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LIQUID CRYSTAL DISPLAY DEVICES –  

 
Part 40-2:  Mechanical  testing  of d isplay cover g lass  for mobi le  devices  –  

Uni -axial  flexural  strength  (4-point bend)  
 

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  Standards,  Techn ical  Speci fi cations,  
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  comm i ttees;  any I EC National  Comm i 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  n earl y  as  poss ible,  an  i n ternati ona l  
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  respons i bl e  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,  servan ts  or agents  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property damage  or 
other damage  of any nature  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 
patent  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 .  

I n ternational  Standard  I EC  61 747-40-2  has  been  prepared  by techn ical  committee  1 1 0:  
E lectron ic  d isplay devices.  

The  text of th is  s tandard  is  based  on  the  fo l lowing  documents:  

CDV Report  on  voti ng  

1 1 0/568/CDV 1 1 0/608A/RVC 

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  s tandard  can  be  found  i n  the  report on  
voting  ind icated  in  the  above  table.  

Th is  publ ication  has  been  drafted  i n  accordance wi th  the  I SO/IEC  D irecti ves,  Part 2 .  
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A l i st  of a l l  parts  i n  the  I EC  61 747  series,  publ i shed  under the  general  t i t l e  Liquid crystal 
display devices,  can  be  found  on  the  I EC  websi te.  

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

•  reconfi rmed ,  

•  wi thdrawn ,  

•  replaced  by a  revised  ed i ti on ,  or 

•  amended .  

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

Mobi le  e lectron ic devices  have  become i ncreasing l y soph isticated  and  often  i nclude  d isp lays  
for the  purposes  of user i n terface  and  viewing .  Such  d isp lays  common l y i ncorporate  a  
transparent cover g lass  wh ich  a ids  i n  protecting  the  d isplay against the  i n troduction  of 
damage  through  routine  device  transport  and  use,  as  wel l  as  occasional  or accidenta l  m isuse.  

The  purpose  of th is  s tandard  is  to  provide  mechan ical  testing  procedures  for cover g l asses  
u ti l i zed  in  such  appl ications.  Such  g lasses  can  be  s trengthened ,  for example  via  an  i on-
exchange  process,  wh ich  acts  to  i ncrease  mechan ica l  s trength  through  the  in troduction  of a  
surface  compress ive  l ayer.  
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LIQUID CRYSTAL DISPLAY DEVICES –  
 

Part 40-2:  Mechanical  testing  of d isplay cover g lass  for mobi le  devices  –  
Uni -axial  flexural  strength  (4-point bend)  

 
 
 

1  Scope 

This  part  of I EC  61 747-40  i s  a  mechan ical  performance testing  procedure  for cover g lass  
used  in  e l ectron ic  fl at  panel  d isplays  i n  mobi l e  devices.  Th is  standard  i s  focused  on  the  
measurement of as-received  edge  strength  via  un i -axial  fl exure  generated  by a  four-poin t  
bend .  

2  Normative references  

The fo l l owing  documents,  i n  whole  or i n  part,  are  normativel y referenced  i n  th is  document and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i ti on  ci ted  appl i es .  For 
undated  references,  the  l atest ed i ti on  of the  referenced  document ( i nclud ing  any 
amendments)  appl i es .  

I EC 61 747-40-1 ,  Liquid crystal display devices – Part 40-1 : Mechanical testing of display 
cover glass for mobile devices  – Guidelines  

I EC 61 649: 2008,  Weibull analysis  

3 Terms,  defin i tions  and  abbreviations  

3. 1  Terms and  defin i tions  

For the  purposes  of th is  document,  the  fol l owing  terms  and  defin i ti ons  apply.  

3. 1 . 1   
specimen  

i nd ividual  p iece  of g l ass  to  be  tested  to  fa i l u re  

3. 1 .2   
sample  
group  of specimens  sharing  a  common  ped igree  (such  as  manufacturing  process  and  period  
of production) ,  for wh ich  fai l u re  statis tics  can  be  generated  and  reported  

3. 1 .3   
sample  s ize  

number of specimens  i n  a  sample  

3. 1 .4   
nominal  value  

value  abou t wh ich  a  tolerance  range  i s  speci fied  

3. 1 .5   
strength  

normal i zed  l oad  at wh ich  fracture  occurs   
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Note  1  to  en try:  For g l asses  wi thou t a  compressive  su rface  l ayer,  s trength  can  be  equated  to  the  fractu re  stress.  
I n  cases  where  non -l i neari ti es  prevent a  su i table  conversi on  from  l oad  to  s trength  (or stress),  l oad  at  fractu re  
shou ld  i nstead  be  reported .  

3.2  Abbreviations  

PTFE   pol ytetrafl uoroethylene  

4 General  

This  test measures  edge  strength  by forcing  a  pai r of para l le l  l oad  bars  (anvi l s)  through  a  
specimen  that i s  supported  by a  pair of paral le l  support  bars.  The  two  pai rs  of bars  shal l  be  
para l l el  and  the  appl ied  force  shal l  be  perpend icu lar to  the  su rface  formed  by the  support bar 
pai r.  The  l oads  at fracture  are  measured  and  converted  to  strength .  Strength  ca lcu lations  are  
found  in  C lause  7 .   

The  test i s  appl ied  to  a  sample  of several  specimens.  The  sample  s tatis tics  of the  strength  
values  are  defined  i n  Clause  7 .  The  s tatistical  va lues  to  be  reported  or speci fi ed  are  g i ven  i n  
Clauses  8  and  9 .  

The  specimens  to  be  tested  are  typical l y 44  mm  to  60  mm  in  wid th  and  60  mm  to  1 1 0  mm  in  
l ength ,  wi th  th ickness  rang ing  from  0, 55  mm  to  2 , 0  mm .  When  the  specimen  i s  p laced  on  the  
support  bars,  a  pai r of opposi te  edges  shal l  be  a l igned  to  be  para l l e l  wi th  the  support bars .  
Before  the  specimen  i s  p l aced  on  the  support  bars,  the  surface  that wi l l  contact  the  load  bars  
is  covered  wi th  a  layer of pol ymeric adhes ive  tape  to  preserve  the  fracture  surface,  reduce  the  
scattering  of g lass  fragments  upon  fracture,  and  m in im ize  con tact damage.  The  support rods  
are  al so  covered  wi th  PTFE  tape  and  may be  rol lers ,  a lso  to  m in im ize  con tact  damage and  
friction .   

The  general  requ irements  of the  apparatus  are  g i ven  i n  C lause  5 .  Apparatus  d imensions  can  
be  affected  by specimen  d imensions.  These  relationsh ips  are  ou tl i ned  i n  5. 4.  I t  shou ld  be  
noted  that d i rect  comparisons  cannot be  made  between  specimens  tested  under d i fferen t 
apparatus/fixture  d imensions  or at  d i fferen t cross  head  traverse  rates.  

Testi ng  procedures  are  g i ven  in  C lause  6 .  

I t  i s  assumed  that a l l  measurements  are  performed  by personnel  ski l l ed  i n  the  general  art  of 
mechan ical  property measurements.  Furthermore,  i t  shou ld  be  assured  that a l l  equ ipment i s  
su i tabl y ca l ibrated  as  is  known  to  ski l l ed  personnel  and  that records  of the  cal ibration  data  
and  traceabi l i ty are  kept.  

5 Apparatus  

5.1  Testing  envi ronment and  pre-condi tion ing  

The standard  testing  environment i s  speci fi ed  i n  I EC  61 747-40-1 .  Specimens  shal l  be  s tored  
i n  such  an  envi ronment for at  least four hours  before  testi ng .  

5.2  Testing  frame  

The testing  frame provides  the  aspects  needed  for the  con trol led  vertica l  movement of some 
mechan ical  e l ements  re lati ve  to  a  test fixture  surface.  I t  a lso  i ncludes  a  l oad  cel l  to  i nd icate  
the  appl i ed  force  of these  mechan ical  e l ements  against  other mechan ica l  e l emen ts  that  are  
attached  to  the  test surface  and  detectors  to  i nd icate  d isplacement from  the  s tart  of motion .  A 
con trol l er i s  a lso  requ i red  to  coord inate  the  necessary motions.  These  may be  driven  by 
external  commands  or by l oad  cel l  responses.  Examples  of motion  d i recti ves  i nclude:  

•  J og  up  or down .  

•  S low manual  up  or down  un ti l  the  s top  bu tton  i s  pushed .  
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•  Return  to  a  preset start  of test.  

•  Traverse  downward  at  a  fixed  rate  un ti l  fracture  i s  detected ,  then  s top .  

•  Emergency stop.  

I n  add i ti on  to  provid ing  motion  con trol  and  measurement of load ,  the  con trol l er sha l l ,  at 
m in imum,  report the  fracture  load ,  a l l ow the  setting  of the  l oad  rate  and  the  d isplay l oad  as  a  
function  of time  and/or deflection  from  the  start  of the  test.  Other features  can  include:  

•  The  col lection ,  organ ization ,  s torage,  and  reporti ng  i n formation  en tered  for the  sample,  i ts  
specimens,  fracture  l oad  data,  and  s tatistical  analys is  resu l ts .  

•  Calcu lating  i nd ividual  specimen  fracture  strength  us ing  data  input  for the  specimen  and  
the  fracture  l oad .  

The  main  structural  e l ements  of the  testi ng  frame shal l  be  made  of steel  wi th  d imensions  
large  enough  so  compl iance  is  essen tia l l y zero  wi th  respect to  the  maximum  force  that wi l l  be  
appl ied .  Th is  maximum  force  depends  on  the  specimens  being  tested ,  bu t shou ld  general l y be  
less  than  1 0  kN .  These  e lements  i nclude:  

•  the  testi ng  surface,  

•  vertica l  support  columns,  

•  a  cross  head ,  

•  motion  tractors  wi th in  the  support columns,  

•  l oad  cel l  assembly and  attachment mechan isms.  

The  m in imum  and  maximum  rates  of motion  shal l  encompass  the  range  of 0 , 001  mm/m in  and  
1  000  mm/m in .  

The  con trol ler sha l l  sample  the  load  cel l  and  d isplacement detectors  at  a  m in imum  rate  of 
1 0  kHz.  

The  load  ce l l  shal l  be  ca l i brated  against a  known  weigh t,  force  gauge  or l oad  ce l l  and  be  
l inear to  wi th in  1  %  over the  maximum  appl ied  force.  The  l oad  cel l  shal l  be  capable  of be ing  
reset to  zero  after the  attachment of mechan ical  e lements  to  i t  before  the  apparatus  setup  is  
complete.  I t  shal l  a lso  i nclude  an  attach ing  mechan ism .   

F i gu re  1  i l l ustrates  some of the  e lements  of the  testi ng  frame.  

Copyright International  Electrotechnical  Commission  



I EC 61 747-40-2 :201 5  © I EC  201 5  – 9  – 

 

Key 

A  Test  surface  

B   Support  col umns  

C   Cross  head  (moves  up  and  down)  

D   Load  cel l  assembly  

E   Control l er 

Figure 1  – Testing  frame 

5.3  Test fixture  and  setup  

Subclause  5. 3  ou tl ines  the  generic test fixture  elements  and  setup  procedure.  Subclause  5. 4  
i denti fies  the  requ i rements  of the  d imensional  characteristics ,  wh ich  can  depend  on  specimen  
characteristics.  

The  primary test fixture  e lements  are  the  support assembly and  the  l oad  assembly.  These  are  
i l l ustrated  from  Figure  2  to  F igure  5.  Other test fixture  elemen ts  i nclude:  

•  Cl amps  used  to  fasten  the  support assembly to  the  test frame testi ng  surface.  

•  PTFE  tape  used  to  cover the  support bars .  

•  Mach ined  i nstal l ation  gage  to  a l i gn  the  support and  load  assembl ies .  

•  M icrometer wi th  fl at  anvi l  faces  and  resolu tion  of 0 , 002  mm  or better.  

 

A 

B  

C  

D  

E  

IEC 
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NOTE  The  key to  the  l etters  i s  provided  i n  F i gu re  5.  

Figure 2  – Support  assembly (s ide view)  

 

NOTE  The  key to  the  l etters  i s  provided  i n  F i gu re  5.  

Figure 3  – Support  assembly (top  view)  
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NOTE  The  key to  the  l etters  i s  provided  i n  F i gu re  5.  

Figure 4 – Load  assembly (s ide view)   

 

Key 

A  Support  bars  wi th  opti ona l  rol l ers  

B   Support  bar separation ,  d
S
 

C   Support  assembly attachment surface  

D   Support  assembly body 

E   Load  bars  

F   Load  bar separation ,  d
L
 

G   Compress ion  bar 

Figure 5  – Load  assembly (bottom  view)  

Setup  steps  i nclude:  

a)  Attach  the  l oad  assembly to  the  test  frame load  cel l  assembly at  the  compression  bar.  

b)  Reset  to  zero  on  the  l oad  cel l .  

c)  Cover the  support  bars  wi th  PTFE  tape.  

d )  Rough l y center the  support  assembly be low the  l oad  assembly.  

e)  P lace  the  i nsta l l ation  gage  on to  the  support bars  so  the  bottom  grooves  con ta in  the  bars.  

f)  S lowly,  l ower the  cross  head  and  ad j ust the  support  assembly unti l  the  l oad  bars  are  
con tained  in  the  i nsta l lation  gage  top  grooves.  

F  

E  

IEC 

F  

E  

G  

IEC 
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g)  Clamp the  support assembly on to  the  test frame testing  surface.  

h )  Raise  the  cross  head  unti l  the  separation  of the  load  and  support bars  is  su i table  for 
l oad ing  a  specimen  and  set the  start poin t.  

The  i nstal l ation  gage  bar i s  a  mach ined  metal  b lock wi th  top  and  bottom  grooves  
correspond ing  to  the  l oad  bars  and  support  bars  respectivel y.  I t  i s  used  to  assure  para l lel  
a l i gnment of the  two  assembl ies.  

When  assembled ,  the  bars  shal l  be  paral l e l  to  0 , 05  mm  per 25  mm  in  l ength  and  concen tric to  
wi th in  0 , 25  mm.  The  paral le l i sm  requ i rement appl ies  to:  

•  Support  bar to  support bar.  

•  Load  bar to  load  bar.  

•  Support  bars  to  l oad  bars .  

5.4  Test fixture  d imensions  

The  test fixture  d imensions  are  d ri ven  by the  specimen  d imensions:  l eng th ,  l,  wid th ,  w,  and  
th ickness,  h .  The  rad ius  of the  l oad  and  support bars  shal l  be  g reater than  h/2.  

The  l oad  and  support bar l eng ths  shal l  be  l arge  enough  to  accommodate  the  maximum  
specimen  wid th .  

The  heigh t of the  support assembly body shal l  be  sufficien t to  accommodate  the  maximum  
specimen  deflection .  Th is  i s  i n fluenced  by several  factors  such  as  the  fol lowing ,  and  best  
determ ined  experimental l y:  

•  Young ’s  modu lus  of the  materia l  u nder test.  

•  Fracture  strength  of the  specimens  under test.  

•  Specimen  th ickness  and  wid th .  

The  support bar separation ,  dS ,  and  l oad  bar separation ,  dL ,  are  set  in  terms  of the  nom inal  
specimen  length ,  lnom ,  as  i n  equations  (1 )  and  (2) .  

 nomS
5

4
ld ≤   (1 )  

 SL
2

1
dd =   (2)  

The  support  bar separation  i s  cri tical  to  obta in ing  comparable  testi ng  resu l ts  because  i t  can  
affect  the  Weibu l l  scal i ng  parameter (see  7 . 2) .  Un less  otherwise  speci fi ed ,  the  support  bar 

separation  is  36  mm  ±  0 , 5  mm.  

These  d imensions  are  partl y i n tended  to  prevent non- l i neari ti es  i n  l oad ing  behavior due  to  
l arge  specimen  deflection ,  s l i ppage  and/or run -ou t fai l u re.  The  l atter occurs  when  the  
deflection  i s  l arge  enough  to  d raw the  specimen  ends  past the  support bars .  I n  th is  case,  the  
fai l u re  l oad  does  not correspond  to  specimen  fracture,  bu t rather to  the  load  at  wh ich  the  
specimen  s l ipped  out of the  support bars .  The  associated  l oad  values  shal l  be  suspended  
(see  7. 2) .  Th is  fa i l u re  mode  can  often  be  observed  as  an  unusual  d iscontinu i ty i n  the  appl i ed  
l oad  graph .  F igure  6  shows  a  normal  load  versus  time graph ,  as  wel l  as  a  case  of large  
deflection  wi th  associated  s l i ppage  due  to  non-optim ized  span  d istances.  

Support  bar separation  of 36  mm  is  needed  to  avoid  excess ive  run-out fa i l u re  on  strengthened  
g lasses.  I t  provides  20  %  excess  g lass  on  each  s ide  of the  support bar rather than  the  base  
recommendation  of 1 0  %  excess  g lass.  
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Appropriate  span  setti ngs  are  requ i red  to  avoid  non-l i neari ti es  due  to  l arge  specimen  defl ections,  s l i ppage  and/or 
run -ou t fa i l u re.  The  fi nely dashed  l i nes  are  s imply a  gu ide  to  the  eye.  

Figure  6  – Example load  traces  for appropriate  and  inappropriate  span  settings  

5.5  Load ing  rate  

The l oad ing  rate  during  testing  shal l  be  constant.  I t  i s  g i ven  i n  terms  of the  cross  head  
traverse  rate.  Un less  otherwise  speci fied  the  rate  i s  5  mm/m in .  As  wi th  fixture  d imensions,  
data  generated  from  testing  at  d i fferen t l oad ing  rates  are  not d i rectl y comparable.  

6 Procedure  

6.1  Safety 

6. 1 . 1  Hazard  – Broken  g lass  

Wear safety g l asses  wi th  s ide  panels  at  a l l  t imes.  Wear g loves  when  hand l i ng  broken  g lass.  

6. 1 .2  Crush  hazard  – Only one person  may operate  the  testing  frame  

Operator i n j u ry may occur i f more  than  one  person  operates  the  system .  Before  working  i n  the  
hazard  area  between  the  upper and  l ower fixtures,  ensure  that  other personnel  cannot 
operate  the  computer system  or other con trols .  

6.1 .3  Crush  hazard  – Take  care  when  instal l i ng  or removing  a  specimen  

I nsta l l ation  or removal  of a  specimen  i nvolves  working  i ns ide  the  hazard  area  between  the  
fixtures.  

•  Keep  clear of the  fixture  at  a l l  t imes.  

•  Never enter the  hazard  area  between  the  fixtures  wh i l e  the  cross  head  i s  moving .  

IEC 
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6. 1 .4  Hazard  – Press  the emergency stop  button  when  an  unsafe condition  i s  
observed  

I f an  unsafe  cond i tion  i s  observed ,  press  the  emergency stop  bu tton .  Correct the  unsafe  
cond i ti on  before  resum ing  testing .  

6. 1 .5  Flying  debris  hazard  – Ensure that  specimens  are  instal led  correctly 

Always  i nsta l l  the  specimens  i n  the  cen ter of the  fixtures  i n  l ine  wi th  the  l oad  path .  I ncorrect 
specimen  instal lation  creates  s tresses  wh ich  can  break the  fixtures.  The  h igh  energ ies  
i nvolved  can  proj ect broken  parts  some d istance  from  the  test area.  

6. 1 .6  Hazard  – Protect control  cables  from  damage or d isconnection  

Protect a l l  cables,  parti cu larl y transducer cables,  from  damage.  Damage  to  control  and  
feedback cables  can  i nduce  an  open  l oop  cond i tion  wh ich  may drive  the  cross  head  to  the  
extremes  of i ts  motion .  

6.2  Sample  

The sample  s i ze  i s  30 ,  exclud ing  any specimens  rejected  for pre-existi ng  damage.  Values  
associated  wi th  test  run-ou t fa i lu re ,  surface  breaks  or edge  breaks  ori g inating  from  ou ts ide  of 
the  load  bar are  i ncluded  in  the  sample,  bu t the  va lues  are  treated  as  l ate  suspensions  (see  
7. 2).  I f there  are  more  than  1 0  suspensions,  the  testi ng  fa i l s  and  a  new sample  shal l  be  
se lected .  

Upon  receipt of a  new sample,  the  fol lowing  s teps  shal l  be  taken :  

a)  Determ ine  and  record  the  fol l owing  in formation :  

•  sample  i den ti fication ,  

•  sample  specimen  nom inal  d imensions:  l eng th ,  wid th ,  th ickness ,  

•  requesting  person .   

b)  Determ ine  whether existi ng  test fixtures  are  compatib le .  I f not,  change  them  (Clause  5).  

c)  Record  the  fixture  d imensions  or i denti fication  number.   

d )  Set  and  record  the  l oad ing  rate.  

e)  Determ ine  and  record  whether wid th  is  to  be  measured  on  each  specimen .  I f specimen  
wid th  varies  l ess  than  5  %  of average,  the  average  wid th  may be  used  for each  specimen.  

f)  Set the  start-of-test height for the  testi ng  frame.  

g)  Zero  the  m icrometer.  Th is  i s  done  by gentl y clos ing  the  anvi ls  wi th  no  specimen  present,  
and  press ing  the  reset bu tton .  

6.3  Ind ividual  specimen  

Complete  the  fol lowing  s teps  on  each  specimen  of the  sample.  The  working  surfaces  shou ld  
be  clean  and  free  of anyth ing  that can  i nduce  damage.  

a)  Determ ine  and  record  the  specimen  i denti fication  number.  

b)  I nspect  for any damage.  I f damaged ,  report th i s,  bu t  do  not  i ncl ude  in  the  testi ng .  

c)  I f requ i red  (see  6. 2) ,  measure  and  record  the  wid th .  

d )  Measure  and  record  the  th ickness  to  the  nearest  0 , 001  mm.  Th is  measurement shal l  be  
done  at  a  l ocation  on  the  specimen  that i s  away from  any edge  and  in  a  l ocation  that wi l l  
not be  s tressed  ( the  overhang  area).  

e)  Cu t a  section  of pol ymeric adhes ive  tape  that can  cover the  specimen  and  p lace  i t  s ticky 
s i de  up  on  the  working  surface.  

f)  Gentl y attach  one  edge  of the  specimen  to  one  end  of the  tape.  
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g)  Gentl y l ower the  rest of the  specimen  on to  the  rest of the  tape.  

h )  Carefu l l y trim  the  excess  tape  away from  the  specimen.  

i )  Return  the  test frame to  the  start-of-test posi tion  and  place  the  specimen  onto  the  support  
bars  wi th  the  pol ymeric adhes ive  tape  s i de  up.   

NOTE  The  l oad  bars  wi l l  touch  the  polymeric  adhesi ve  tape  s i de.  

j )  Start the  test  sequence.   

k)  Observe  the  l oad  vs.  time  graph  and  other s igns  of testi ng  progress  for any abnormal i ties .  

•  I f abnormal i ti es  are  observed  (such  as  run-ou t fa i l u re) ,  th is  may be  cause  to  suspend  
the  resu l t.  

l )  Record  the  fai l u re  l oad .  Fol l owing  th is ,  ca lcu late  and  record  the  fa i lu re  stress  (see  7 . 1 ) .  

m )  I nspect the  fracture  pattern  to  determ ine  whether the  break source  orig inated  from  the  
edge  between  the  l oad  bars,  the  edge  underneath  the  load  bars ,  the  edge  ou ts ide  of the  
l oad  bars,  or away from  any edge.  Al l  bu t the  fi rst and  second  type  l i s ted ,  i n  wh ich  fa i lu re  
orig inates  from  an  edge  e i ther underneath  or between  the  l oad  bars ,  sha l l  be  suspended .  
F igure  7  i l l ustrates  a  normal  edge  fracture  pattern  i l l ustrati ng  the  des ired  fa i l u re  mode.  
F igure  8  i l l ustrates  an  edge  fa i lu re  underneath  the  l oad  bar,  wh i le  F igure  9  i l l ustrates  a  
surface  fracture.  

n )  Remove  the  broken  g lass  and  thorough l y clean  the  area  for the  next  test.  

 

NOTE  Such  a  fractu re  represents  the  des i red  fa i l u re  mode,  and  thus  the  resu l ti ng  data  poin t  i s  treated  as  non-
suspended .  The  dark verti cal  bars  i nd icate  the  approximate  l oad  bar posi ti ons,  wh i l e  the  wh i te  arrow ti p  represents  
the  fa i l u re  ori g i n  l ocation .  

Figure 7  – Edge fracture  orig inating  from  between  the  load  bars    
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NOTE  Such  a  fractu re  ori g i nates  from  underneath  the  l oad  bar,  and  thus  the  resu l ti ng  data  poi n t  i s  treated  as  
nonsuspended .  The  dark vert i cal  bars  i n d icate  the  approximate  l oad  bar posi ti ons,  wh i l e  the  wh i te  arrow ti p  
represents  the  fai l u re  ori g i n  l ocation .  

Figure 8  – Edge fracture orig inating  from  underneath  the  load  bar   

 

NOTE  Such  a  fracture  represents  an  undes i red  fa i l u re  mode,  and  thus  the  resu l ti ng  data  poin t  i s  suspended .  The  
dark verti ca l  bars  i nd icate  the  approximate  l oad  bar posi ti ons ,  wh i l e  the  wh i te  arrow ti p  represents  the  fa i l u re  ori g i n  
l ocation .  

Figure  9  – Surface fracture orig inating  from  between  the  load  bars    

6.4  Complete  the  report  

The report shal l  i nclude,  at  a  m in imum,  the  in formation  found  i n  8. 1 .  I nd ividual  customers  may 
requ i re  add i ti onal  in formation .   
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Depend ing  on  the  capabi l i ti es  of the  testing  frame control ler,  preparation  of the  report  may 
requ i re  the  s tatistical  anal ysis  i tems  in  7. 2  to  be  calcu lated ,  stored ,  and  prin ted  on  another 
computer.  

7 Calculations  

7. 1  Strength  calcu lations  

The fol l owing  equations  have  been  found  appl i cable  for the  types  of g l ass  for wh ich  th is  
standard  i s  i n tended .  Other types  of g lass  may have  non - l i neari ties  at e levated  deflections.  

Strength ,  σ ,  (MPa)  i s  g i ven  as  a  function  of fracture  l oad  (N )  as  equation  (3).  

 
( )

2

LS

2

3

wh

ddL −
=σ   (3)  

where:  

dS   =  support bar separation  

dL   =  l oad  bar separation  

w   =  specimen  wid th  (mm) 

h   =  specimen  th ickness  (mm) 

L   =  fracture  l oad  (N )  

7.2  Statistical  calcu lations  

The Weibu l l  anal ysis  standard ,  I EC  61 649,  shal l  be  used  to  calcu late  the  fol l owing  
parameters:  

•  Weibu l l  scale  parameter,  η  (MPa) .  

•  Weibu l l  shape parameter,  β.  

•  the  1 0
th
 percenti l e  fa i l u re  stress,  B1 0  (MPa).  

The  maximum  l ikel i hood  estimate  (MLE)  method  of ca lcu lation  shal l  be  u sed  for the  Weibu l l  
parameters.  See  9. 6  of I EC  61 649: 2008.  The  fo l l owing  equations  are  adapted  from  equations  
(1 7)  and  (1 8)  of I EC  61 649: 2008  i n  order to  accommodate  suspensions  as  variable  censoring .  
Th is  i s  j usti fied  by considering  a  surface  break.  I f the  surface  fl aw had  not been  present,  the  
l argest edge  fl aw wou ld  have  fa i led  at  a  l arger stress  than  the  fa i l u re  s tress  that i s  ca lcu lated  
for the  surface  flaw.  I n  a  sense,  the  testing  of the  edge  flaw was  term inated  before  fa i l u re.  

Fol lowing  the  notation  of I EC  61 649,  l et ti represent val id  fa i l u re  strength  va lues,  wi th  i =  1  to  
r,  and  l et  Tj  represent the  suspended  values,  wi th  j  =  1  to  s .  

The  shape  parameter is  the  value  of β  that satisfies  equation  (4) .   
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G iven  th is  value  for the  shape  parameter,  the  scale  parameter i s  g i ven  as  equation  (5) .  
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The  poin t estimate  of the  1 0
th
 percenti l e,  B1 0 ,  i s  ca lcu lated  us ing  9 . 8  of I EC  61 649: 2008  and  

equation  (20)  of I EC  62649: 2008,  wh ich  is  repeated  here  as  equation  (6) .  I n  C lause  9,  th is  
parameter is  recommended  to  be  speci fi ed  for performance  standards.  I t  combines  the  scale  
and  shape  parameters  to  s i ng le,  mean ingfu l ,  metri c.   

 ( )[ ] βη /1
1 0 9,0ln−=B   (6)  

I n  add i ti on  to  the  calcu lation  of statistica l  parameters,  a  Weibu l l  p lot i s  requ ired  (see  8 . 2) .  See  
7. 2. 3  of I EC  61 649: 2008  for i nstructions  on  how to  produce  such  a  p lot.  An  example  Weibu l l  
p lot i s  shown  i n  F igure  1 0.  

 

Figure  1 0  – Example  Weibu l l  p lot  

8 Reporting  

8. 1  Information  to  be  reported  for each  test  

Report  the  fol l owing  for each  test.  

•  Sample  i denti fication  and  nom inal  d imensions .  

•  Support bar separation ,  dS  (mm).  

•  Weibu l l  sca le  parameter,  η  (MPa) .  

•  Weibu l l  shape  parameter,  β.  

•  Fracture  strength  1 0
th
 percen ti le ,  B1 0  (MPa).  
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8.2  Information  to  be  made avai lable  upon  request  

The fol lowing  in formation  shal l  be  avai lab le:  

•  Support  and  l oad  bar rad ius .  

•  Cross  head  traverse  rate  (mm/m in).  

•  Al l  fracture  loads:  

– Note  suspensions  and  causes.  

•  Weibu l l  p lot.  

9  Specifications  

The fol l owing  testi ng  aspects  requ ire  speci fication  and  con trol  to  obta in  comparable  resu l ts :  

•  Support bar separation ,  dS  (mm).  

•  Support  and  l oad  bar rad ius  (mm).  

•  Cross  head  traverse  rate  (mm/m in).  

The  fo l l owing  parameter i s  recommended  for speci fication  i n  performance s tandards:  

•  The  fracture  strength  1 0
th
 percen ti l e ,  B1 0  (MPa) .  
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