5 Canada



LIST OF TRANSIT PROPERTIES AND RAILRQARS
CO^TACTpp DRRING THE RAIL PjJLL APART INVESTIGATION (Continued)

Sap Manuel Ar i zona R* R* Company 
R. E l l io t  ' 

Superintendent 
Pi 0 ‘. pox 'M '
San Pjanpe], AZ 35(531



APPENDIX B

TEST DATA OBTAINED DURING LABORATORY 
PHASE OF THE INVESTIGATION

PAGE NO.

1. Results o f Visual Examination o f F a il Rail Samples......... ....................... . .B - l

2 . Load-D eflection  Curves -  Slow Bend Tests.................................... ........................B - l3

3 . Hardness Data -  Test W e ld s . . . . ......... ........................................... ............................ B - l6

4 . Temperature Data -  Test Welds..............................................    B-25
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RESULTS OF VISUAL EXAMINATION OF 
FAILED RAIL SAMPLES

B-l



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO. ■ /  A  a
RAIL. TYPE. ....- ..

FRACTURE APPEARANCE

<C-Al - Q ja.y-rg^
FAILURE LOCATION 
TYPE OF W E L D
% UNFUSED METAL 3 c ^ b
PROBABLE CAUSE OF'FAILURE L - V o k L  c Tf " 
COMMENTS:

GAP USED

t-tA^yCatJ i4rT ~ .rf e » p T V b ^  o p

B-2



MBTA RAIL FAILURE INVESTIGATION

B-3



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO.RAIL TYPE'

AILURE LOCATION 
TYPE OF W E L D —c A l q j m t s
% UNFUSED M E TAL M A -
PROBABLE CAUSE OF' ''FAILURE t A  -  w ?  
COMMENTS:

GAP USED *%J

S u M O & l r  T O  1 M

B-4



MBTA RAIL FAILURE.INVESTIGATION

SPECIMEN NO. ____ A . b
RAIL TYPE / /  ....... -

FRAC T U R E  APPEARANCE

FAILURE LOCATION
TYPE OF W E L D  C A L n G S T ? ,  GAP USED
% UNFUSED M ETAL 'J S T - 7T O  7 o  ------------------
PROBABLE C A U S E-OF"FAILURE LA czk: p - p

COMMENTS i LJ)~fc>\ A-TiL-S |?fcS»S rfe,C£. 'B’& A  CTL-gu



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO,RAIL TYPE

FRACTURE APPEARANCE

FAILURE LOCATION 
TYPE OF W E L D  
% UNFUSED METAL

V J & u b ___________
T r t » B - i n - i - r GAP USED

PROBABLE CAUSE OF 'FAILURE % i_Y> Q (JLT~ . _  ______
C O M M E N T S '5 'LAl- l UG, 6 P  W V Q U b  AcT~ l o l l  f



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO. _____ _ _ ______
RAIL TYPE / / J = T ^  '

FRACTURE APPEARANCE

FAILURE LOCATION 
TYPE OF W E L D

' B i a s

GAP USED
% UNFUSED METAL 
PROBABLE CAUSE OF T A I L U R B  Q  
COMMENTS

B-7



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO.RAIL TYPE A + &

FRACTURE APPEARANCE

FAILURE LOCATION
TYPE OF WELD GAP USED
% UNFUSED METAL : :--------------------------
PROBABLE 
COMMENTS:

CAUSE O F T A 1LURE p y f e G L  ' e g "  -

B-8



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO.RAIL TYPE '

/!S ’

FRACTURE A P P EARANCE

FAILURE LOCATION
W TYPE OF W E L D  G A P  USED

% U N F U S E D  METAL
PROEABLE CAUSE OF FAILURE : _ . y
COMMENTS: ' f e o f e .  ~ T O  2>/.7>Vflr~

ge-ZA/t*- g c / g  Pucct.2) O F F .  /
B -9



MBTA RAIL FAILURE INVESTIGATION

■ SPECIMEN NO.RAIL TYPE .

-  U S ' #
A.

FAILURE LOCATION U j £ U T >
TYPE OF W E L D  
% UNFUSED METAL 
PROBABLE CAUSE O F T A I l UR 
COMMENTS:

, o
GAP USED

o p  T = u < . i o i Q  \ A O S f e

B-l 0



MBTA RAIL FAILURE INVESTIGATION

SPECIMEN NO.RAIL TYPE M.

FRACTURE A P PEARANCE

FAILURE LOCATION 
'TYPE OF WELD
CP UNFUSED METAL 
PROBABLE CAUSE OF FAILUR 
COMMENTS: 'Poyg,,

£fo\ J c
C L A c t

GAP USED

LAc.bC F u - S i c . ^  C S.oTgAi-^ ~te. UV-y g
~TPR.tZrH— tVS^tS.ArC.t — iRgg 7 7

B-n



MBTA RAIL FAILURE INVESTIGATION

FAILURE LOCATION' 
TYPE OF WELD
% UNFUSED METAL 
PROBABLE CAUSE OF 
COMMENTS

l d & u >
C A C O O J T S :

T a il iS
GAP USED

C M .  P - U a f t t a K i  A f$ A S L  ® F  U j £ &



LOAD-DEFLECTION CURVES 
SLOW BEND TESTS
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HARDNESS DATA FROM 
TEST WELDS
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TYPICAL TEMPERATURE DECAY 
OF TEST WELDS
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ULTRASONIC N D I PROCEDURE

BOSTON RAPID TRANSIT SYSTEM RAILROAD R AIL IN VESTIG ATIO N  

INSPECTION OF RAILROAD R A IL  WELDS

Summary

An N D I m ethod was r e q u ir e d  to  d e te rm in e  th e  m a t e r ia l  I n t e g r i t y  o f  
th e  C a lo r i t e  and T h e r m ite  w e ld m e n ts  in  r a i l r o a d  r a i l s .  A c o n ta c t  
u l t r a s o n i c  a n g le b e a m /s h e a rw a v e  in s p e c t io n  te c h n iq u e  was d e v e lo p e d  
to  m eet t h is  re q u ire m e n t f o r  in -h o u s e  in s p e c t io n s .  The te c h n iq u e  
r e q u ir e s  o f f - t h e - s h e l f  u l t r a s o n i c  t e s t  eq u ip m en t and a t r a n s d u c e r  
w it h  a  4 5 °  p le x ig la s  r e f r a c t i n g  w edge- F o r c a l i b r a t i o n  p u rp o ses  
a  r e f e r e n c e  s ta n d a rd  was d e v e lo p e d  W ith  th e  r e f e r e n c e  f l a w  h a v in g  
d im e n s io n s  o f  0 .5 "  lo n g  x  0 .0 5 0 "  w id e .x  0 .1 2 5 "  deep (F ig u r e  2 ) .

The a t ta c h e d  p ro c e d u re  d e s c r ib e s  th e  te c h n iq u e  w i t h  an  e n c lo s e d  
t a b le  (T a b le  1) show ing r e s u l t s  d e te rm in e d  fro m  th e  in s p e c t io n s  
p e rfo rm e d  on t e s t  w e ld s . A d a ta  s h e e t  (F ig u r e  3 )  was a ls o  used  
to  r e c o rd  r e s u l t s  o f  each  in s p e c t io n .

PREPARED BY: APPROVED BY:
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1 . 0  INTRODUCTION

The B o s to n  R a p id  T r a n s i t  S y s te m 's  t r a c k s  a r e  fo rm e d  by w e ld in g  s e c t io n s  
o f  r a i l r o a d  r a i l s  t o g e t h e r .  S e a s o n a l te m p e r a tu r e  ch ang es  c a u s e  th e  t r a c k s  
to  expand  and c o n t r a c t .  T h is  c o n s ta n t  e x p a n s io n  and c o n t r a c t io n  in d u c e s  
s t r e s s e s  in t o  t h e  w eldm ents  o f  t h e  r a i l s .  I n i t i a l  d e s ig n s  com pensated  
f o r  t h e  s t r e s s e s  in v o lv e d .  V o u g h t E n g in e e r in g  has been aw arded  a c o n t r a c t  
to  i n v e s t i g a t e  th e  p ro b lem  and d e v e lo p  w e ld in g  p ro c e d u re s  t h a t  a r e  a p p l i 
c a b le  to  b o th  h o t and c o ld  w e a th e r . The i n v e s t i g a t io n  i s  b e in g  c o n d u c te d  
w i t h  s e c t io n s  o f  s ta n d a rd  r a i l s  u s in g  s ta n d a rd  f i e l d  w e ld in g  te c h n iq u e s .

To d a t e  s e v e r a l  r a i l s  have been w e ld e d , w i t h  e a c h  w e ld  h a v in g  i n d i v i d u a l  
p ro c e s s in g  c h a r a c t e r i s t i c s .  A f t e r  e a c h  w e ld  had been f a b r i c a t e d  and  
s c a le  re m o v e d , t h e  NDT Lab  was th e n  re q u e s te d  to  p r o v id e  u l t r a s o n i c  d a ta  
i n  a n  e f f o r t  to  d e te rm in e  th e  i n t e g r i t y  o f  th e  w e ld . E ach  r a i l  was th e n  
s u b je c te d  t o  d e s t r u c t i v e  t e s t s  to  d e te rm in e  w e ld  s t r e n g t h .

2 . 0  EQUIPMENT AND STANDARDS

A K ra u tk ra m e r -B ra n s o n  USL 38 u l t r a s o n i c  in s tr u m e n t  w i t h  a 0 .5 "  x  0 .5 "
2 .2 5  MHZ 4 5 °  an g leb eam  tr a n s d u c e r  was em ployed in  t h e  in s p e c t io n  o f  t h e  
w eld ed  r a i l s .  E n g in e e r in g  fu r n is h e d  th e  NDT L a b  w i t h  a s e c t io n  o f  r a i l  
c o n t a in in g  a r e f e r e n c e  f l a w  h a v in g  d im e n s io n s  o f  0 .5 "  lo n g  x  0 .0 5 0 "  w id e  
x 0 .1 2 5 "  ( F ig u r e  2 ) .

3 . 0  PROCEDURE

An in s p e c t io n  te c h n iq u e  was d e v e lo p e d  u s in g  a c o n t a c t  a n g le b e a m /s h e a rw a v e  
u l t r a s o n i c  m e th o d . The u l t r a s o n i c  in s tr u m e n t  was c a l i b r a t e d  t o  o b t a in  
a f u l l  s c re e n  (100% v e r t i c a l  s c a le )  r e f l e c t i o n  fro m  t h e  end o f  t h e  r a i l .
The t im e  d e la y  was a d ju s te d  t o  p o s i t io n  t h e  r e c e iv e d  s ig n a l  a t  t h e  t e n t h  
d i v i s i o n  o f  t h e  h o r iz o n t a l  s c a le  ( F ig u r e  1 ) .  The  in s tr u m e n t  was th e n  
c a l i b r a t e d  t o  o b t a in  an  80% v e r t i c a l  s c a le  r e f l e c t i o n  fro m  t h e  r e f e r e n c e  
f l a w .

The r a i l s  w e re  th e n  in s p e c te d  fro m  b o th  s id e s  o f  th e  w e ld  and r e s u l t s  
re c o rd e d  on a  d a ta  s h e e t (F ig u r e  3 ) .  U l t r a s o n ic  r e s u l t s  on a l l  in s p e c te d  
w e ld s  h a v e  been  c o m p ile d  and a r e  shown i n  T a b le  1 .  A f t e r  u l t r a s o n i c  
in s p e c t io n s  w e re  c o m p le te d , e a c h  w e lded  r a i l  was s u b je c te d  to  d e s t r u c t i v e  
t e s t s .  V is u a l  e x a m in a t io n s  w ere  c o n d u c te d  on t h e  w e ld s  a f t e r  d e s t r u c t i v e  
te s tS jg o o d  c o r r e l a t i o n  was e v id e n t  b etw een  th e  v i s u a l  and u l t r a s o n i c  in s p e c  
t i o n  r e s u l t s .
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4 . 0  CONCLUSION

Through the correleation of data made from visual and ultrasonic inspections, 
the contact ultrasonic shearwave method has been shown to be an acceptable 
as well as practical nondestructive inspection technique that is readily 
available*
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civision

QUALITY ASSURANCE ftDI SPECIAL I'EC'ili'IQ'JE

PROGRAM: NDT METHOD:

RAILROAD RAIL INVESTIGATION ULTRASONIC
PART NAME: PART NUMBER: TYPE:

RAIL WELDS
REFERENCE DOCUMENTS:

Test Request WP No. T46N

1.0 PURPOSE
To inspect subject rail welds for discontinuities.

2.0 SCOPE
All Boston Rapid Transit Rail Systems

3.0 REFERENCED DOCUMENTS . *
3.1 Test Request WP No. T46N "Rail Pull Apart Investigation"

4.0 EQUIPMENT REQUIREMENTS
4.1 The following equipment and accessories are necessary to perform 

the aforementioned inspection:
,4.1.1. Krautkramer-Branson Model USL 38 Ultrasonic Flaw 

Detector Unit or equivalent.
4.1.2 Harisonic 2.25 MHz, 45° ST shear, 0.500" X 0.500",

Type ABM0208 Transducer or equivalent.
4.1.3 Ultrasonic couplant (Echo Lab Sonotrace 30 or equivalent).

.. *

5.0 ENCLOSURE

5.1 Figure 1, Calibration setup.

6.0 INSTRUCTIONS
6.1 Calibrate ultrasonic flaw detector unit on reference standard provided.

APPROVED: DATE:
L
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quality assurance N P i  Special Techpippe ( C o a l )

* ) ■

6.1.1 Place transducer on standard as shown In Figure 1 for position 1.
6.1.2 Position the leading edge of the indication from bottom of 

Standard at approximately 100% of the horizontal scale as 
shown in Figure 1, Display A.

6*1.3 Place transduer on standard as shown in Figure 1 for position 2.
6.1.4 Adjust ultrasonic unit REJECT or DAMP control for minimum 

amount required for fairly,'clean baseline.
6.1.5 Adjust ultrasonic unit for reference indication (flaw) of 

approximately 80% of vertical scale as shown in Figure 1,
Display B.

6.2 Position transducer on subject rail to be inspected.
6.3 Scan subject rail weld from both directions.
6.4 Record any discontinuity indications (if any) for size and location 

on the NDT R & D data sheet.
6.5 Any indications of discontinuity sizes greater than __% of vertical

scale are considered rejectable.

I-
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\ RESEARCH AND DEVELOPMENT DATA

2-42200 H I

date Part N'oT

RESULT
NO. OF INDICATION: ______

*
INDICATION TYPE:________________________
INDICATION SIZE: _______  . '
LOCATION: ___________ . _____ ' • ' ' ' .

SIDE VIEW



1 ) ■)

Number Of 
Indications Type Size Location Of Weld % Screen Height

C-l 1 Porosity or Inclusion 0.050" Middle Unavailable
C-2 2 Porosity or Inclusion Not Determined Middle Unavailable
G-3 1 Flaw, Porosity 5.0" Length 90%
C-4 2 Porosity • 3.0" Bottom 20% - 50%
C-5 2 Flaws 3.0" Bottom 40% - 70%
C-6 6 Porosity 0.050" Top, Middle, Bottom 30% - 100%C-7 4 „ Porosity 0.050" Middle, Bottom .20% - 40%
C-8 6 Porosity, Flaw 2.0", 1.0" Top, Middle, Bottom 20% - 90%
C-9
C-10

1 Porosity Not Determined Bottom 10%
C-ll 2 Flaws 3.0" Top 80% -100%

'

T-l 2 Porosity, Flaw 2.0" Bottom 20% - 50%
T-2 3 Porosity, Flaw ' 1.0" Top, Middle 50% -100%

ULTRASONIC RESULTS OF RAIL WELDS
TABLE 1

ADDENDUM 1
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RESEARCH AND DEVELOPMENT DATA

Z-42Z00 B1

QUALITY ASSURANCE
N D T  L A B O R A T O R Y

O A J F  C C - l )Part No ■____

RESULT
O A lBNO. OF INDICATION:

INDICATION TYPE 
INDICATION SIZE:
LOCATION:_ % E E  B z ie & lA )

< ^ S ° F  Al

■■ P o 2 = > /d y  P q R q $ it .y  o k  F j a w  ^
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RESEARCH AND DEVELOPMENT DATA

2-42200 R l

QUALITY ASSURANCE
N D T  L A B O R A T O R Y

■ Part No.

RESULT
NO. OF INDICATION: 
INDICATION TYPE:
INDICATION SIZE:_

LOCATION: F \ f £ . _ S £4^U)-______________

a j  \ g c o ? / u k i l o i r  

(  (A)jlU l U a

'.SIDE VIEW
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QUALITY ASSURANCE
N D T  L A B O R A T O R Y

H © D O D Q S O [7 m G l}0 w Q  7©Sfl0DQ<gJ
RESEARCH AND DEVELOPMENT DATA

~  A  A  U &  / W 2 . "  _______ T M £ £ ( C j 2 )
..... ^  s  f D y T E  ___________________________________________________________  P art No.________

RESULT

NO. OF IN D IC A T IO N O M  C  $ 0 %  l/ & 7 7 G A c -8 o 7 fe A H  T o  J o p ' )

INDICATION T Y P E _ E l A M ____ S q M £  T b / B a s / r y  / M >  G & o s/ J

INDICATION S I Z E V e e y  L A S A M .

L O C A T I O N S E E  B e u m j O ^ D / r e c t h * )  P e a n  A M > / q b  & )

SIDE VIEW
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QUALITY ASSURANCE
N D T  L A B O R A T O R Y

F s u n . f  T £ )Part No .______

RESULT

X & Q -NO. OF INDICATION 
INDICATION TYPE: P p R C & IT y j ;  P l A W

INDICATION S I Z E / " ( f t " )  j  3 " ( A )

LOCATION: S e e  B e c o ^ O ____________

1 1 6  T h ^ m . \ T

. C &  Q X F  ( M v i l n J U A ^
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F m -  C C - 4 - )______Part No.

RESULT
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INDICATION TYPE:_ _ P o & s jn /y

INDICATION, S I Z E r * t * \ ____
LOCATION: S E E :  \5SLQQs5______________

( U t v C i t l  4  $
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QUALITY ASSURANCE
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