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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
ELECTRICAL STEEL –  

REVERSE BEND TEST METHOD FOR  
ELECTRICAL STEEL STRIP  AND SHEET 

 
FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Comm i ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es ,  I EC publ i shes  I n ternational  S tandards,  Techn ical  Speci fi cati ons,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  commi ttee  has  representati on  from  a l l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Pub l i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent certi fi cation  bod i es .  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  comm i ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The  main  task of I EC  techn ical  comm ittees  is  to  prepare  I n ternational  Standards.  However,  a  
techn ical  committee  may propose  the  publ ication  of a  techn ica l  report  when  i t  has  col l ected  
data  of a  d i fferent ki nd  from  that wh ich  i s  normal l y publ ished  as  an  I n ternational  Standard ,  for 
example  "state  of the  art" .  

I EC  TR 631 1 4,  wh ich  i s  a  techn ical  report,  has  been  prepared  by I EC  Techn ica l  Committee  68:  
Magnetic a l loys  and  steels.  

The  text of th is  techn ica l  report i s  based  on  the  fol l owing  documents :  

Enqu i ry d raft  Report  on  voti ng  

68/565/DTR 68/579A/RVDTR 

 

Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  report can  be  found  in  the  
report on  voti ng  ind icated  i n  the  above  table.  
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Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D i recti ves,  Part 2 .  

The  committee  has  decided  that the  con ten ts  of th is  document wi l l  remain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp : //webstore. iec.ch "  i n  the  data  re lated  to  
the  speci fic document.  At  th is  date,  the  document wi l l  be   

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  
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INTRODUCTION  

Before  the  preparation  of th is  document,  the  working  group  d iscussed  the  actual  s i tuation  of 
i ndustry concern ing  the  appl ication  of reverse  bend  tests  for the  evaluation  of the  ducti l i ty of 
e lectrical  s teel  strip  and  sheet,  i ncl ud ing  non-orien ted  and  grain-orien ted  materia ls.  The  
fol l owing  poin ts  were  noted :  

– The  reverse  bend  test  i s  wide l y used  in  i ndustry for the  evaluation  of ducti l i ty of e l ectrica l  
steel ,  and  is  referenced  by the  products  standards;  

– I n  actual  i ndustry practice,  the  reverse  bend  test main l y uses  as  test  specimens  Epste in  
strips  of 30  mm  in  wid th ;  

– The  product standards  of I EC  60404-8-4  [1 ] 1 ,  I EC 60404-8-7  [2 ]  and  I EC 60404-8-8  [3 ]  
refer to  I SO  7799  for the  reverse  bend  test.  However,  I SO  7799  speci fied  the  wid th  of test 
specimen  to  be  l ess  than  the  wid th  of the  Epstein  strip  (30  mm).  Therefore,  the  Epste in  
strip  does  not meet wi th  the  requ irement of I SO 7799;  

– There  are  two  modes  for the  reverse  bend  test,  Europe general l y adopts  the  method  of 
reverse  bend  test accord ing  to  I SO 7799  (defined  as  Mode  A),  a l ternative ly America  and  
As ia  general l y adopt that accord ing  to  ASTM  A720  [4 ]  (for non-orien ted  materia ls)  and  
J IS  C2550  [5]  (defined  as  Mode  B),  see  a lso  the  references  [6-7] ;  

NOTE  ASTM  A721  [8]  defi ned  a  bend  method ,  wh ich  i s  d i fferen t from  the  reverse  bend  test,  to  determ ine  the  
ducti l i ty of g rain -oriented  materia l s .  

– The  apparatus  and  the  requ irements  for the  reverse  bend  test  are  s l igh tl y d i fferent  
between  Mode  A and  Mode  B ,  especia l l y on  the  gap  between  the  specimen  and  the  round  
edges  of the  clamp and  the  requ irement that a  tensi le  force  is  appl i ed  to  the  test specimen ;  
Th is  may cause  d i fferen t deformation  mechan isms during  bend ing ;  

– A comparison  test  between  the  two  modes  has  been  carried  ou t.  I t  was  revealed  that 
number of bends  obtained  wi th  Mode A and  Mode  B  are  d i fferent.  

The  above  poin ts  i nd icate  the  need  for a  standard ization  of the  reverse  bend  test method  
particu lar to  e lectrical  steel  to  explain  how to  use  the  two  modes  i n  i ndustry.  

Th is  document describes  the  general  princip le  and  techn ical  deta i l s  of the  reverse  bend  test 
especial l y for the  evaluation  of the  ducti l i ty of e lectrical  s teel  wi th  respect  to  the  two  modes,  
Mode A accord ing  to  I SO  7799  and  Mode  B  accord ing  to  ASTM  A720  and  J IS  C2550.  

Annex A provides  i n formation  on  a  specia l l y des igned  apparatus  for the  reverse bend  test,  
wh ich  can  be  used  for both  modes .  

Annex B  g i ves  test  resu l ts  on  the  dependence  of the  number of bends  on  the  tens i le  force  
appl ied  to  the  specimen .  The  resu l ts  were  obta ined  us ing  the  apparatus  described  i n  Annex A 
in  d i fferent cond i ti ons  for Mode  A and  for Mode  B.  

 

___________ 

1  Numbers  i n  square  brackets  refer to  the  B i b l i ography.  
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ELECTRICAL STEEL –  
REVERSE BEND TEST METHOD FOR  

ELECTRICAL STEEL STRIP  AND SHEET 
 
 
 

1  Scope 

This  Techn ica l  Report describes  the  general  pri ncip le  and  techn ica l  detai ls  of the  reverse  
bend  test method  used  for evaluati ng  the  ducti l i ty of e l ectrica l  s teel  strip  and  sheet.  

Th is  test method  is  appl icable  to  Epstein  test s trip  specimens  obtained  from  non-oriented  and  
grain-orien ted  e lectrica l  s teel  of any grade.  The  test specimens  shal l  not  be  annealed .  

2  Normative references  

The fol l owing  documents  are  referred  to  i n  the  text i n  such  a  way that some or a l l  of the ir 
con ten t consti tu tes  requ irements  of th is  document.  For dated  references,  on l y the  ed i tion  
ci ted  appl i es.  For undated  references,  the  l atest ed i tion  of the  referenced  document ( i nclud ing  
any amendments)  appl i es.  

I EC 60404-2,  Magnetic materials – Part 2:  Methods of measurement of the  magnetic 
properties of electrical steel strip and sheet by means of an Epstein frame  

I SO  7799,  Metallic materials – Sheet and strip 3 mm thick or less – Reverse bend test  

3 Terms and  defin i tions  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC  E lectroped ia:  avai lable  at  h ttp: //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso. org/obp  

3. 1   
reverse bend  test  
repeated  bend ing  of a  rectangu lar test  specimen  clamped  on  one  end  through  90°  in  opposi te  
d i rections  over a  pa ir of mandrels  having  a  cyl i ndrica l  cambered  surface  of 5  mm  i n  rad ius,  
un ti l  fa i l u re  

3.2   
number of bends  
counts  of a l ternate  bend ing  i n  the  reverse  bend  test prior to  the  appearance of the  fi rst  crack 
in  the  base  metal  of specimen  vis ib le  to  the  naked  eye  or sudden  fa i l u re  occurs  by fracture  

3.3   
ducti l i ty 
mechan ical  property of the  materia ls  that refers  to  the  number of bends  i n  the  reverse  bend  
test 
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4 Symbols  and  designations  

The symbols  and  des ignations  g i ven  i n  I EC  60404-2  and  I SO  7799  appl y.  

5 Principles  

Apply the  reverse  bend  test to  an  Epstein  test strip  specimen  and  take  the  number of bends  
as  an  evaluation  of the  ducti l i ty of e l ectrica l  steel  strip  and  sheet.  

6 Apparatus  

There  are  two  types  of apparatus  accord ing  to  two  modes  of the  reverse  bend  test:  Mode  A is  
accord ing  to  I SO 7799,  and  Mode B  i s  accord ing  to  ASTM  A720  [4 ]  or J I S  C2550:2000  [5] ,  as  
shown  i n  F igure  1  (numbers  i n  mm).  

  

a)  Mode A b)  Mode  B  

Figure 1  – Apparatus  for the  reverse bend  test of Mode A and  Mode B  

The  rad ius  r  of the  cyl i ndrical  cambered  surface  of mandrels  for Mode A and  Mode B  shou ld  

be  5 , 0  mm  ±  0, 1  mm  as  speci fied  i n  the  d i fferent e lectrical  steel  s tandards  regard less  of the  
strip  th ickness.  These  mandrel  surfaces  shou ld  be  wider than  the  wid th  of the test strip 
specimen .  The  examples  of mandrels  for Mode  A and  Mode  B  are  shown  i n  F igure  2 .  
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a)  Mode  A b)  Mode  B  

Key 

1  specimen  2  mandrel  for Mode  A 

3  mandrel  for Mode  B    

Figure  2  – Schematic  view of the  mandrels  for Mode A and  Mode B  

NOTE  Annex A g i ves  an  example  of the  apparatus  specia l l y des igned  wh ich  can  be  used  both  for Mode  A and  
Mode  B  by chang ing  d i fferent  mandrel s .   

7 Test specimen  

The Epste in  strip  conform ing  to  I EC  60404-2  shou ld  be  used ,  and  shou ld  have  the  fol lowing  
d imensions:  

– wid th  b  =  30  mm  ±  0, 2  mm ;  

– l ength  280  mm  ≤  l  ≤  320  mm.  

NOTE  1  I SO  7799  speci fi es  the  wi d th  of the  test  specimen  between  20  mm  and  25  mm.  

NOTE  2  ASTM  A720  [4 ]  speci fi es :  “ the  test  specimens  shal l  be  about  1 . 2  i n .  [30  mm]  i n  wi d th  and  not  l ess  than  6  

i n .  [1 50  mm]  i n  l ength” ,  i n  case  of the  test  equ ipment  des igned  for th i s  l im i ted  l eng th ,  the  Epstein  s tri p  may not  be  

used .  

Accord ing  to  the  d i fferent e lectrical  steel  standards,  the  test specimen  shal l  be  cu t wi th  i ts  
l ong i tud inal  axis  perpend icu lar to  the  ro l l i ng  d i rection  for non-orien ted  e lectrica l  steel ,  and  
para l l el  to  the  rol l i ng  d i rection  for g rain -oriented  steel .  I t  shal l  be  carefu l l y cu t,  wi thou t any 
add i ti onal  deformation .  The  surfaces  of the  specimen  shou ld  be  free  of cracks  or marks,  and  
the  edges  shou ld  not have  excessive  burrs .  

NOTE  3  ASTM  A720  [4 ]  speci fi es :  “ the  l ong  axi s  of at  l east  fi ve  test  specimens  shal l  be  i n  the  d i rection  of ro l l i n g  

and  at  l east  fi ve  at  ri gh t  ang l es  to  the  d i rection  of ro l l i n g ”.  

8 Procedure  

The tests  shou ld  be  carried  ou t at  an  ambien t temperature  of (23  ±  5)°C on  the  specimen .  

F ix the  specimen  in  an  apparatus  of the  reverse  bend  test for Mode A or Mode B ,  as  shown  i n  
F igu re  1 .  
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To  ensure  con tinuous  contact between  the  test  specimen  and  round  surfaces  of the  mandrels  
and  to  l ocal i ze  the  bend  during  the  test,  a  tens i l e  stress  may be  appl ied  on  the  test specimen.  
A tens i le  force,  e. g .  70  N ,  i s  recommended .  

NOTE  1  I SO  7799,  Mode  A,  recommends  a  tensi l e  stress  not  g reater than  2  %  of the  val ue  of the  nom inal  tensi le  
stress  to  ensu re  con ti nuous  contact between  the  test  specimen  and  the  cyl i nd ri cal  mand rel s  du ri ng  the  test,  un less  
otherwise  speci fi ed  i n  the  re levant s tandard .  ASTM  A720  [4 ] ,  Mode  B ,  speci fi es  to  provi de  su ffi cien t  tens ion  i n  the  
specimen  to  l ocal i ze  the  bend .  J I S  C2550: 2000  [5] ,  Mode  B ,  speci fi es  a  tensi l e  force  of 70  N .  

NOTE  2  A tensi l e  force  app l i ed  to  specimen  has  an  eviden t i n fl uence  on  the  number of bends,  especi a l l y i n  the  
case  of non-oriented  e l ectri cal  s teel ,  wh ich  i s  related  to  the  deformation  mechan ism  duri ng  the  reverse  bend  test,  
Annex B  g i ves  some  examples  of resu l ts  obtained  from  d i fferent  cond i ti ons.  

Bend  the  specimen  through  90°  by i ts  l ong i tud inal  d i rection ,  a l ternate l y in  opposi te  d i rections.  
Do not i n terrupt the  testi ng  between  success ive  bends.  The  rate  of reverse  bend ing  shou ld  be  
at  a  un i form  rate  wi thout shock and  not exceed ing  one  bend  per second .  

Count the  number of bends.  A bend  of 90°  from  the  in i ti a l  posi ti on  and  subsequent return  to  
the  i n i tia l  pos i ti on  counts  as  one  bend  ( i tems 1  and  2  i n  F i gure  3),  and  the  fo l l owing  bend  in  
the  opposi te  d i rection  and  return  to  in i ti a l  pos i tion  counts  as  the  next  bend  ( i tems  3  and  4  i n  
F i gu re  3) .  

 

Key 

a  Specimen  2  back to  ori g i nal  posi ti on  and  coun t as  one  bend  

b  a  pai r of mandrel s  3  bend ing  i n  opposi te  d i rection  

1  s tart  bend ing  4  back to  ori g i nal  pos i ti on  and  coun t as  another bend  

Figure 3  – Method  of counting  reverse bends  

NOTE  3  ASTM  A720  [4 ]  uses  a  d i fferen t method  for counti ng  the  bends.  

The test  shal l  be  stopped  on  the  appearance of the  fi rst  crack i n  the  base  meta l  vis ib le  to  the  
naked  eye.  Al ternative l y,  the  test may be  s topped  for any of the  fo l l owing  reasons:  

– When  the  number of bends  speci fied  i n  the  re levan t s tandard  or con tractual  agreement is  
reached  wi thout the  occurrence  of cracks;  

– Upon  the  sudden  fa i l u re  of the  specimen  caused  by fracture;  

– Upon  hearing  an  aud ib le  sound  that  may i nd icate  the  creation  of a  crack i n  the  specimen;  
The  i nd ication  of a  crack by an  aud ible  sound  shal l  be  confi rmed  by vi sual  i nspection .  

The  l ast  bend  shou ld  not be  counted  i n  the  l ast two cases  above.  
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9  Expression  of resul ts  

Accord ing  to  the  d i fferen t e l ectrical  s teel  s tandards,  at l east two specimens  shou ld  be  tested ,  
and  the  m in imum  number of bends  shou ld  be  taken  as  the  resu l t.  Al ternativel y,  the  specimen  
shou ld  be  cons idered  to  be  acceptable  i f the  number of bends  wi thou t cracking  or fa i l u re  
compl ies  wi th  the  requ irement of the  re levant materia l  standard  or contractual  agreement.  

NOTE  ASTM  A720  [4 ]  speci fi es:  “ the  ducti l i ty of the  test  l ot  or l i ft  as  the  average  of the  number of bends  
wi thstood  by the  test  specimens  from  that  test  l ot  or l i ft” .  
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Annex A 
(informative)  

 
An  example of the  apparatus  used  for the  reverse bend  test 

Annex A describes  an  example  of the  apparatus  specia l l y des igned ,  wh ich  can  be  used  both  
for Mode  A and  Mode B  by chang ing  the  d i fferen t mandrels,  and  can  apply a  constant tens i l e  
force  to  the  specimen  th roughou t the  test  by a  weigh t (see  F igure  A. 1 ) .  

 

Key 

1  hand le  5  j aw 9  gu ide  1 4  weight  

2  bend  arm  6  fi xer 1 0  base    

3  converse  rol l  7  specimen  1 1  mandrel    

4 ,  1 3  s teel  wi re  8  gu ide  rol l  1 2  tu rn i ng  fi xer   

Figure A. 1  – Schematic  view of a  special ly designed  apparatus  for the  reverse bend  test  
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With  the  reverse  bend  test apparatus  shown  in  F igure  A. 1 ,  an  Epstein  s trip  i s  clamped  by a  
pa ir of j aws  on  the  upper end .  The  j aws  are  connected  to  a  steel  wi re  that  runs  over a  
converse  ro l l  and  passes  through  a  pa ir of gu ide  rol ls .  The  j aws  are  pu l led  wi th  a  weigh t to  
appl y a  tens i l e  force  to  the  specimen.  The  l ower end  of the  Epstein  strip  i s  held  by a  pair of 
mandrels  for Mode A or Mode  B,  as  shown  in  F igure  2 .  The  reverse  bend  test  can  be  
performed  by repeated l y turn ing  the  bend  arm  through  90°  and  then  i n  the  reverse  d i rection .  

International  Electrotechnical  Commission

Provided by IHS Markit under l icense with  IEC

 



I EC TR 631 1 4:201 8  © I EC 201 8  – 1 3  –  

Annex B  
(informative)  

 
Dependence of the  number of bends  on  tensi le  force  

appl ied  to the test specimen  

B.1  General  

Annex B  describes  the  examples  of resu l ts  obta ined  wi th  a  reverse  bend  test apparatus  
described  in  Annex A and  fol l owing  the  i nstructions  of th is  document for Mode  A and  Mode  B.  

B.2  Test resul ts  

Some grades  of non-oriented  and  grain-orien ted  steel  i n  d i fferent th ickness  had  been  tested  
under certa in  tensi le  forces.  F i gure  B. 1  and  F igure  B . 2  show the  resu l ts  of non-orien ted  and  
grain-orien ted  materia ls  and  fu rthermore  wi th  Mode  A and  Mode  B  respective l y.  Each  poin t  
corresponds  to  an  average  of 3  to  5  tests ,  and  the  numbers  i n  brackets  near the  poin ts  i n  
F i gure  B. 1  and  F igure  B . 2  are  the  maximum  and  the  m in imum  of the  tests.  

  

a)  Non-orien ted  materials  b)  Grain -orien ted  materi als  

Figure B. 1  – Number of bends  for d i fferent tensi le  forces  wi th  Mode  A 

For Mode A as  shown  i n  F igure  B . 1 ,  wi th  non-oriented  materia ls  i n  d i fferen t th icknesses  such  
as  0, 65  mm,  0, 50  mm  and  0 , 35  mm,  the  reverse  bend  tests  of 0 , 50  mm  and  0, 35  mm  
specimens  show that the  number of bends  decrease  monoton ica l l y as  the  tens i l e  force  
i ncreases,  bu t 0 , 65  mm  specimens  change  smooth l y and  inversely.  With  grain -oriented  
materia ls  i n  d i fferen t th i ckness  as  0, 30  mm ,  0, 27  mm  and  0 , 23  mm ,  as  the  tens i le  force  
i ncrease,  0 , 23  mm  specimens  ( i n  annealed  state)  show that the  number of bends  decreases  
monoton ical l y,  0 , 27  mm  and  0 , 30  mm  specimens  show that non-evident tendency.  

For Mode B  as  shown  i n  F igure  B .2 ,  wi th  non-oriented  materia ls  i n  d i fferen t th icknesses  such  
as  0 , 65  mm,  0, 50  mm  and  0, 35  mm ,  the  reverse  bend  tests  show that  the  number of bends  
decrease  monoton ical l y as  the  tens i le  force  increase.  Wi th  gra in -oriented  materia ls  i n  d i fferen t  
th icknesses  such  as  0 , 30  mm,  0 , 27  mm  and  0 , 23  mm  ( in  annealed  s tate),  as  the  tens i l e  force  
i ncrease,  two  types  of specimens  show that the  number of bends  decreases  monoton ical l y,  
and  0 , 27  mm  specimens  show that non-evident  tendency.  
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a)  Non-orien ted  materials  b)  Grain -orien ted  materi als  

Figure B.2  – Number of bends  for d i fferent tensi le  forces  wi th  Mode  B  

The number of bends  obta ined  wi th  Mode  A is  l arger than  that wi th  Mode  B .  

B.3  Deformation  si tuation  of the specimen  after fai lure 

For Mode A and  Mode B  as  shown  in  F igure  B. 3,  wi th  non-oriented  materia ls  in  th ickness  of 
0 , 50  mm,  after the  fa i l u re  of the  reverse  bend  tests  for d i fferent tens ions,  the  s i de  views  of the  
specimens  show the  deformation  location  of bends.  

  

a)  Mode A b)  Mode  B  

Key Arrows  i nd icate  the  posi t i ons  of crack and  fractu re.  

Figure B.3  – S ide views  of the  specimens  after fai lu re  wi th  Mode  A and  Mode B  
for d i fferent tensi le  forces  

When  no  tensi l e  force  was  appl ied  to  the  specimen ,  an  extraord inary case  appeared  i n  that 
the  bend ing  was  not l ocal i zed  and  the  deformations  were  d istributed  i n  a  large  area.  W i th  
1 0  N  of tens i le  force  appl ied  on  the  specimen ,  the  area  of deformation  became smal l er than  
the  0  N  case.  Wi th  40  N  of tens i l e  force  appl ied  on  the  specimen ,  the  area  of deformation  
became more  narrow.  With  70  N  of tensi l e  force  appl ied  on  the  specimen,  the  area  of 
deformation  was  l ocal i zed  strictl y on  a  narrow range.  The  area  of deformation  that appeared  
i n  Mode A is  l arger than  that i n  Mode  B.  
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B.4 Conclusions  

Based  on  the  resu l ts  and  observations  above,  i t  can  be  concluded  that:  

– for non-orien ted  materia l s,  the  resu l ts  both  Mode A and  Mode  B  i nd icate  that wi th  the  
i ncrease  of tensi le  force  the  number of reverse  bends  decreases ,  except for th ickness  of 
0 , 65  mm.  However,  the  resu l ts  are  somewhat con trad ictory and  a  much  l arger number of 
specimens  of various  grades  and  th icknesses  wou ld  be  needed  to  confi rm  th is  trend ;  

–  the  number of reverse  bends  i s  s trictl y re lated  to  the  s i ze  of deformation  area,  the  l arger 
the  area,  the  b i gger the  number of reverse  bends  i s ;  

–  the  number of bends  obta ined  wi th  Mode A is  l arger than  that wi th  Mode B  and  i s  almost 
twice  as  many;  

– to  determ ine  the  number of bends,  there  is  a  need  to  speci fy the  tensi l e  s trength  appl ied  
to  the  test specimen  i n  the  test report.  
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