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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
OPTICAL FIBRE CABLES – 

 
Part 1 -21 :  Generic specification  –  

Basic optical  cable  test procedures  –  
Mechanical  test methods  

 
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  q uestions  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 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 ci pate  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 ternati onal  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  n ot  be  hel d  responsibl e  for i den ti fyi ng  any or a l l  such  patent  ri gh ts.  
I n ternational  Standard  I EC 60794-1 -21  has  been  prepared  by subcommi ttee  86A:  F i bres  and  cab les,  of I EC 
techn ical  commi ttee  86:  F ibre  opti cs.   

I n ternational  Standard  I EC 60794-1 -21  has  been  prepared  by subcommittee  86A:  F ibres  and  
cables,  of I EC  techn ical  comm ittee  86 :  F ibre  optics .   

Th is  fi rst ed i tion  of I EC 60794-1 -21  cancels  and  replaces  the  mechan ical  tests  part of the  
second  ed i tion  of I EC  60794-1 -2,  publ ished  in  2003.  I t  consti tu tes  a  techn ica l  revis ion .   

I t  has  been  decided  to  spl i t  the  second  ed i tion  of I EC  60794-1 -2  i n to  s ix  new documents:  

– I EC 60794-1 -2 ,  Optical fibre  cables – Part 1 -2: Generic specification – Basic optical cable 
test procedures  

–  I EC 60794-1 -20,  Optical fibre cables – Part 1 -20: Generic specification  – Basic optical 
cable test procedures – General and definitions  
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– I EC 60794-1 -21 ,  Optical fibre cables – Part 1 -21 : Generic specification  – Basic optical 
cable test procedures – Mechanical tests methods  

– I EC 60794-1 -22,  Optical fibre cables – Part 1 -22: Generic specification – Basic optical 
cable test procedures – Environmental tests methods  

– I EC 60794-1 -23,  Optical fibre cables – Part 1 -23: Generic specification – Basic optical 
cable test procedures – Cable elements tests methods  

–  I EC 60794-1 -24,  Optical fibre cables – Part 1 -24: Generic specification  – Basic optical 
cable test procedures – Electrical tests methods  

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

FDIS  Report  on  voti ng  

86A/1 638/FDIS  86A/1 655/RVD  

 
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 .  

Th is  s tandard  is  i n tended  to  be  used  i n  con junction  wi th  I EC  60794-1 -1 .   

A l i st of a l l  parts  i n  the  I EC 60794  series,  publ ished  under the  general  ti tle  Optical fibre 
cables,  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  unti 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 i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour inside'  logo on  the  cover page of th is  publ ication  ind icates  
that i t  contains  colours  wh ich  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore  print  th is  document using  a  
colour printer.  
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OPTICAL FIBRE CABLES – 
 

Part 1 -21 :  Generic specification  –  
Basic optical  cable  test procedures  –  

Mechanical  test methods  
 
 
 

1  Scope and  object  

This  part of I EC 60794  appl ies  to  optical  fi bre  cables  for use  wi th  te lecommunication  
equ ipment and  devices  employing  s im i l ar techn iques,  and  to  cables  having  a  combination  of 
both  optica l  fi bres  and  e lectrical  conductors .  

The  obj ect of th is  s tandard  i s  to  define  test procedures  to  be  used  i n  establ ish ing  un i form  
requ i rements  for mechan ical  requ i rement performance.  

Throughou t th is  standard  the  word ing  “optical  cable”  may a lso  i nclude  optical  fi bre  un i ts ,  
m icroduct  fi bre  un i ts,  etc.  

General  requ irements  and  defin i tions  are  g i ven  i n  I EC  60794-1 -20  and  a  complete  reference 
gu ide  to  test  method  of a l l  types  in  the  I EC  60794-1 -2 .  

2  Normative references  

The fol 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 60227-2,  Polyvinyl chloride insulated cables of rated voltages up to and including 
450/750 V – Part 2:  Test methods  

I EC 60793-1 -22: 2001 ,  Optical fibres – Part 1 -22: Measurement methods and test procedures 
– Length measurement  

I EC 60793-1 -32:201 0,  Optical fibres – Part 1 -32: Measurement methods and test procedures 
– Coating strippability 

I EC  60793-1 -40,  Optical fibres – Part 1 -40: Measurement methods and test procedures –  
Attenuation  

I EC  60793-1 -46:2001 ,  Optical fibres – Part 1 -46:  Measurement methods and test procedures 
– Monitoring of changes in  optical transmittance  

I EC  60794-1 -1 ,  Optical fibres – Part 1 -1 : Generic specification – General 

I EC 60794-1 -2 : 201 3,  Optical fibre cables – Part 1 -2: Generic specification – Cross reference 
table  for optical cable  test procedures 

I EC 60794-1 -20: 201 4,  Optical fibre cables – Part 1 -20: Generic specification – Basic optical 
cable test procedures – General and definitions   
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IEC 60794-1 -22: 201 2,  Optical fibre cables – Part 1 -22: Generic specification – Basic optical 
cable test procedures – Environmental test methods  

I EC TR 62691 ,  Guide to the installation of optical fibre cables  

I EC 61 300-2-44,  Fibre optic interconnecting devices and passive components  –  Basic test 
and measurement procedures – Part 2-44:  Tests – Flexing of the strain relief of fibre  optic 
devices  

3 Method  E1 :  Tensi le  performance 

3. 1  Object   

This  test method  appl ies  to  optica l  fibre  cables  wh ich  are  tested  at a  particu lar tens i le  
strength  in  order to  examine  the  behaviour of the  attenuation  and /or the  fibre  elongation  stra in  
as  a  function  of the  l oad  on  a  cable  wh ich  may occur during  i nstal lation  and  operation .  Th is  
method  is  in tended  to  be  non-destructi ve.   

3.2  Sample  l ength  

Length  under tension  ≥  50  m  un less  otherwise  defined  i n  the  re levant speci fication .  For cables  
requ i ri ng  specia l i zed  anchoring  devices  (e. g .  OPGW,  al l -d ie lectric se l f-supporti ng  (ADSS),  
heavy wi re  armored  cables,  etc. ) ,  the  m in imum  leng th  shal l  be  25  m .  

Short l eng ths  i n  the  tens i le  test  wi l l  adversel y affect  the  accuracy of the  measurement.  The  
l engths  shown  above  are  the  recommended  m in imum  lengths  for th is  test.  

Tota l  sample  l eng th  is  l onger than  the  length  under tension  to  a l l ow for clamping  and  
connection  to  test  equ ipment.  

3.3  Apparatus   

The apparatus  consists  of 

a)  an  attenuation  measuring  apparatus  for the  determ ination  of a ttenuation  changes  
(see  I EC 60793-1 -40) ,  and /or a  fi bre  e longation  stra in  measuring  apparatus 
(see  I EC 60793_1 _22:2001 ,  Method  C:  F ibre  e longation) ;  

b)  a  tens i l e  s trength  measuring  apparatus  wh ich  i s  able  to  accommodate  the  m in imum  leng th  
to  be  tested .  Transfer devices  may be  used  for testi ng  l onger samples  under tens ion  
(see  F igure  2) .  The  d iameters  of sheaves  i n  the  transfer device  shal l  be  no  smal l er than  
the  m in imum  bend ing  d iameter of the  cable  under test;  typ ical l y 1  m  d iameter;  

c)  a  l oad  ce l l  wi th  a  maximum  error of ±  3  %  of i ts  maximum  range;   

d )  a  cl amping  device  to  secure  al l  cable  components  at the  ends  of the  length  under test:  
care  shou ld  be  taken  that the  speci fic method  of capturing  the  cable  componen ts  does  not 
affect the  resu l ts.  A mandrel  i s  frequentl y an  appropriate  device,  wi th  a  d iameter typica l l y 
1  m ,  bu t not  l ess  than  the  m in imum  bend ing  d iameter speci fi ed  for the  cable ;  

e)  i f requ ired ,  mechan ical  or e l ectrical  means  for measuring  the  cable  l oad  or elongation ,  per 
the  detai l  speci fication  shal l  be  provided .  

Examples  of su i table  apparatus  are  shown  i n  F igure  1  and  F igure  2 .   

3.4  Procedure  

3.4. 1  General  requ irements  

a)  Un less  otherwise  speci fi ed ,  the  cond i tions  for testi ng  shal l  be  i n  accordance wi th  the  
expanded  test cond i tions  as  defined  in  I EC  60794-1 -20.  
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b)  Load  the  cable  on to  the  tens i l e  ri g  and  secure  i t.  At  both  ends  of the  tens i le  ri g ,  a  method  
of securing  the  cable  shal l  be  used ,  wh ich  un i form ly locks  the  cable  so  that a l l  
components  of the  cable,  i nclud ing  fibres,  are  restricted  i n  thei r movement.  For most cable  
constructions  (e. g .  stranded  type  cables) ,  clamping  on  cable  e lemen ts,  except the  fi bres,  
i s  practical  and  su fficient to  obtain  attenuation  changes  and/or both  the  maximum  
a l l owable  pu l l i ng  load  and  the  s train  marg in  of the  cable.  However,  for certa in  cable  
constructions  (e. g .  s ing le  l oose  tube),  i t  may be  necessary to  prevent the  fi bres  from  
s l ipping  in  order to  obtain  the  correct strain  marg in  fi gures.  

For aeria l  cable  types,  i f requ i red  by the  detai l  speci fi cation ,  the  fixi ng  of the  cable  may be  
made by means  of the  anchoring  devices  re levan t to  the  type  of cable  considered .  For certa in  
heavi l y armoured  cables ,  a  clamping  device  involving  a  stocking  grip  or s im i lar anchoring  
device  may be  used .   

c)  Connect the  test fibre  of the  cable  under tens i le  test to  the  measurement apparatus.  For 
the  pu lse  delay (time of fl igh t)  techn ique  of Method  C  of I EC  60793-1 -22 : 2001 ,  care  shal l  
be  taken  that,  d uring  the  pu l l i ng  of the  sample,  the  reference l ength  does  not change.   

d )  The  tension  shal l  be  con tinuousl y i ncreased  to  the  requ ired  value(s)  g iven  i n  the  re levant  
speci fication .   

e)  The  change of attenuation  and /or fibre  stra in  shal l  be  recorded ,  as  a  function  of cable  l oad  
or e longation .   

f)  For cables  wi th  a  large  number of fibres,  a  mu l tip le  attenuation  and /or fibre  stra in  
measuring  device  can  be  used .   

g )  A represen tati ve  number of fibres  and/or a  number of test cycles  (typical l y one)  shal l  be  
agreed  between  manufacturer and  customer.   

h )  The  read ings  taken  at the  end  of the  time periods  stated  in  3 . 4. 2  shou ld  be  stable  ( i . e  
wi th in  measurement uncerta in ty)  before  the  l oads  are  changed  or the  test completed .  I f 
the  read ings  are  sti l l  fl uctuating  then  the  l oad  hold ing  period  shou ld  be  extended  un ti l  they 
are  stable.  

3.4.2  Procedure   

Measure  the  optical  attenuation  and /or determ ine  the  fibre  stra in  before  the  start of the  test as  
a  basel i ne:  

a)  appl y the  short-term  load  to  the  cable;  

b)  ho ld  th is  load  for 1 0  m in ;  

c)  determ ine  fi bre  strain ,  i f requ i red ;  

d )  i f requ ired ,  change the  appl ied  load  to  the  l ong  term  load  

– hold  th is  l oad  for 1 0  m in ,  

– measure  the  attenuation  and /or determ ine  the  fibre  stra in ;  

e)  remove the  load ;  

f)  a l l ow the  cable  to  rest for 5  m in ;  

g )  measure  the  attenuation  and /or determ ine  the  fibre  s tra in .  

Di fferen t steps  and  l oad  l evels  can  be  used  i f agreed  between  customer and  suppl ier.  

3.5  Requirements   

The attenuation  change and /or fibre  stra in  of the  sample  shal l  not exceed  the  values  g i ven  i n  
the  re levant  speci fication .   

3.6  Detai l s  to  be  specified  

The re levant  speci fication  shal l  i ncl ude  the  fol l owing :   

– l ength  under tension  i f d i fferent  from  th is  method ;   
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– TL  l ong  term  l oad :  load  appl ied ,  l im i ts  on  fibre  stra in ,  and /or change of attenuation ;   

– TS  short  term  l oad :  l oad  appl ied ,  l im i ts  on  fibre  stra in  ( i f requ ired) ;  

– Tafter the  test:  l im i ts  on  fi bre  stra in  and /or change i n  attenuation .   

3.7  Detai ls  to  be  reported   

Values  for a l l  attributes  from  3. 6  shal l  be  reported  p lus  the  fol l owing :  

– end  preparation ;   

– rate  of tens ion  i ncrease;  

– temperature,  i f d i fferen t from  that ind icated  for standard  test cond i tions.  

 

Figure  1  – Tensi le  performance  measuring  apparatus  
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Figure  2  – Example of tensi le  performance  measuring  apparatus  
using  transfer devices  and  chuck drums  

4 Method  E2:  Abrasion  

4.1  Object   

The abrasion  res istance  of optica l  fibre  cables  has  two  aspects :   

a)  the  abi l i ty of the  sheath  to  res ist  abras ion ,  E2A;   

b)  the  abi l i ty of cable  markings  to  res ist abras ion ,  E2B.   

The  purpose  of th is  test i s  to  determ ine  the  ab i l i ty of an  optical  fi bre  cable  sheath  or sheath  
markings  to  res ist abrasion .   

4.2  Sample   

The sample  shal l  be  of a  l eng th  sufficien t to  carry ou t  the  speci fied  test.  A typical  length  i s  
750  mm .   

4.3  Method  E2A:  Abrasion  resistance of optical  fibre  cable  sheaths   

4.3. 1  Apparatus   

The abrasion  test ri g  consists  of a  device  des igned  to  abrade  the  surface  of the  cable  i n  both  

d i rections  paral le l  to  the  long i tud ina l  axis  of the  cable  over a  l ength  of (40  ±  1 )  mm  at a  
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frequency of (55  ±  5)  cycles/m in .  One  cycle  cons ists  of one  abrad ing  edge  movement i n  each  
d i rection .   

The  abrad ing  edge  shal l  be  a  steel  need le  wi th  a  d iameter of 1 , 0  mm  or as  speci fied  i n  the  
detai l  speci fication   

A typ ical  apparatus  is  shown  i n  F igure  3.  

4.3.2  Procedure   

The fol lowing  steps  shal l  be  taken :  

a)  Un less  otherwise  speci fied ,  the  cond i ti ons  for testi ng  shal l  be  i n  accordance wi th  s tandard  
atmospheric cond i ti ons,  as  defined  i n  I EC  60794-1 -20.  

b)  Securel y attach  the  cable  sample  to  the  supporting  p late  by means  of cable  cl amps.  The  
abrad ing  edge  shal l  be  l oaded  wi th  4  N  wh i lst  avoid ing  shock to  the  cable.  The  in i tia l  
pos i tion  shal l  be  such  that there  i s  l eng th  avai lab le  for the  subsequent movement of the  
sample,  per c)  below.  

c)  Four tests  shal l  be  made  on  the  sample,  wi th  the  sample  moved  forward  1 00  mm  between  
tests  and  rotated  through  an  ang le  of 90° ,  a lways  i n  the  same d i rection .   

4.3.3  Requirements   

There  shal l  be  no  perforation  of the  sheath  after perform ing  the  number of cycles  speci fied  i n  
the  deta i l  speci fication .   

4.3.4  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :   

a)  number of cycles;   

b)  force  appl ied  i f other than  speci fied  herein ;  and  

c)  d iameter of need le  i f other than  speci fi ed  herein .  

4.4  Method  E2B:  Abrasion  resistance of optical  fibre  cable  markings  

4.4. 1  Apparatus   

4.4. 1 . 1  Method  1   

As speci fied  i n  E2A.  

4.4. 1 .2  Method  2   

The  apparatus  fol lows  the  in ten t of that  speci fi ed  in  E2A and  i n  E2B,  Method  1 ,  wi th  the  
need le  replaced  by a  wip ing  fe l t.  The  fo l l owing  changes  are  made  i n  the  apparatus:  

a)  a  test set-up,  to  appl y a  force  to  the  wool  fe l t.  A typica l  example  i s  shown  i n  F igure  4;   

b)  a  wool  fe l t,  colour wh i te;   

NOTE  Common  fe l ts  are  a  b l end  of wool  and  other fi bres,  common ly rayon .  B lends  from  1 00  %  to  30  %  wool ,  
or as  speci fi ed  by the  rel evant speci fi cation ,  meet the  purpose  of th i s  method .  

c)  masses  to  apply a  force  to  the  sample;  

d )  the  apparatus  shal l  a l l ow a  stroke  l ength  of 1 00  mm  at a  frequency of 6  to  1 2  cycles/m in .  
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4.4.2  Procedure   

4.4.2 .1  General  

Un less  otherwise  speci fi ed ,  the  cond i ti ons  for testi ng  shal l  be  in  accordance wi th  standard  
atmospheric cond i ti ons.   

4.4.2 .2  Method  1   

As speci fied  i n  E2A,  bu t  a l l  four tests  shal l  be  made  on  the  cable  marking .  

4.4.2 .3  Method  2   

A sample  of cable  contain ing  markings  shal l  be  la i d  between  the  two parts  of the  wool  fel t  or 
between  the  wool  fe l t  and  a  supporti ng  surface.  I n  e i ther case,  the  wool  fel t  sha l l  wipe  the  
prin ted  section  of the  cable.  

The  wool  fe l t  shal l  be  thorough l y impregnated  wi th  water.   

The  normal  force  (F)  of 5  N  (or as  g i ven  i n  the  detai l  speci fication)  sha l l  be  appl i ed  to  the  
markings  on  the  sample  wh ich  is  moved  back and  forth  over a  l ength  of 1 00  mm.  The  number 
of cycles  shal l  be  speci fi ed  i n  the  detai l  speci fication .   

4.4.3  Requirements   

The marking  shal l  be  leg ib le  at the  completion  of the  test  after the  number of cycles  speci fi ed  
i n  the  deta i l  speci fication .   

4.4.4  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  number of cycles ;  

b)  method  used ;   

c)  force  appl ied  i f other than  speci fied  herein .  

 

Figure 3  – Typical  test set-up  for tests  E2A and  E2B method  1  
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Figure 4 – Typical  test set-up  for test E2B,  apparatus  2  

5 Method  E3:  Crush  

5.1  Object   

The purpose  of th is  test i s  to  determ ine  the  abi l i ty of an  optica l  fi bre  cable  to  wi thstand  
crush ing  for l ong  term  and  for short-term  l oads.   

NOTE  Method  E3A corresponds  to  the  defau l t  method ,  Method  E3  Crush ,  d efi ned  i n  I EC 60794-1 -2 : 201 3.  

5.2  Sample   

The sample  shal l  be  of a  l ength  sufficien t to  carry ou t the  speci fi ed  test.   

5.3  Method  E3A:  Plate/plate  

5.3. 1  Apparatus   

The apparatus  shal l  a l l ow a  sample  of cable  to  be  crushed  between  a  fl at steel  base  plate  and  
a  movable  steel  p l ate  wh ich  appl i es  the  crush ing  force  un i form ly over a  1 00  mm  length  of the  
sample.   

The  edges  of the  movable  p late  shal l  be  rounded  wi th  a  rad ius  of about 5  mm .  The  edges  are  
not i ncluded  in  the  1 00  mm  flat part  of the  p late.  A su i table  apparatus  i s  shown  i n  F igure  5.  

5.3.2  Procedure   

The cable  sample  shal l  be  moun ted  between  the  p lates  so  that l ateral  movement is  prevented ,  
and  the  force  shal l  be  appl ied  gradual l y wi thout any abrupt change.  I f the  force  i s  appl ied  in  
i ncremental  steps,  these  shal l  not  exceed  a  ratio  of 1 , 5: 1 .   
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The  force  shal l  be  main tained  stable  at the  speci fied  test va lue  at a  speci fied  time.  Th is  time 
is  typ ical l y 1  m in  (short-term)  or 1 0  m in  ( long-term)  i f not speci fied  i n  the  detai l  speci fication .  
Attenuation  measurement shal l  be  performed  before  the  force  i s  re leased .  

Un less  otherwise  speci fi ed  in  the  detai l  speci fication ,  the  test shal l  be  performed  th ree  times,  
the  force  being  appl ied  on  the  specimen  at three  d i fferent pl aces,  wi thout rotati ng  the  cable.  
The  d istance  between  each  crush  shal l  be  not l ess  than  500  mm  apart  and  d i fferent from  the  
l ay l ength  of the  cable  core.  

Un less  otherwise  speci fied ,  the  cond i tions  for testi ng  shal l  be  in  accordance wi th  standard  
atmospheric cond i tions.   

5.4  Method  E3B:  Mandrel /plate  

5.4. 1  Apparatus   

The same apparatus  as  for Method  E3A shal l  be  used ,  bu t a  steel  mandrel  wi th  a  d iameter of 
25  mm  (un less  otherwise  speci fied  i n  the  detai l  speci fication)  i s  i nserted  perpend icu lar to  the  
sample  or replaces  the  movable  p late  i n  F igure  6 .  

5.4.2  Procedure   

The procedure  i s  the  same as  for Method  E3A but a  steel  mandrel  wi th  a  d iameter of 25  mm  
(un less  otherwise  speci fi ed  i n  the  detai l  speci fication)  i s  i nserted  perpend icu lar to  the  sample.  

5.5  Requi rements   

The  acceptance cri teria  for the  test shal l  be  as  stated  i n  the  detai l  speci fication .  Typical  fa i l u re  
modes  i nclude  loss  of optical  continu i ty,  degradation  of optical  transm i ttance  or phys ical  
damage  to  the  cable.  

NOTE  Imprin ts  or scratches  on  sheath  and  cable  e l ements  are  not  regarded  as  a  fai l u re.  

5.6  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i nclude  the  fol lowing :   

a)  tota l  force  appl ied ,  F;   

b)  duration  of appl ication  of the  force;   

c)  number of tests;   

d )  spacing  between  test p laces;  

e)  configuration  of mandrel ,  i f used ;  

f)  maximum  al lowable  change i n  optical  transm i ttance  for short-  and  long-term  load  during  
and  after the  test.  
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Key 

R  rad ius  of edge  of movabl e  p l ate,  5  mm  

F force  on  movabl e  p l ace,  as  defi ned  i n  relevant  speci fi cation  

L  l eng th  of p l ate,  1 00  mm  

1  movable  p l ate  

2  cable  under test  

3  fi xed  p l ate  

Figure  5  – Apparatus  for crush  test,  Method  E3A,  detai l s  of plate/plate  option   
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Key 

F force  on  movabl e  p l ace,  as  defi ned  i n  re levant  speci fi cation  

L  l eng th  of p l ate,  1 00  mm  

1  movable  p l ate  

2  cable  under test  

3  fi xed  p l ate  

4  mandrel  (cyl i nder or ha l f-cyl i nder),  25  mm  d iameter 

Figure 6  – Apparatus  for crush  test,  Method  E3B,  detai ls  of p late/mandrel  option  

6 Method  E4:  Impact 

6.1  Object   

The purpose  of th is  test i s  to  determ ine  the  abi l i ty of an  optica l  fi bre  cable  to  wi thstand  
impact.   

6.2  Sample   

6.2. 1  Sample  l ength   

The sample  l ength  shal l  be  sufficien t to  carry ou t the  speci fi ed  test.  When  on l y phys ical  
damage is  to  be  evaluated ,  the  l eng th  may range  from  1  m  (for example  for smal l  d iameter 
j umper cords  or duplex cables)  to  5  m  (for l arger d iameter cables) .  Longer l eng ths  may be  
necessary to  perm i t optical  measurements .   

6.2.2  Termination   

The sample  shal l  be  term inated  at  each  end  i n  a  connector,  or i n  a  manner such  that the  
fibres,  sheath ings  and  any strain  members  are  clamped  together i n  a  represen tati ve  manner.  
Clamps  on  the  impact apparatus  may be  used ,  or the  sample  may be  l ong  enough  so  that no  
restrain t  i s  needed .   

6.3  Apparatus   

The apparatus  shal l  a l l ow an  impact to  be  imparted  to  the  cable  sample  wh ich  i s  fixed  to  a  fl at 
substan tia l  s teel  base.  When  a  s ing le  or on l y a  few impacts  are  requ i red ,  a  su i table  
apparatus,  as  shown  in  F igure  7a,  i s  used .  Th is  al l ows  a  weight to  d rop  vertical l y on to  a  p iece  
of steel  wh ich  transm its  the  impact to  the  cable  sample.  When  repeated  impacts  are  requ ired  
(say,  more  than  fi ve) ,  a  more  practical  apparatus,  as  shown  i n  F igure  7b,  i s  used ,  wh ich  
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a l l ows  mu l ti ple  impacts  by a  d rop  hammer.  The  apparatus  shal l  be  arranged  to  impart m in imal  
friction  to  the  moving  weigh t/hammer.  

NOTE  Th is  i ssue  of fri cti on  has  been  found  to  be  a  parti cu l ar prob lem  when  the  apparatus  i s  used  at  temperature  
extremes.  

I n  both  cases,  other equ ivalent  apparatus  may a lso  be  used .   

The  striking  surface  shal l  e i ther be  fl at or have  a  curved  surface  wi th  curvature  rad ius  of no 
l ess  than  300  mm.  I f us ing  a  fl at striki ng  surface,  the  edges  of the  face  shal l  be  rad iused  to  
avoid  a  s tress  concentration  riser,  F igure  7c,  detai l  B .  I f us ing  a  300  mm  curvature  rad ius  
striki ng  surface,  then  the  surface  may a lso  be  a  spherica l  segment,  as  shown  i n  F igure  7c,  
detai l  A,  s ince  for such  a  l arge  curvature  rad ius  th is  g i ves  an  equ ivalent  test method  to  that 
when  us ing  a  rounded  cyl inder, .  

The  rad ius  on  the  edge  on  the  flat s triking  surface  and  on  the  300  mm  curvature  rad ius  
striking  surface  shal l  be  approximatel y 0 , 5  mm.   

The  apparatus  shal l  i ncl ude  any optical  test equ ipment needed  to  measure  the  changes  i n  
optica l  performance  as  requ ired  i n  the  detai l  speci fication ,  and  speci fied  i n  Method  A 
(Transm i tted  power)  of I EC 60793-1 -46: 2001 .  

6.4 Procedure   

Un less  otherwise  speci fi ed ,  the  cond i ti ons  for testi ng  shal l  be  in  accordance wi th  standard  
atmospheric cond i ti ons.   

The  mass  of the  weight or d rop  hammer and  the  height from  wh ich  i t  fa l l s  sha l l  be  ad justed  to  
g i ve  the  va lue  of impact energy shown  i n  the  detai l  speci fication .  The  number and  rate  of 
impacts ,  and  thei r l ocation  on  the  sample  shal l  be  as  speci fied  i n  the  detai l  speci fication .  

6.5  Requi rements   

The  acceptance cri teria  for the  test shal l  be  as  stated  i n  the  detai l  speci fication .  Typica l  fa i l u re  
modes  i nclude  loss  of optical  continu i ty,  degradation  of optica l  transm ittance  or physica l  
damage  to  the  cable.   

6.6  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  number of impacts ;  

b)  impact energy;  

c)  test temperature;  

d )  rad ius  of the  s triking  surface  i f other than  speci fied  herein ;  

e)  frequency of mu l tip le  impacts  ( i f any) ;  

f)  l ocation  of impacts  on  the  sample;   

g )  i f optica l  conti nu i ty or change  i n  transm ittance  i s  to  be  measured .  
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F igure  7a  – Impact test – Apparatus  for a  few impacts  

 

 

Figure  7b  – Impact test – Apparatus  for mu l tiple  impacts  
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Figure  7c – Impact test – Detai l s  of the  s triking  surface  
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Figure 7  – Impact  test  

7 Method  E5A:  Stripping  force stabi l i ty of cabled  optical  fibres  

7. 1  Object   

This  test determ ines  the  stabi l i ty of the  stripping  force  of the  coating  of cabled  fibres  by 
measuring  the  change  in  fi bre  strippabi l i ty after exposure  to  speci fied  envi ronmenta l  
cond i ti ons.   

7.2  Sample   

7.2. 1  Sample  l ength   

The l ength  of the  cable  or fi bre  sample  shal l  be  su fficien t to  carry ou t the  speci fied  test.   

7.2.2  Sample  preparation   

The cable  from  wh ich  the  fi bres  shal l  be  taken  i s  precond i tioned ,  as  speci fi ed  i n  the  detai l  
speci fication ,  prior to  wi thdrawal  of the  fi bres.  

The  test shal l  be  carried  ou t on  fi bres  taken  from  a  sample  of cable  wh ich  i s  further d i vi ded  
i n to  two  lengths  (m in imum  2  m ).  One  l eng th  i s  for testi ng  and  the  other for reference  
measurements .  

Sufficient samples  shal l  be  provided  to  al l ow tests  to  be  carried  ou t on  1 0  test p ieces  of fi bre,  
cond i ti oned  as  speci fied  i n  the  deta i l  speci fication ,  and  compared  wi th  test resu l ts  for fibres  
taken  from  the  reference cable  l eng th .  

After wi thdrawal ,  any fi l l i ng  compound  adhering  to  the  fi bres  shal l  be  carefu l l y removed  (e. g .  
by wip ing  wi th  a  soft ti ssue) .  

7.3  Apparatus   

The  apparatus  cons ists  of cond i ti on ing  equ ipment ( i f necessary)  and  a  fi bre  s trippabi l i ty 
apparatus  (see  the  s trippabi l i ty test method  of I EC  60793-1 -32:201 0) .   
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7.4 Procedure   

The optica l  fi bre  strippabi l i ty shal l  be  measured  on  the  envi ronmental l y cond i tioned  samples  
us ing  the  strippabi l i ty method  of I EC  60793-1 -32,  after the  recovery time  and  recond i ti on ing  
as  g i ven  i n  the  deta i l  speci fication .  The  same method  shal l  be  used  to  measure  the  
strippabi l i ty of fibre  samples  taken  from  the  reference cable  length  and  the  change i n  stripping  
force  shal l  be  determ ined  from  a  comparison  of the  resu l ts.   

Al ternative l y,  samples  may be  taken  from  cable  aged  accord ing  to  Method  F9  of I EC 60794-1 -
22 : 201 2.  

7.5  Requi rements   

The change i n  s tripping  force  shal l  meet the  requ i rements  speci fi ed  i n  the  detai l  speci fication .   

7.6  Detai ls  to  be  specified   

The  detai l  speci fication  shal l  i ncl ude  the  fol lowing :   

a)  cable  precond i ti on ing ;   

b)  fibre  cond i tion ing ;   

c)  recovery time and  recond i ti on ing ;   

d )  perm iss ible  change  i n  stripping  force.   

8 Method  E5B:  Strippabi l i ty of optical  fibre ribbons  

8. 1  Object  

The purpose  of th is  test i s  to  evaluate  the  strippabi l i ty of optical  fi bre  ribbons  i n  terms  of fibre  
clean l iness  after coating  removal  and  fi bre  breakage  due  to  ri bbon  s tripping .  

8.2  Sample  

The test sample  shal l  be  representati ve  of the  popu lation  of ri bbons  under evaluation .  

Samples  may be  taken  sequentia l l y a long  a  l eng th  of ri bbon  bu t sections  of the  ri bbon  
previous l y i n  the  grips  of the  s tripping  tool  shal l  be  excluded .  

The  l ength  of the  sample  shal l  be  sufficien t to  a l l ow the  matrix and  fi bre  coatings  to  be  
removed  over a  m in imum  length  of 25  mm  wi th  a  maximum  of ten  and  a  m in imum  of five  strips  
per sample.  

Sample  envi ronmental  cond i ti on ing  requ i rements  shal l  be  ag reed  between  customer and  
suppl ier.  

8.3  Apparatus  

8.3. 1  General  

A ribbon  stripping  apparatus  and  cond i tion ing  equ ipment ( i f necessary).  

8.3.2  Stripping  tool  

The resu l ts  of the  test are  strong l y dependent upon  the  des ign  of the  stripping  tool  used  and  
the  fol l owing  tool  des ign  gu idel i nes  shal l  be  taken  i n to  account:  

– The  mechan ica l  s tripping  tool  sha l l  provide  a  heated  surface  that operates  at a  

temperature  i n  the  range  +70  °C to  +1 40  °C.  The  heated  surface,  once  set  to  the  speci fied  
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temperature,  shal l  main tain  that temperature  wi th in  ±  5  °C  during  the  stripping  operation .  
The  heated  surface(s)  sha l l  be  l ocated  beh ind  the  stripping  b lades  and  posi ti oned  to  heat 
the  part  of the  ribbon  in  wh ich  the  coating  is  to  be  removed .  

Heat-up  time  and  dwel l  time  for the  tool  may be  important and  the  tool  manufacturers  
recommendations  shal l  be  fo l l owed .  

Fol low the  ribbon  manufacturer’s  recommendations  for setting  the  tool  temperature.  

– The  stripping  tool  or load ing  fixture  shal l  main tain  a  constan t pressure  sufficien t for proper 
stripping .  Care  shal l  be  taken  that the  tool  does  not  beg in  to  open  during  s tripping .   

– The  s ize  of the  gap  between  the  b lades  shal l  be  known.  Th is  d imension  and  i ts  to lerance  
shal l  ensure  that the  b lades  cu t through  the  matrix materia l  and  fi bre  coatings  wi thout  
damag ing  the  fi bre  cladd ing .  

– The  cond i tion  of the  b lades  can  greatl y affect the  peak strip  force  and  stripping  action .  The  
edges  of the  blades  shal l  be  i nspected  for notches  and  burrs  under normal  vis ion  before  
and  after use.  

– Replace  the  b lades  when  they become damaged  or b lunt or whenever wear is  sufficien t to  
affect the  resu l ts .  

8.3.3  Motor and  sl ide  ( i f used )  

The motor and  s l ide  shal l  a l low repeatable  motion  wi th  l ow vibration  and  fast acceleration .  
They shal l  be  capable  of imparti ng  constant motion ,  wi thout j erking ,  to  the  test ribbon  or 
stripping  tool .  

I f a  manual  tool  i s  used ,  the  stripping  action  shal l  fo l l ow these  same cri teria .  

8.3.4  Posi tion ing  and  hold ing  equ ipment 

The test sample  shal l  be  fi rm ly held  in  p lace  so  that no  s l ippage  occurs  (a  capstan  i s  
recommended).  The  sample  ri bbon  fibres  shal l  be  i n  l i ne  (vertical l y,  hori zon ta l l y and  
rotational l y)  wi th  the  plane  of the  s tripping  motion .  

8.3.5  Alcohol  wipe  

A non-abras ive  cloth  or paper materia l  satu rated  wi th  a  su i table  a lcohol  solu tion  shal l  be  used  
to  wipe  the  fibres  after s tripping .  

8.4 Procedure  

Un less  otherwise  speci fi ed ,  the  cond i ti on  for testi ng  shal l  be  i n  accordance wi th  control led  

ambien t cond i tions.  The strip  l ength  shal l  be  ≥  25  mm  and  the  strip  veloci ty sha l l  be  as  g i ven  
i n  the  deta i l  speci fication  (between  1 00  mm/m in  and  500  mm/m in).  

Turn  on  the  test  apparatus  and  a l l ow the  tool  temperature  to  stabi l i ze.  

Ensure  that the  area  around  both  b lades  of the  stripping  tool  i s  free  from  debris  from  any 
previous  use  and  that the  b lades  are  clean .   

Strip  the  ribbon  fol l owing  the  manufacturer’s  recommendation  on  heating  dwel l  time  prior to  
stripping .   

After stripping  wipe  the  stripped  fi bres  wi th  the  a lcohol  wipe  and  i nspect  them  visual l y at a  
magn i fication  of a t l east 2X.  

Assess  the  clean l iness  and  in tegri ty of the  fi bres  after stripping  as  i nd icated  i n  Table  1 .   
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Table  1  – Cond i tion  of stripped  samples  

Rating  Condi tion  of stripped  sample  

1  Coati ng  and  matri x materia l s  l eave  no  res idue  after one  or two  a l cohol  wipe  

2  Coati ng  and  matri x materia l  crumbles  or breaks  up  l eaving  a  heavy res i due  upon  s tri pping  and  
mu l ti p l e  a l cohol  wi pes  are  requ i red  to  remove  res idue  on  the  fi bres.  F ibres  are  capable  of bei ng  
wiped  cl ean  wi thout  a  second  s tri p.  

3  I ncomplete  stri p,  some fi bre  coati ng  remains  i n tact.  Mu l ti pl e  stri ps  and  a l cohol  wipes  are  requ i red  to  
remove  a l l  vi s ib le  res idue  from  the  fi bres.  

4  Fai l ed  stri p:   

– One  or more  fi bres  break.  

– Fai l  to  s tri p  wi th i n  the  requ i red  speed .  

 

Carry out the  number of strips  as  g iven  i n  the  deta i l  speci fication  and  ca lcu late  the  average  
clean l iness  rating  for each  sample,  rounded  to  the  nearest whole  number.  

8.5  Requ irements  

The average clean l iness  rati ng  shal l  comply wi th  the  values  g i ven  i n  the  deta i l  speci fication .  

No  fi bres  shal l  break.  

8.6  Detai l s  to  be  specified  

The detai l  speci fication  shal l  i nclude  the  fol lowing :  

a)  type  of stripping  apparatus;  

b)  average  dwel l  time;  

c)  stripping  tool  temperature;  

d )  stripping  ve loci ty;  

e)  strip  l eng th ;  

f)  sample  envi ronmental  cond i tion ing ;  

g )  requ ired  average  clean l iness  rati ng ;  

h )  number of fi bres  i n  the  ri bbon .  

9  Method  E5C:  Strippabi l i ty of buffered  optical  fibres  

9. 1  Object  

This  test determ ines  the  stabi l i ty of the  stripping  force  of buffered  optical  fi bres.  

Tests  to  evaluate  two types  of buffers  are  i ncluded :  t i gh t buffer fibres,  where  the  buffer i s  in  
i n timate  con tact wi th  the  fibre ’s  ou ter coating ,  and  l oosel y-bound  buffer fibres,  wherein  the  
buffer i s  des igned  to  be  removable  wh i le  l eaving  the  fibre  coating  in tact.  

9 . 2  Sample  

Samples  of buffered  fi bre  to  be  tested  shal l  comply wi th  the  requ i rements  of Method  E5A.  

9.3  Apparatus  

The apparatus  shal l  comply wi th  the  requ irements  of Method  E5A.  
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The  fibre  s tripping  apparatus  shal l  have  sufficien t clearance to  accommodate  the  buffer to  be  
stripped .  

I n  the  case  of l oosel y-bound  buffer,  the  cu tti ng  surfaces  of the  fibre  s tripping  apparatus  shal l  
be  s i zed  such  that the  coating  of the  fibre  beneath  the  buffer i s  not cu t or damaged  by the  
stripping  operation .  

9.4  Procedure  

Fol low the  procedure  of Method  E5A.  

I f comparison  of unaged  and  aged  samples  is  speci fied ,  perform  the  procedure  as  fol lows,  
fol l owing  the  i n ten t of Method  E5A:  

– Set  as ide  unaged  control  samples  for l ater test.  

– Age  the  buffered  fibre  i n  the  cable  or i n  a  represen tati ve  envi ronment i n  the  l ab  ( in  fi l l ,  or 
the  l i ke,  as  appropriate)  as  speci fi ed  i n  the  deta i l  speci fication .  Ageing  accord ing  to  
Method  F9  of I EC  60794-1 -22:201 2  is  general l y appropriate.  

– After ageing ,  remove  the  samples  from  the  cable  or other for s trip  testing .  

– Perform  the  stripping  of the  con trol  samples  and  the  aged  samples  per method  E5A.  

9.5  Requi rements  

The buffered  fi bres  shal l  meet the  s trippabi l i ty or s trippabi l i ty stabi l i ty requ irements  of the  
detai l  speci fication .  

9.6  Detai ls  to  be  specified  

The  detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  cable  precond i ti on ing ,  i f any;  

b)  fibre  cond i tion ing ;  

c)  recovery time and  recond i ti on ing ;   

d )  perm iss ible  change  i n  strip  force  or maximum/m in imum  strip  force .  

1 0  Method  E6:  Repeated  bending  

1 0. 1  Object  

The purpose  of th is  test i s  to  determ ine  the  abi l i ty of an  optical  fi bre  cable  to  wi thstand  
repeated  bend ing .   

Repeated  bend ing  of connectorized  optical  fi bre  cable  i nvolves  testi ng  as  a  un i t,  testing  both  
the  capabi l i ti es  of the  cable  and  the  connector.  Th is  testi ng  i s  defi ned  by I EC  61 300-2-44.  
Refer to  that s tandard  for testi ng  of connectorized  assembl ies .  

1 0.2  Sample  

1 0 .2. 1  Sample  l ength  

The sample  l ength  shal l  be  sufficien t to  carry ou t the  speci fi ed  test.  When  on l y phys ical  
damage  i s  to  be  evaluated  the  l ength  may range  from  1  m  (for example  for smal l  d iameter 
cords  or duplex cables)  to  5  m  (for l arger d iameter cables).  Longer lengths  may be  necessary 
to  perm i t  optical  measurements.   
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1 0.2.2  Termination  

The sample  shal l  be  term inated  at each  end  i n  a  manner such  that the  fibres,  sheath ings  and  
any stra in  members  are  clamped  together i n  a  representati ve  manner.  The  clamps  on  the  
bend ing  apparatus  may be  adequate,  a  connector may be  used  or the  sample  may be  l ong  
enough  that no  restrain t  i s  needed .   

1 0.3  Apparatus   

The apparatus  shal l  perm i t a  sample  to  be  ben t backwards  and  forwards  through  ang les  up  to  
1 80° ,  the  two  extreme pos i ti ons  making  an  ang le  of 90°  on  both  s ides  of the  vertical ,  wh i l st  
the  sample  i s  subjected  to  a  tensi l e  l oad .  I f no  tens i l e  l oad  is  speci fied ,  a  manual  tens ion  
sufficient to  keep the  sample  i n  contact wi th  the  mandrel  may be  used .  For testi ng  cable,  a  
su i table  apparatus  is  shown  in  F igure  8 .  Other equ iva len t apparatus  may be  used .   

Un less  otherwise  speci fi ed  i n  the  detai l  speci fication ,  the  bend ing  rad ius  of curvatu re  shal l  be  
a  maximum  of 20  times  the  cable  d iameter or the  m in imum  mandrel  rad ius ,  wh ichever i s  
greater.  The  m in imum  mandrel  rad ius  shal l  be  75  mm  for ou tdoor cables ,  and  75  mm  or 
25  mm  shal l  be  agreed  for i ndoor cables  between  the  customer and  the  suppl ier  

The  bend ing  arm  shal l  have  an  ad justable  clamp or fixture  to  perm i t  hold ing  the  cable  
securel y du ring  the  en ti re  test,  wi thout crush ing  the  optical  fi bres  or i nduci ng  optical  l oss .  A 
connector may be  used  to  hold  the  cable  on  the  bend ing  arm ,  bu t for th is  test i t  i s  not  
cons idered  part of the  specimen  under test.  See  I EC  61 300-2-44  for an  appropriate  
apparatus.  

The  apparatus  shal l  be  capable  of cycl ing .  D isplacing  the  sample  from  the  vertica l  posi tion  to  
the  extreme ri gh t pos i tion ,  then  osci l lating  to  the  extreme l eft  pos i tion  and  retu rn ing  to  the  
orig inal  vertica l  pos i tion  i s  considered  to  be  one  cycle.  Un less  otherwise  speci fied  in  the  detai l  
speci fication ,  the  bend ing  rate  shal l  be  approximatel y one  cycle  i n  2  s  to  5  s .   

The  apparatus  shal l  i ncl ude  any optica l  test equ ipment needed  to  measure  the  changes  i n  
optical  performance as  requ i red  i n  the  detai l  speci fication ,  and  speci fi ed  i n  Method  A 
(transm itted  power)  of I EC 60793-1 -46: 2001 .   

1 0.4  Procedure   

Un less  otherwise  speci fi ed ,  the  cond i ti ons  for testi ng  shal l  be  i n  accordance wi th  standard  
atmospheric cond i ti ons.   

The  procedure  can  be  defined  as  fo l l owed :   

a)  precond i tion  the  sample  at  standard  atmospheric cond i ti ons  for 24  h ;   

b)  fix  the  sample  to  the  apparatus,  as  such  shown  in  F igure  8;   

c)  appl y the  load ,  as  requ i red  by the  deta i l  speci fication ;   

d )  measure  acceptance cri teria  parameters  to  establ ish  basel ine  va lues;   

e)  carry ou t  the  number of cycles  of repeated  bend ing  speci fied ;   

f)  carry ou t acceptance cri teria  parameter measurements.  I f necessary,  the  sample  may be  
removed  from  the  apparatus  for visual  exam ination .   

1 0.5  Requ irements   

The acceptance cri teria  for the  test sha l l  be  as  stated  i n  the  deta i l  speci fication .  Typical  fa i l u re  
modes  i nclude  loss  of optica l  conti nu i ty,  degradation  of optica l  transm i ttance  or phys ica l  
damage  to  the  cable.   
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1 0.6  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i nclude  the  fol lowing :   

a)  number of cycles ;  

b)  mass  of the  weigh t tens i l e  l oad ,  i f appl icable;  

c)  bend ing  rad ius  R,  i f d i fferen t to  that a l ready speci fied ;  

d )  speci fic temperature  i f other than  standard  atmospheric cond i tions ;  

e)  maximum  a l lowable  change  in  optical  transm i ttance,  during  and  after the  test i f requ i red .  

 

 

Key 

1   cl amp  

2   axi s  of rotati on  

3    sample  

R   bend ing  rad ius  

F   l oad ,  i f requ i red  

Figure 8  – Repeated  bending  test  for cable/connector assembly 

1 1  Method  E7:  Torsion  

1 1 . 1  Object   

This  test method  i s  i n tended  to  establ ish  the  abi l i ty of a  fibre  optic cable  to  wi thstand  
mechan ical  twisting .  The  primary purpose  of th is  procedure  is  to  measure  any variation  i n  the  
optical  power transm i ttance  of a  fi bre  when  the  cable  is  subj ected  to  tors ional  forces  external  
to  the  cable  sheath .  A secondary purpose  is  to  evaluate  the  possib i l i ty of phys ical  damage  
that  may occur as  a  resu l t  of such  s tresses.   

1 1 .2  Sample   

The specimen  shal l  be  a  sample  of fibre  optic cable  having  a  tota l  l eng th  sufficien t to  perm i t 
the  appropriate  clamping  and  twisti ng ,  and  long  enough  to  perm i t optical  transm ittance  
measurements  as  requ ired  by the  deta i l  speci fication .  

IEC 

90°  90°  

2  

1  

3  

F  

R  

Copyright International  Electrotechnical  Commission  



I EC 60794-1 -21 : 201 5  © I EC  201 5  – 31  – 

1 1 .3  Apparatus   

The twisting  apparatus  cons ists  essential l y of two  cable  gripping  devices  or clamps,  one  fixed  
and  one  that can  rotate,  supported  as  appropriate,  the  d is tance  between  them  being  ad j ust-
able.  The  rotating  clamp i s  connected  to  su i table  turn ing  equ ipment (e . g .  a  torqu ing  l ever).  
Any clamp supports,  gripping  devices  or torqu ing  equ ipment used  shal l  a l l  be  such  as  to  
perm i t access  to  both  ends  of the  cable  specimen  for optical  testing  as  may be  requ ired .  
Su i table  apparatus  i s  i l l ustrated  i n  F igure  9,  F i gu re  1 0.  and  F igu re  1 1 .  

The  cable  gripping  devices  shal l  be  such  that  

– they may be  ti ghtened  around  the  cable  sufficien tl y to  prevent movement wi th in  the  grip,   

– the  clamps  hold  the  cable  fi rm ly i n  a  stra igh t l i ne,   

– the  clamps  i nduce  nei ther l ocal i zed  twisting  damage on  the  cable  caused  by the  i ns ide  
edge  of the  clamp nor undue  l ocal i zed  concentration  of pressure  on  the  cable,   

– the  process  of cl amping  does  not i nduce  any s i gn i ficant  or accurate l y measurable  
attenuation  i ncrease  (or no  more  than  a  neg l i g ib le  i ncrease)  in  the  specimen .   

I f requ i red  by the  deta i l  speci fication  and /or to  m in im ize  specimen  bend ing  from  a  stra igh t  
configuration ,  use  weigh ts  or an  appropriate  load ing  mechan ism  to  appl y a  tens i l e  l oad  to  the  
cable  g ripping  fixture  (see  F igure  1 0 .  F i gure  1 1 ).  I n  any case,  one  end  of the  gripping  fixtures  
shal l  be  free  to  move l ong i tud inal l y to  respond  to  foreshorten ing  of the  cable.  

The  apparatus  shal l  i ncl ude  optical  transm ittance  equ ipment to  measure  the  change i n  optical  
th roughpu t as  requ ired  i n  the  detai l  speci fication ,  and  speci fi ed  i n  Method  A ( transm i tted  
power)  of I EC 60793-1 -46: 2001 .   

1 1 .4  Procedure   

I nsta l l  the  specimen  i n  the  test apparatus  such  that the  test l eng th  L  (see  F igu re  9,  F igure  1 0  
and  F igure  1 1 )  i s  as  requ i red  by Table  2  or by the  detai l  speci fication .   

Table  2  – Typical  test gauge l ength  

Cable  type  Maximum  gauge  l ength  

1  Outdoor cable  2  2  m  

3  I ndoor cable  4  1  m  

5  I ndoor cable  6  Greater of 0 , 3  m  or 1 25  d   
(d  =  cab le  d i ameter i n  mm) 

 

Take care  to  i nsure  that no  in i tia l  stress  i s  appl i ed  to  the  specimen .  Except for the  necessary 
twisti ng  operation ,  take  care  not to  move or d isturb  the  specimen  ends  throughout the  test.  
I n trins ical l y torque-resistan t cables  may need  a  l onger gauge  l eng th  to  be  agreed  between  
customer and  suppl ier.  

M in im ize  specimen  sag  (Figu re  9  or F igure  1 0)  or vertical  deviation  from  a  stra igh t l i ne   
(F igure  1 1 )  as  much  as  poss ib le.   

I f change  of optical  performance  is  requ ired  by the  detai l  speci fication ,  measure  the  
unstressed  specimen.  Compare  resu l ts  wi th  those  after cl amping  to  ensure  that the  clamping  
has  not s i gn i ficantl y degraded  the  cable  performance.   

I f not proh ib i ted  by the  deta i l  speci fication ,  specimen  sag  or bend  may be  m in im ized  by 
supporting  the  test  length  or by appl ying  tens ion  to  the  specimen  cable.  I f requ i red ,  appl y 
tens ion  as  speci fied  i n  the  deta i l  speci fication  to  keep  the  specimen  straigh t.  
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I f a  determ ination  of optical  transm ittance  changes  i s  requ i red  by the  detai l  speci fication ,  
measure  optica l  ou tpu t power for the  specimen  after cl amping  and  appl ication  of tens i l e  l oad ,  
i f any.  

Rotate  the  movable  cable  cl amp as  fol lows:  

a)  1 80°  clockwise;  

b)  return  to  the  s tarting  pos i tion ;  

c)  1 80°  coun ter-clockwise;  

d )  return  to  the  starting  pos i tion .  

Th is  tota l  four-part movement consti tu tes  one  cycle.  Complete  each  cycle  wi th in  1  m in  
maximum ,  for a  tota l  of 1 0  cycles.  

Carry ou t the  acceptance  cri teria  parameters  measurements .  Al l ow the  specimen  to  rest for a  
m in imum  period  of 5  m in .  I f necessary,  the  sample  may be  removed  from  the  apparatus  for 
visual  exam ination  us ing  normal  corrected  vis ion .  

1 1 .5  Requi rements   

The acceptance cri teria  for the  sample  under test shal l  be  as  stated  i n  the  detai l  speci fication .  
Typica l  fa i l u re  modes  i nclude  loss  of optica l  continu i ty,  i ncrease  in  fibre  loss  and  damage to  
the  cable  sheath  or core  components .   

1 1 .6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

a)  test l eng th ,  L ,  i f other than  speci fied  herein ;   

b)  any tension  wh ich  is  to  be  appl i ed ,  i f appl icable ;  

c)  number of cycles ,  i f other than  speci fi ed  herein ;  

d )  number of fibres  to  be  mon i tored  for optica l  transm i ttance;   

e)  maximum  a l lowable  change  in  optical  transm i ttance,  i f requ i red ;   

f)  rotati ng  ang le,  i f other than  speci fi ed  herein ;  

g )  temperature  of the  specimen ,  i f other than  speci fi ed  herein .  

1 1 .7  Detai l s  to  be  reported  

The fol l owing  deta i l s  shal l  be  reported :  

a)  number of cycles ;  

b)  cycle  time.  
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Figure 9  – Cable  torsion  apparatus  

  

Figure 1 0  – Cable  torsion  apparatus  wi th  tension  appl ied  

 

Figure 1 1  – Al ternative cable  torsion  apparatus  wi th  tension  appl ied  
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1 2  Method  E8:  Flexing  

1 2. 1  Object   

The purpose  of th is  test i s  to  determ ine  the  ab i l i ty of an  optica l  fi bre  cable  to  wi thstand  
repeated  fl exing  i n  service.  Th is  i s  a  specia l i zed  test i n tended  for speci fic  types  of cable,  such  
as  e levator cable  or the  l i ke.  

NOTE  See  the  re l ated  tests,  Method  E1 8A,  bend i ng  under tension  and  Method  E1 8B,  the  sheave  test.  See  a l so  
Method  E6,  the  repeated  bend i ng  test.  

1 2.2  Sample   

The sample  shal l  be  term inated  i n  a  manner such  that the  fi bres,  sheaths  and  any stra in  
members  are  clamped  together i n  a  representati ve  manner.  I t  shal l  be  of a  length  sufficien t to  
carry ou t  the  speci fied  test.   

1 2.3  Apparatus   

The test  i s  carried  ou t us ing  the  apparatus  shown  i n  F igure  1 2.  Any other arrangements  shal l  
be  speci fi ed  i n  the  detai l  speci fication .  

The  pu l l eys  shal l  have  a  sem ici rcu lar shaped  groove for ci rcu lar cables  and  a  flat groove for 
flat cables .   The  restrain ing  clamps,  D ,  shal l  be  fi xed  so  that the  pu l l  i s  a lways  appl ied  by the  
weigh t from  wh ich  the  carriage  is  moving  away.  An  equ ivalent  apparatus  may be  used ,  for 
example  that  shown  in  I EC  60227-2 .   

1 2 .4  Procedure   

Un less  otherwise  speci fied ,  the  cond i tions  for testing  shal l  be  in  accordance wi th  standard  
atmospheric cond i tions.   

The  sample  shal l  be  rou ted  over the  pu l leys,  each  end  being  l oaded  wi th  a  weigh t.  The  mass 
of these  weigh ts  and  the  d iameters  of pu l leys  A and  B  (or other)  shal l  be  as  speci fi ed  i n  the  
detai l  speci fication .   

The  sample  shal l  be  fl exed  for the  number of cycles  speci fi ed  i n  the  detai l  speci fication .  A 
cycle  is  defined  as  the  movement of the  carriage  away from  i ts  s tarting  posi ti on  to  one  end  of 
the  traverse,  fol l owed  by movement i n  the  opposi te  d i rection  to  the  other end  and  then  back to  
the  s tarti ng  pos i ti on .  Ensure  that the  l ength  of the  cable  is  moved  over the  wheels .  

The  speed  of the  carriage  movement or the  total  time  for the  traverse  shal l  be  speci fied  i n  the  
detai l  speci fication .  

The  acceleration  and  deceleration  of the  carriage  shal l  be  l im i ted  to  avoid  add i tional  i nertia l  
l oads.  

1 2 .5  Requi rements  

The acceptance cri teria  for the  test shal l  be  as  stated  i n  the  detai l  speci fication .  Typical  fa i l u re  
modes  i nclude  loss  of optical  conti nu i ty,  degradation  of optical  transm i ttance  or phys ical  
damage  to  the  cable.   

1 2 .6  Detai ls  to  be  specified  

The  detai l  speci fication  shal l  i ncl ude  the  fol lowing :   

a)  d iameter of pu l ley A and  B  and  the  orien ting  pu l leys ;  

b)  mass  of weights ;   
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c)  number of cycles ;  

d )  speed  of carriage  or tota l  time  for traverse;  

e)  acceleration  and  deceleration  of the  carriage;  

f)  traverse  l eng th  of the  carriage;  

g )  m in imal  d istance  of pu l l eys  A and  B  to  the  nearest fixed  pu l ley;  

h )  maximum  a l l owable  change  in  optica l  transm i ttance,  during  and  after the  test i f requ i red .  

 

Figure 1 2  – F lexing  apparatus  

1 3  Method  E9:  Snatch  (deleted)  

NOTE  Th is  test  – now de leted  – was  to  evaluate  the  effects  of a  sudden  l oad  bei ng  appl i ed  to  a  short  section  of a  
suspended  cabl e.  E ffecti ve ly,  a  hook wi th  a  wei gh t  wou ld  be  d ropped  such  that  the  hook engaged  a  cabl e  
suspended  i n  a  manner to  be  determ ined .  I t  i s  not  cl ear what  the  ori g i na l  i n ten t  of the  test  was,  what  the  detai l s  of 
the  apparatus  and  procedure  were,  or why i t  was  deci ded  to  remove  i t.  

1 4 Method  E1 0:  Kink 

1 4. 1  Object   

The purpose  of th is  test i s  to  determ ine  the  m in imum  loop  d iameter at the  onset of the  ki nking  
of an  optical  fibre  cable .   

NOTE  Testi ng  has  i nd icated  that  the  resu l ts  of th i s  test  for cable  have  l im i ted  reproducib i l i ty.  I t  i s  advi sed  that  i t  
shou ld  be  used  wi th  cau tion  and  that  any m in imum  kink requ i rement be  conservati ve.  

1 4.2  Sample   

The sample  l eng th  shal l  be  sufficien t to  carry ou t  the  speci fied  test.   

1 4.3  Apparatus   

No particu lar apparatus  i s  requ i red .  I t  i s  usefu l  to  l oosel y restra in  the  cable  at the  crossing  
poin t  of the  loop.  
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1 4.4  Procedure   

Un less  otherwise  speci fi ed ,  the  cond i ti ons  for testi ng  shal l  be  i n  accordance  wi th  standard  
atmospheric cond i ti ons.  

A loop  shal l  be  made (see  (1 )  i n  F igure  1 23).  The  d iameter of the  l oop  shal l  be  reduced  to  the  
onset of kinking  by pu l l i ng  s lowly on  the  two ends  (see  (2)  i n  F igure  1 3).  The  forces  at the  
bottom  of the  l oop  shal l  be  appl i ed  i n  one  p lane.  

When  the  kinking  beg ins,  stop  pu l l i ng .  

Measure  the  l eng th  of the  cable  i n  the  l oop,  C,  beg inn ing  and  end ing  at  the  crossover poin t.  
Ca lcu late  the  equ ivalen t l oop  “d iameter”  by appl yi ng  the  formu la:  

 d  =  C/π   (1 )  

1 4.5  Requ irements  

No kink,  as  shown  in  (3) ,  i n  F igure  1 23,  sha l l  occur at d iameters  greater than  the  speci fied  
m in imum .   

1 4.6  Detai l s  to  be  specified  

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  m in imum  loop  d iameter at wh ich  no  ki nk shal l  occur;  

b)  temperature;  

c)  number of samples  to  be  evaluated .  

 

Key 

1   i n i ti a l  l oop  

2   d i rection  of pu l l  

3   ki nked  confi guration  

Figure  1 3  – Kink test  
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1 5  Method  E1 1 :  Bend  

1 5. 1  Object  

The purpose  of th is  test i s  to  determ ine  the  abi l i ty of an  optical  fibre  cable  or cable  e lement to  
wi thstand  bend ing  around  a  test mandrel .  

NOTE  Th is  test  may be  u ti l i zed  at  any speci fi ed  temperatu re,  i ncl ud ing  the  l ow or h i gh  temperature  l im i ts  for the  
cable.  

1 5.2  Sample  

The sample  shal l  be  term inated  at each  end  i n  a  manner such  that the  fi bres,  sheath(s)  and  
any stra in  members  are  clamped  together i n  a  representati ve  manner,  or the  sample  may be  
l ong  enough  that no  restra in t i s  needed .  

1 5.3  Apparatus  

A s ing le  mandrel  apparatus  shal l  enable  the  sample  to  be  wrapped  tangen tia l l y in  a  close  
he l ix  around  a  test  mandrel .  See  F igure  1 4 .  

1 5.4  Procedure  

As i nd icated  i n  the  detai l  speci fication ,  one  of the  fol l owing  procedures  shal l  be  used .   

1 5.4. 1  Procedure  1  – Test method  E1 1 A (standard  test procedure)  

The  sample  shal l  be  wrapped  i n  a  cl ose  he l ix around  the  mandrel  at  a  un i form  rate.  Sufficien t 
tension  shal l  be  appl i ed  to  ensure  that  the  sample  contours  the  mandrel .  The  sample  shal l  
then  be  unwrapped .   

The  i n ten t of test method  E1 1 A i s  to  speci fy the  test  us ing  the  apparatus  i n  F igure  1 4a1 ,  that 
is ,  the  tota l  number of coi l s  i n  the  he l ix.  E i ther apparatus  may be  used  for testing  per test 
method  E1 1 A.   

Use  of the  apparatus  in  F igu re  1 4a2  appl ies  two he l ixes,  therefore  twice  the  number of coi l s  
as  for the  apparatus  i n  F igure  1 4a1 .  

Therefore,  i f the  apparatus  as  shown  i n  F igure  1 4a2  is  used ,  the  number of turns  of the  
mandrel  or upon  the  mandrel  [1 5. 6  d )]  shou ld  be  one-hal f of those  speci fied  to  ach ieve  the  
correct number of coi l s  i n  the  combined  hel ixes.  

When  us ing  the  apparatus  in  F igure  1 4a1 ,  the  cable  i nvolved  in  the  he l ix i s  to  be  appl ied  
wi thout  twists .  

A cycle  cons ists  of one  wrapping  and  one  unwrapping  of the  hel ix.   

The  d iameter of the  test mandrel ,  the  number of turns  per hel ix and  the  number of cycles  shal l  
be  shown  in  the  detai l  speci fication .   

The  test shal l  be  carried  ou t at the  speci fied  temperature.  

1 5.4.2  Procedure  2  – Test method  E1 1 B  (al ternative  test  procedure)  

The sample  shal l  be  ben t around  a  mandrel  through  1 80°  and  kept tau t du ring  the  bend i ng .  A 
cycle  cons ists  of one  U  bend  fol l owed  by a  reverse  U  bend ,  and  a  return  to  the  s tra ight  
posi tion .  The  d iameter of the  test mandrel  and  the  number of cycles  shal l  be  stated  in  the  
detai l  speci fication .   
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The  test shal l  be  carried  ou t at the  speci fi ed  temperature.  

1 5.5  Requ irements   

The acceptance cri teria  for the  test sha l l  be  as  stated  i n  the  deta i l  speci fication .  Typica l  fa i l u re  
modes  i nclude  loss  of optica l  conti nu i ty,  degradation  of optica l  transm ittance  or physica l  
damage  to  the  cable.   

1 5.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :   

a)  procedure  to  be  used  (procedure  1  or procedure  2 );   

b)  test mandrel  d iameter (or ratio  of mandrel  d iameter to  cable  d iameter) ;   

c)  number of cycles ;   

d )  number of turns  i n  the  hel ix (for procedure  1 ) ;   

e)  maximum  a l l owable  attenuation  i ncrease:   

– during  the  test ( i f appl icable) ,   

– after the  test ( i f appl icable);   

f)  test temperature,  e. g .  ambient,  l ow,  and /or h igh ,  as  appropriate.  

  

Figure  1 4a1  – S ing le-hel i x configuration  Figure  1 4a2  – Two-hel ix con figuration  

Figure  1 4a  – Apparatus  for E1 1 A 

 

Figure  1 4b  – Apparatus  for E1 1 B  

Figure 1 4 – Bend  test apparatus  
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1 6  Method  E1 2:  Cut-through  resistance (deleted)  

1 7  Method  E1 3:  Shotgun  damage  

1 7. 1  Object  

The purpose  of th is  test i s  to  determ ine  the  abi l i ty of aeria l  optica l  cables  to  wi thstand  shotgun  
damage.  

NOTE  Due  to  the  wi de  range  of possib le  vari ati ons  i n  th i s  test  (see  1 9. 3. 2  a)  and  c)),  th i s  test  i s  cons idered  a  
specia l ty test  for very speci fi c  appl i cations.  Most cabl es  wi l l  n ot  be  subj ected  to  th i s  test.  

1 7.2  General   

Two test methods  are  described :   

a)  method  E1 3A,  i n  wh ich  a  shotgun  is  fi red  at a  cable  sample  mounted  on  a  frame;   

b)  method  E1 3B,  wh ich  s imu lates  the  impact from  a  shotgun  pe l let:  a  s i ng le  pel let i s  
impacted  in to  a  cable  sample  wi th  the  energy equ ivalen t to  that of a  pe l let fi red  from  a  
shotgun  at a  g i ven  range,  up  to  40  m .   

1 7.3  Method  E1 3A:  Shotgun  test  

1 7 .3. 1  Sample   

A l eng th  of optica l  cable  ( typical l y 3  m  l ong)  i s  used .   

1 7.3.2  Apparatus   

The apparatus  consists  of  

a)  a  shotgun ,  as  speci fied  i n  the  detai l  speci fication ,  

NOTE  1  The  type  of gun  i s  l i kel y to  vary from  country to  coun try.  

b)  a  frame for hold ing  the  cable  sample.  I t  i s  importan t that the  sample  be  free  to  move and  
the  test set-up  shou ld  a lso  take  i n to  accoun t that the  shot may scatter in  an  e l l iptica l  
manner depend ing  on  the  gun  used ,  

c)  gunshot:  

1 )  as  speci fied  i n  the  detai l  speci fication .  

The  shot s i ze  is  l i kel y to  vary from  coun try to  country and  shou ld  represen t the  hazard  
particu lar to  the  i nsta l l ation .  I t  i s  recommended  that the  shot d iameter be  recorded .  

2)  the  shot type  shal l  be  speci fi ed  in  the  detai l  speci fication .  

Typica l l y,  l ead ,  steel ,  or composi te  materials  are  used ,  depend ing  on  the   coun try.  
Lead  shot deforms on  impact and  i s  l ess  damag ing  than  steel  shot.  I t  i s  recommended  
that  the  shot materia l  be  recorded .  

3)  the  cartridge  type  shal l  be  speci fied  i n  the  detai l  speci fication .  

1 7.3.3  Procedure   

The cable  sample  shal l  be  mounted  on  the  frame and  shot at from  the  d istance  speci fi ed  i n  
the  deta i l  speci fication .  A typica l  d istance  is  20  m .   

After the  test,  the  sample  shal l  be  inspected  accord ing  to  the  acceptance cri teria  speci fied .  

The  test report sha l l  i ncl ude  the  fol l owing  in formation :   

a)  detai ls  of test  configuration ,  i nclud ing  cable  orien tation ;  

b)  report of damage  i n fl icted ,  incl ud ing  fibre  conti nu i ty;  
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c)  number of tests  carried  ou t  to  ach ieve  m in imum  vi s ible  impacts ;  

d )  shot d iameter;  

e)  shot material .  

f)  cartri dge  type;  

g )  data  on  the  shotgun  (see  1 7. 3. 2  a) .  

1 7.3.4  Requ irements   

The acceptance  cri teria  for the  test shal l  be  stated  in  the  deta i l  speci fication .  Typical  fa i l u re  
modes  include  damage to  the  cable  core  e lements  (for example,  p iercing  of l oose  tubes)  and  
l oss  of con tinu i ty.   

1 7.3.5  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i nclude  the  fol lowing  i n formation :  

a)  gun  type;  

b)  shot s i ze  and  d iameter;  

c)  shot type;  

d )  cartri dge  type;  

e)  d istance  between  gun  and  sample;  

f)  acceptance  cri teria.  

1 7.4  Method  E1 3B:  Shotgun  simu lation  

1 7 .4. 1  Sample   

The sample  l eng th  shal l  be  sufficien t to  carry ou t the  testing  speci fi ed .  A short l eng th  i s  
adequate  when  on l y physical  damage i s  to  be  evaluated ,  bu t  l onger l engths  wi l l  be  necessary 
to  perm i t  optical  measurements.   

1 7.4.2  Apparatus   

A su i table  apparatus  is  g i ven  i n  F igure  1 5,  F i gure  1 6  and  F igure  1 7.  The  apparatus  comprises  
the  fol l owing :  

a)  A d rop  weigh t.   

A schematic  of the  d rop  weigh t,  wh ich  incorporates  the  d rop-weigh t body and  a  shot 
support  p i n  i s  g iven  i n  F igure  1 6.   

The  weigh t used  shal l  be  sufficient  to  s imu late  the  energy of a  shot fi red  from  a  g iven  
range,  when  dropped  from  the  re levant heigh t.  For i n formation  purposes,  gu idance  on  the  
calcu lation  of su i table  weigh ts  and  drop  heights  for a  g i ven  shot s i ze  i s  g i ven  i n  1 9 . 4. 6.   

The  shot support  p i n  shou ld  be  chosen  such  that i ts  d iameter “B”  i s  not g reater than  the  
overal l  d iameter of the  shotgun  pel l et and  i s  typical l y 0 , 2  mm  smal ler.  The  pin  face  shou ld  
be  profi l ed  to  g i ve  a  fl at  l and ing ,  shown  by “A”,  i n  order to  reduce the  ri sk of pel l et 
shearing  and  p in  damage.   

For smal l  cables  ( typical l y <1 0  mm),  an  a l ternative  d rop  weight and  shot support p i n  may 
be  used  for improved  test accuracy (see  F igure  1 7) ,  i n  order to  prevent sample  rotation  
and /or shot deflection  du ring  the  test.   

b)  A d rop-weigh t gu id ing  tube,  to  gu ide  the  weight towards  the  test sample,  I t  may be  
conven ient  to  i ncorporate  release  p ins  to  secure  the  d rop  weigh t at the  requ ired  drop  
height.  Typical l y,  a  25, 4  mm  square  section  i s  used  to  m in im ize  friction  between  the  inner 
surface  of the  gu ide  tube  and  the  ou ter surface  of the  cyl i ndrica l  d rop-weight body or vice  
versa.   

c)  A l ocation  b lock.  The  l ocation  b lock may have  a  target zone  ho le  for conven ience  in  
l ocating  the  sample.  
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d )  P lastic adhes ive  or other,  for affixing  the  shot to  the  d rop  weigh t p in .   

e)  Optical  test equ ipment,  i f requ i red ,  to  measure  the  optical  performance.   

1 7.4.3  Procedure   

The cable  sample  shal l  be  p laced  on  the  l ocation  b lock,  d i rectl y over the  target zone  hole,  i f 
used .  C lamps,  fi tted  to  the  location  b lock,  may be  used  to  secure  the  sample  i n  p lace.  I f 
optical  transm ission  i s  be ing  recorded ,  the  sample  shal l  be  p laced  so  that  the  pel l et  wi l l  
impact above at l east one  fi bre  that i s  being  measured .  The  pel l et i s  fi tted  to  the  p in  of the  
drop  weigh t us ing  a  su i table  materia l ,  such  as  a  reusable  p lastic adhesive.  A smal l  amount 
shou ld  be  used  such  that  the  impact i s  not absorbed  by the  adhesive.  The  weigh t i s  then  fixed  
at the  appropriate  he igh t i n  the  gu ide  tube,  as  wi th  the  re lease  p ins .  The  drop  weight i s  
re leased  a l l owing  the  d rop  weight  to  impact on  the  cable  sample.   

Un less  otherwise  speci fi ed ,  the  test  i s  on l y carried  ou t once  at  the  same sample  l ocation .   

1 7.4.4  Requi rements   

The acceptance  cri teria  for the  test sha l l  be  stated  in  the  detai l  speci fication .  Typica l  fa i l u re  
modes  include  damage to  the  cable  core  e lements  (for example,  p iercing  of l oose  tubes)  and  
l oss  of con ti nu i ty.   

1 7.4.5  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :   

a)  shot s ize;  

b)  shot type;  

c)  d rop  weigh t;  

d )  d rop  he igh t;  

NOTE:  See  1 9. 4 . 6  for cal cu lati ng  d rop  wei gh t  and  height.   

e)  number of impacts  at separate  l ocations;  

f)  acceptance  cri teria;  

g )  test temperature.  

1 7.4.6  Calcu lation  of drop weight and  height  

Consider a  shotgun  pe l let of mass,  m ,  moving  wi th  a  ve loci ty,  v.  I t  wi l l  have  a  kinetic energy of 
Ek,  g i ven  by Equation  (2) :  

 
2

2

1
mvEk =  (2)  

where  

Ek   i s  the  kinetic  energy,  i n  J ;  

m   i s  the  pel let mass,  in  kg ;  

v   i s  the  pel let veloci ty i n  ms -1 .  

This  can  be  equated  to  a  d rop  weight's  potentia l  energy (see  Equation  (3)):  

 
MghEE pk ==  (3)  

where  

Ep   i s  the  potentia l  energy,  i n  J ;  
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M   i s  the  d rop-weigh t mass,  i n  kg ;  

g   i s  the  d rop-weigh t acceleration ,  i n  ms
−2
;  

h   i s  the  d is tance  d ropped ,  i n  m .   

Re-arrang ing  the  equation  is  then  poss ib le  to  define  the  d rop  weigh t's  mass  i n  terms  of d rop  
height:   

 gh

E
M k

=  (4)  

where  

Ek   i s  the  kinetic  energy,  i n  J ;  

g   i s  the  d rop-weigh t acceleration ,  i n  ms
−2
;  

h   i s  the  d istance  dropped ,  i n  m .  

Using  representati ve  cartridge  data,  an  appropriate  test may be  defined .  For example,  a  l ead  
pel let wi th  average  mass  of 0 , 083  3  g ,  fi red  from  a  range  of 25  m ,  typ i cal l y has  an  impact 
veloci ty of 234  ms

−1
.  Hence us ing  Equation  (2):  

 
22343083000,0

2

1
×=kE J  (5)  

 
5281,2=kE J  (6)  

Assum ing  a  conven ien t d rop  height of 1  m ,  and  us ing  Equation  (3):   

 181,9

5281,2

×
=M  kg  (7)  

 233,0=M  kg  (8)  

As  i t  i s  preferable  to  use  the  same weigh t,  the  calcu lation  may be  completed  for a l ternative  
ranges  us ing  the  d rop  he igh t as  the  variable.   

I f requ ired ,  for cal ibration  purposes,  a  p l aque  of sheath ing  materia l  can  be  used  to  compare  
the  s imu lation  method  wi th  actual  fi e ld  tri a ls ,  for example,  a  2  mm  plaque  of h i gh-dens i ty 
pol yethylene  shot at from  40  m .  
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Key 

1   gu i de  tube,  square  section  recommended  

2  d rop  pu l l  

3   d rop  weight,  cyl i nd ri cal  

4   d rop  weight  re l ease  p i n  

5  cable  cl amp 

6   cable  specimen  

7   l ocation  b l ock 

8   target  zone  

Figure 1 5  – Method  E1 3B  test set-up  
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Figure 1 6  – Drop  weight  incorporating  shot support  pin  

 

Figure 1 7  – Al ternative drop  weight and  shot support pin  
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1 8  Method  E1 4:  Compound  flow (drip)   

1 8. 1  Object   

This  test i s  i n tended  to  veri fy that fi l l i ng  and  fl ood ing  compounds  wi l l  not fl ow from  a  fi l l ed  or 
flooded  fibre  optic  cable,  at  stated  temperatures.   

1 8.2  Sample   

a)  Number and  type  of specimens   

Un less  otherwise  speci fi ed  i n  the  deta i l  speci fication ,  prepare  two  cable  specimens  for 
testing  from  each  cable  sample  to  be  evaluated .  Each  cable  specimen  shal l  be  
representati ve  of the  cable  type  speci fied  by the  deta i l  speci fication .   

b)  Specimen  length   

Un less  otherwise  speci fied  i n  the  detai l  speci fication ,  each  specimen  shal l  be  

200  mm  ±  5  mm  in  l eng th .   

c)  Specimen  preparation   

Prepare  each  cable  specimen  as  fo l lows,  making  any mod i fications  as  requ i red  in  i tem  d ):   

1 )  Remove  a  1 00  mm  ±  2 , 5  mm  section  of the  ou ter sheath ing  materia l  from  one  end .   

2)  Remove  a l l  remain ing  non- in tri ns ic cable  e lements  (e. g .  armour,  screens,  i nner 
sheaths,  he l ica l l y appl ied  strength  e lements ,  water b locking  tapes,  other core  wraps,  

etc. )  for a  l ength  of 80  mm  ±  2 , 5  mm  from  the  same cable  end .  Do  not  d is tu rb  the  
remainder of the  cable  (e. g .  the  fina l  buffer tubes  wh ich  con tain  the  opti cal  fi bres  or 
fi l l ers  used  for roundness).   

3)  Remove l oosel y adhered  quanti ti es  of fi l l ing  or fl ood ing  materia l  d is turbed  i n  1 )  or 2),  
bu t ensure  that the  specimen  remains  essentia l l y coated  by the  fi l l ing  or fl ood ing  
materia l  ( i . e.  do  not  wipe  clean).   

4)  For cable  des igns  con tain ing  componen ts  such  as  fibre  bund les  or ri bbons  wh ich  m ight 
move under the ir own  weight during  the  test,  secure  such  components  at  the  
unprepared  end  of the  specimen  i n  a  manner wh ich  does  not d is turb  the  remainder of 
the  specimen.  Such  components  may be  secured  by clamps,  epoxy p lugs  or other 
means  meeting  the  obj ecti ves  of the  procedure.   

5)  When  perm itted  by the  detai l  speci fication ,  the  upper ends  of buffer tubes  or loose  
tubes  may be  sealed  to  s imu late  l ong  length  cable  sections.   

d )  Specimen  term ination   

I f a l lowed  by the  detai l  speci fication ,  term inate  the  l ower end  of the  cable  specimen  
accord ing  to  the  manufacturer’s  recommendations  for term inati ng  the  cable  in  actual  use.  
Parts  of i tem  c)  procedure  may be  affected  by th is  term ination ,  bu t the  objective  of i tem  c)  
i s  to  be  fo l lowed .   

1 8.3  Apparatus   

The fol lowing  apparatus  and  equ ipment are  requ i red  to  perform  th is  test.   

a)  Chamber  

A temperature  chamber l arge  enough  to  hold  the  specimens  in  a  vertical  pos i tion ,  wi th  
sufficient thermal  capaci ty to  main tain  the  speci fied  temperatures  for the  duration  of the  
test.  I f the  temperature  chamber is  of a  ci rcu lati ng  a i r type,  the  ai r shal l  not b low d i rectl y 
on  the  test specimens.   

b)  Container  

A non-hygroscopic conta iner to  catch  dripping  materia l .   

c)  Anal ytical  ba lance  
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1 8.4  Procedure   

The fol l owing  steps  shal l  be  taken :  

a)  Preheat the  chamber to  the  temperature  speci fied  i n  the  detai l  speci fication .   

b)  P lace  each  prepared  specimen  in  the  oven ,  suspended  i n  a  vertica l  pos i tion  wi th  the  
prepared  end  down .  P lace  a  pre-weighed  clean  col lection  container d i rectl y under (but not 
con tacting)  the  suspended  specimen.   

c)  I f perm i tted  by the  detai l  speci fication ,  precond i tion ing  may be  performed  as  defined  in  1 )  
to  3)  below;  otherwise,  con tinue  wi th  d )  below:   

1 )  Stabi l i ze  the  chamber temperature  and ,  un less  otherwise  speci fi ed  i n  the  deta i l  
speci fication ,  precond i tion  each  specimen  for a  period  of 1  h .   

2)  At  the  end  of the  speci fi ed  precond i tion ing  time,  replace  the  col lection  container wi th  
another pre-weighed  clean  col l ection  container.  Weigh  the  precond i tion ing  col l ection  
con tainer to  measure  the  quan ti ty of fi l l i ng  or fl ood ing  compound  wh ich  may have  
d ripped  out of the  cable  during  the  precond i ti on ing .  A measured  quanti ty greater than  
the  speci fi ed  precond i ti on ing  l im i t  shal l  consti tu te  a  fai l u re.  Un less  otherwise  speci fi ed  
i n  the  deta i l  speci fication ,  the  precond i ti on ing  l im i t shal l  be  0 , 5  %  of the  tota l  cable  
specimen  weigh t or 0 , 5  g ,  wh ichever i s  the  smal l er;   

3)  Continue  testi ng  for 23  h ,  un less  otherwise  speci fi ed  i n  the  deta i l  speci fication ,  and  
con tinue  wi th  e) .   

d )  Stabi l i ze  the  chamber temperature  and ,  un less  otherwise  speci fied  i n  the  deta i l  
speci fication ,  test for a  period  of 24  h .   

e)  At the  end  of the  speci fi ed  time,  remove  and  weigh  the  col lection  container to  ca lcu late  
the  quan ti ty of fi l l i ng  or fl ood ing  compound  wh ich  may have  dripped  out of the  cable.   

f)  Record  th is  as  the  quan ti ty of d ri pped  fi l l i ng  or flood ing  compound  for each  cable  
specimen .  Un less  otherwise  speci fied  i n  the  detai l  speci fication ,  report "no  fl ow"  for 
measured  quan ti ty changes  l ess  than  or equal  to  0 , 005  g .   

1 8.5  Requirements   

Un less  otherwise  speci fi ed  i n  the  deta i l  speci fi cation ,  the  cable  specimens  shal l  be  perm i tted  
a  maximum  flow quan ti ty of 0 , 050  g .  I f the  fl ow quanti ty from  one  of the  cable  specimens  
exceeds  0, 050  g ,  bu t  i s  l ess  than  0 , 1 00  g ,  prepare  two add i tional  cable  specimens  i n  
accordance wi th  i tem  c)  of 1 8. 2 ,  and  test as  per i tems  a)  to  f)  of 1 8. 4 .  The  test shal l  be  
cons idered  successfu l  i f nei ther of the  second  set of specimens  has  fl ow quan ti ties  wh ich  
exceed  0, 050  g .  

1 8.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

a)  test temperature;  

b)  precond i tion ing  detai ls  ( i f perm i tted) :  

– statement that precond i ti on ing  i s  perm i tted  ( i f perm i tted) ,   

– exceptions  to  defau l t  precond i ti on ing  procedure  as  defined  in  1 8 . 4  c),  

– precond i tion ing  pass/fa i l  cri teria  i f other than  above;   

c)  any exceptions  to  be  appl ied  to  the  requ i rements  of th is  procedure;   

d )  acceptance (pass/fai l )  cri teria,  i f other than  defau l t.  
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1 9  Method  E1 5:  Bleeding  and  evaporation   

1 9. 1  Object   

The purpose  of th is  test i s  to  measure  at h igh  temperature  the  b leed ing  and/or evaporation  of 
fi l l i ng  compounds  used  i n  contact wi th  optical  fi bres.   

1 9.2  Sample   

Fi l l ing  compound  materia l  i n tended  to  be  used  i n  con tact  wi th  optica l  fibres.   

1 9.3  Apparatus   

The apparatus  consists  of  

a)  an  electric  heati ng  cabinet  wi th  natura l  venti l ation ,   

b)  an  anal ytica l  ba lance  wi th  an  error l im i t G  =  0 , 1  mg ,   

c)  the  test set-up  (see  F igure  1 8)  cons isting  of  

1 )  cone,  n ickel ,  gauze,  60  mesh  (holes:  5, 6  per mm 2 ;  wi re  d iameter:  0 , 1 9  mm ;  open ing :  
0 , 28  mm),  wi th  a  wire  hand le.  Al ternativel y the  cone may cons ist of sta in less  steel  (60  
mesh,  open ing  0 , 25  mm) and  the  solder wid th  may be  more  than  1  mm ,  provided  i t  i s  
proved  that the  resu l ts  are  not  s ign i fican tl y d i fferent from  the  fi rst  on ,  

2)  a  beaker,  ta l l -form ,  wi thout  a  spout,  200  m l ,  

NOTE  The  cover i s  not  needed  when  measuri ng  the  evaporati on .   

3)  a  desiccator.   

1 9.4  Procedure   

Weigh  the  clean  dry beaker and  record  as  M 1  (weighed  to  wi th in  1  mg).  Weigh  the  assembled  
beaker,  cone  and  cone  support and  record  as  M2 .  Add  abou t 1 0  g  of sample  to  the  cone  ( the  
upper surface  shal l  be  smooth  and  convex so  that fl u i d  i s  not trapped  and  there  shal l  be  no  
aggregate  materials  i n  the  gauze  mesh).  Weigh  the  assembled  apparatus  and  sample  and  
record  as  M3 .   

Heat  the  test set-up  i n  the  cabinet at  the  temperature  and  for the  duration  stated  i n  the  detai l  
speci fication .  Cool  to  room  temperatu re  in  the  desiccator.  Reweigh  the  assembled  apparatus  
and  record  as  M 4 .  Carefu l l y remove the  cone  support and  cone.  Reweigh  the  beaker and  
record  as  M5 .  Ca lcu late  the  percen tage  bleed ing  and  evaporation  and  report the  average  of 
the  dupl icate  resu l ts .   

Calcu lations:   

 %1 00Bleeding
23

15
×

−

−
=

MM

MM  (9)  

 %1 00
4

nEvaporatio
23

3
×

−

−
=

MM

MM  (1 0)  

where  

b leed ing  is  the  amoun t of compound  wh ich  has  bled  i n to  the  beaker,  % ;  

evaporation  is  the  amoun t of compound  m issing  from  the  system ,  %.  
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1 9.5  Requ irements   

The reported  average  resu l ts  shal l  not exceed  the  maximum  values  g iven  in  the  detai l  
speci fication .   

1 9.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

a)  test temperature;  

b)  duration  of test;  

c)  type  of cone  to  be  used  i f d i ffering  from  that  of 1 9. 3,  c) ,  1 ) ;  

d )  number of samples  to  be  tested .  

 

Dimensions in  millimetres  

 

Figure 1 8  – Bleeding  and  evaporation  test set-up 

20  Method  E1 6:  [Ti tle  unknown]  (deleted)  

21  Method  E1 7:  Bending  sti ffness  

21 . 1  Object   

The purpose  of th is  test i s  to  measure  the  bend ing  sti ffness  of an  optical  fi bre  cable.  Three  
a l ternative  methods  are  appl icable,  depend ing  on  the  type  of cable.   

Testi ng  i nd icates  that there  may be  a  s i gn i ficant variation  of the  resu l t  from  sample  to  sample  
when  perform ing  these  tests.  Th is  i s  due  to  the  deta i l s  of the  test apparatus  and  the  
complexi ty of i n teraction  of the  cable  components  i n  bend ing .  Therefore,  these  tests  wou ld  be  
used  for investigation  and  experiment,  and  not for performance  speci fication .  I t  i s  advised  that 
they be  used  wi th  cau tion  and  that  any sti ffness  requ irements(s)  be  conservative.  

21 .2  General   

Sti ffness  in  bend ing  i s  a  parameter used  to  evaluate  the  performance of a  cable  when  
i nstal l ed  using  conventional  pu l l i ng  techn iques  (for example  in  d ucts ,  trunking ,  condu i t  or 
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under fl oors)  and  a lso  when  us ing  b lowing  techn iques.  Sti ffness  i s  a lso  used  to  ensure  that 
j umper and  indoor cables  are  sufficien tl y rugged  yet fl exib le  enough  to  wi thstand  instal l ation  
and  normal  usage.  Cable  sti ffness  values  determ ined  for any of these  tests  may not be  
equ ivalent to  va lues  determ ined  i n  the  other tests .  

The  three  methods  involved  are  

– Method  E1 7A – th ree-poin t  bend ,  

– Method  E1 7B  – canti l ever bend ,  

– Method  E1 7C  – buckl ing  bend .  

Methods  E1 7A and  E1 7B  are  su i table  for l arge  cables.   

Method  E1 7B  i s  a lso  su i table  for smal ler cables  i nclud ing  l i gh tl y armoured  cables  and  i ndoor 
cables.   

Method  E1 7C is  su i table  for smal l  cables  such  as  rugged ized  s ing le-fibre  cables.   

21 .3  Method  E1 7A:  Three-point bend  

21 .3. 1  Sample   

The sample  l eng th  shal l  be  sufficien t to  carry ou t the  speci fi ed  test.   

21 .3.2  Apparatus   

The three-poin t bend ing  test set-up  i s  shown  i n  F igure  1 9 .  The  sample  i s  p l aced  on  two  
supports  wh ich  a l low free  movement of the  cable  (e. g .  the  supports  may be  rotating  bars).  
Means  shal l  be  provided  to  appl y a  force  to  the  sample  at a  poin t m idway between  the  
supports  and  to  measure  the  subsequent d isplacement.  The  force  is  appl i ed  at a  speci fied  
rate  or at a  rate  l ess  than  the  speci fied  maximum.  Typica l l y,  th is  force-d isplacement 
apparatus  is  a  tensi l e  testi ng  mach ine.  

21 .3.3  Procedure   

Set the  supports  at a  d istance  apart as  speci fi ed  i n  the  deta i l  speci fication .  The  test sample  is  
p laced  on  the  supports,  the  force  appl ied  and  the  d isplacement measured .  

NOTE  1  The  force  may be  of a  speci fi ed  val ue  or a  menu  of va l ues  or may be  a  conti nual  fu nction  of the  force  
re l ated  to  the  measured  d i spl acement  

The sample  shal l  be  l onger than  the  d istance  between  the  supports  by an  amount wh ich  
ensures  that any i n ternal  movement of the  cable  components  does  not affect the  resu l t.   

The  force  can  be  appl i ed  by a  b lade  fixed  to  a  tensi le  testing  mach ine  or by weigh ts  hooked  to  
the  cable.   

I f a  force  F (N )  resu l ts  i n  a  d isplacement y (m )  and  i f x  i s  the  d istance  (m )  between  the  
supports ,  the  sti ffness  B  ( i n  N×m 2)  i s :   

 y

Fx
B

48

3

=  ( 1 1 )  

S ince  many cables  (e. g .  armoured  cables)  can  exh ib i t a  change  i n  behaviour from  elastic to  
i nelastic,  as  shown  i n  F igure  20 ,  i t  i s  preferable  for the  force  to  be  i ncreased  i n  i ncrements  so  
that  the  poin t  of any change can  be  i den ti fied .  The  sti ffness  to  be  speci fi ed  is  the  e lastic 
sti ffness  wh ich  is  g iven ,  i n  N×m 2 ,  by:   

Copyright International  Electrotechnical  Commission  



 – 50  – I EC 60794-1 -21 : 201 5  © I EC  201 5  

 αtan
48

3x
B =  (1 2 )  

where  

α   i s  the  ang le  of the  l i near part of the  curve,  see  F igure  20 .  

NOTE  2  Accord i ng  to  the  defi n i ti on  of tan  (a lpha),  i t ' s  un i t  i s  1  N /m .  

NOTE  3  I nstal l ati on  bends  may i n volve  bend i ng  i n  the  i nel asti c  reg ion .  

21 .3.4  Requirements   

The cable  s ti ffness  shal l  meet the  requ i rements  speci fied  i n  the  detai l  speci fication .   

21 .3.5  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  cable  type;  

b)  d istance  between  supports;  

c)  l ength  of sample;  

d )  maximum  force;  

e)  number of samples  tested ;  

f)  l oad ing  rate.  

21 .4  Method  E1 7B:  canti lever bend  

21 .4. 1  Sample   

The sample  l eng th  shal l  be  su fficient  to  carry ou t the  speci fi ed  test.   

21 .4.2  Apparatus   

The canti l ever test set-up  is  shown  i n  F igure  21 .  The  sample  is  secured  i n  a  cl amp and  means  
shal l  be  provided  to  appl y a  force  to  the  end  of the  sample  remote  from  the  clamp,  and  to  
measure  the  subsequent d isplacement.   

The  sample  length  and  clamp arrangement shal l  be  selected  to  ensure  that any in ternal  
movement of the  cable  components  does  not affect the  resu l t.  That i s ,  the  clamp may be  
affixed  at a  d istance  su fficien tl y far from  the  bend ing  poin t to  a l low s imu lated  cable  e lement 
movement i n  an  actual  cable.  

I n  some cases  (e. g .  smal l  j umper cables),  the  clamp can  be  des igned  to  con trol  the  bend ing  
rad ius  of the  sample,  as  shown  i n  F igure  21 b.   

21 .4.3  Procedure   

Fix the  sample  securel y i n  the  clamp,  appl y the  force  at a  d is tance,  L ,  from  the  clamp,  and  

measure  the  d isplacement.   

The  force  can  be  appl i ed  by a  tens i l e  testi ng  mach ine  or by weigh ts.   

I f a  force  F(N )  resu l ts  i n  a  d isp lacement y (m ),  wi th  a  span  length  L  (m ),  the  sti ffness  B  ( i n  

N×m2)  i s :   
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 αtan
33

33 L
Bor

y

FL
B ==  (1 3)  

where  

α   i s  the  bend ing  ang le.   

21 .4.4  Requi rements   

The cable  sti ffness  shal l  meet the  requ i rements  speci fied  i n  the  detai l  speci fication .   

21 .4.5  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

a)  cable  type;  

b)  cable  span  (L) ;  

c)  force  or maximum  force;  

d )  l ength  of sample;  

e)  number of samples  tested .  

21 .5  Method  E1 7C:  Buckl ing  bend  

21 .5. 1  Sample   

The sample  l eng th  shal l  be  sufficient  to  carry ou t  the  speci fi ed  test.   

21 .5.2  Apparatus   

The test set-up  i s  shown  i n  F igure  22.  I t  provides  a  means  of measuring  the  force  imparted  on  
the  test sample  when  bent in to  a  U -bend .  A su i table  apparatus  is  a  tens i le  testing  mach ine  
fi tted  wi th  a  l oad  cel l  and  capable  of main tain ing  a  g i ven  j aw separation  for a  speci fied  
duration .   

21 .5.3  Procedure   

The  sample  i s  fixed  to  the  apparatus  i n  a  s tra igh t cond i ti on .  The  j aw separation  i s  reduced  to  
a  va lue  g i ven  by s×d ,  where  d i s  the  cable  d iameter and  s  i s  the  separation  factor g i ven  i n  the  
detai l  speci fication .  After the  du ration  speci fi ed  i n  the  detai l  speci fication ,  the  force  imparted  
on  the  test sample  i s  recorded .  

NOTE  1  Separation  factor i s  defi ned  as  the  fi nal  j aw separation  d i stance  (see  F igure  21 )  and  the  d i stance  as  a  
mu l ti pl i er (or other functi on )  of cable  d i ameter.  

NOTE  2  The  force  i s  that  at  the  end  of the  speci fi ed  d u ration .  Typ ical l y,  a  h i gher force  wi l l  be  exh i b i ted  j ust  prior 
to  the  i n i ti ati on  of cabl e  buckl i ng  

The sti ffness  B ,  i n  N×m2 ,  i s  then :   

 2rFB π=  ( 1 4)  

where  

F  i s  the  measured  force,  i n  N ;  

r  i s  the  bend  rad ius  of cable  at  fi nal  j aw separation ,  i n  m .  

21 .5.4  Requirements   

The cable  s ti ffness  shal l  meet the  requ i rements  speci fied  i n  the  deta i l  speci fication .   
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21 .5.5  Detai l s  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  separation  factor (s) ;  

b)  duration  of test;  

c)  l ength  of sample;  

d )  number of samples  tested .  

 

Figure 1 9  – Method  E1 7A – Test set-up  

 

Figure  20  – Example  of resu l ts  of appl ied  force and  d isplacement  

 

 

Figure  21 a  – S imple  apparatus  Figure  21 b  – Apparatus  wi th  control  of rad ius  

Figure 21  – Method  E1 7B  – Test set-up  
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Figure 22  – Method  E1 7C – Test set-up  

22  Method  E1 8A:  Bending  under tension  

22. 1  Object   

The purpose  of th is  test i s  to  determ ine  the  ab i l i ty of an  optica l  fi bre  cable  to  wi thstand  
bend ing  around  rol lers  or bows  during  i nstal lation ,  when  a  speci fi ed  l oad  is  appl ied .  

Th is  test  i nvolves  e i ther a  bend  over a  rol l er or s im i l ar device  at  a  speci fied  ang le  
(Procedure  1 )  or a  reverse  bend  over a  pai r of ro l l ers  (Procedure  2).  These  tests  are  general l y 
cons idered  to  s imu late  bend ing  that any type  of cable  may experience  during  instal lation .  

NOTE   See  the  re lated  test  method  E1 8B,  sheave  test.  Method  E1 8B  may be  used  as  an  a l ternati ve  to  method  
E1 8A.  

22.2  Sample   

The sample  shal l  be  taken  from  one  end  of a  fin ished  cable,  wi thou t cu tti ng  i f speci fi ed  in  the  
detai l  speci fication .   

Both  ends  of the  specimen  shal l  be  term inated  i n  such  a  way that the  speci fi ed  l oad  can  be  
appl ied .   

The  sample  shal l  be  marked  at  poin ts  A and  B  as  shown  i n  F igure  23  or F igure  24.  

The  d istance  between  marks  A and  B  shal l  be  g reater than  the  core  and  strength  member l ay 
l ength  for he l ical l y stranded  cables  and  greater than  the  d istance  between  l ay reversals  for S -
Z stranded  cables.  I t  i s  recommended  that th is  d i stance  be  at  l east three  times  the  l ay l eng th .  

22.3  Apparatus   

The apparatus  consists  of  

– a  tens i le  power device  wi th  a  maximum  error of ±3  %,   

– i f requ i red  for a  particu lar user appl ication ,  a ttenuation  measuring  apparatus  for the 
determ ination  of attenuation  change and/or fibre  elongation  stra in  measuring  apparatus.  
The  l eng th  of the  optica l  fibre  shal l  be  a  length  sufficien t to  perform  the  test and  make 
optical  measurements,  

The  procedure  to  be  used  shal l  be  agreed  between  customer and  suppl ier and  shou ld  reflect 
the  most severe  i nstal lation  scenario  wh ich  may be  experienced .   
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Procedure  1  
One rol l er/sheave  wi th  a  rad ius  (r)  as  g iven  i n  the  re levan t speci fication  and  as  shown  i n  
F igure  22  is  used .  The  i ncluded  ang le  of the  bend ,  θ,  sha l l  be  speci fi ed  i n  the  re levant 
speci fication .  1 80  °  i s  a  common l y used  value.  

Procedure  2   
Two rol lers/sheaves  wi th  a  rad ius  (R) ,  and  a  d is tance  Y or a  bend ing  ang le  θ  as  g i ven  i n  the  
re levant  speci fication  and  as  shown  i n  F igure  24 .  

22.4  Procedure  

The test shal l  be  carried  ou t at ambien t temperatu re.   

I f optical  attenuation  testi ng  i s  speci fi ed  i n  the  deta i l  speci fication ,  the  attenuation  shal l  be  
recorded  before  the  speci fi ed  l oad  is  appl ied ,  and  after the  test when  the  load  i s  zero.   

Depend ing  on  the  i nsta l l ation  method ,  and  as  i nd icated  i n  the  d eta i l  speci fication ,  one  of the  
fol lowing  procedures  shal l  be  used .   

Procedure  1   
– The  cable  shal l  be  moved  around  a  cyl i nder or on  a  device  as  speci fi ed  in  the  re levant  

speci fication ,  at an  ang le  speci fi ed  i n  the  relevan t speci fication ,  as  shown  i n  F igure  23  or 
other values  agreed  between  the  customer and  the  suppl ier.   

– The  tens ion  shal l  be  conti nuous l y i ncreased  to  the  requ ired  value  g i ven  i n  the  detai l  
speci fication .   

– The  cable  shal l  be  moved  from  poin t A to  poin t  B  (see  F igure  23)  and  then  retu rned  to  
poin t  A,  wi th  a  speed  and  i n  a  number of cycles  as  speci fi ed  in  the  detai l  speci fication .   

Procedure  2   
– The  cable  shal l  be  ben t around  two cyl i nders  i n  an  S  form  manner (S -bend),  or on  a  

device  as  speci fi ed  in  the  deta i l  speci fication ,  as  shown  i n  F igure  24.   
– The  tens ion  shal l  be  conti nuous l y i ncreased  to  the  requ ired  value  g i ven  i n  the  detai l  

speci fication .   

– There  are  two  a l ternatives  as  fol lows:   

•  the  cable  shal l  be  moved  from  poin t A to  poin t  B  (see  F igure  23)  and  then  returned  to  
poin t  A,  wi th  a  speed  and  i n  a  number of cycles  as  speci fi ed  i n  the  detai l  speci fication ;   

•  the  apparatus  shal l  be  moved  re lative  to  the  cable  from  poin t A to  poin t B  (see  F igure  
24)  and  then  returned  to  poin t A,  wi th  a  speed  and  in  a  number of cycles  as  speci fi ed  
i n  the  detai l  speci fication .   

22.5  Requ irements   

Under visual  exam ination  wi thou t magn i fication  there  shal l  be  no  damage to  the  sheath  and /or 
to  the  cable  e lements .   

I f speci fied ,  any permanen t i ncrease  in  attenuation  after the  test shal l  not exceed  the  value  
speci fied  i n  the  detai l  speci fication .   

Further detai led  requ i rements  shou ld  be  g i ven  i n  the  deta i l  speci fication .   

22.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

– procedure  used  (1  or 2 );  

– maximum  tension  appl ied  during  test (typical l y the  maximum  load  wh ich  may be  appl ied  
during  i nsta l lation) ;   

– l ength  of the  cable  and  l eng th  ben t under tens ion ,  d istance  A to  B ;   

– end  preparation ;   
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– tens ion  device;   

– procedure  1  

•  rad ius  (r)  of rol l ers ,  

•  bend  ang le  over ro l ler;  

– procedure  2  

•  rad ius  (R)  of ro l lers/cyl inders/mandrels ,  

•  d istance  Y or bend ing  ang le  θ ;  

–  moving  speed  ( typical l y ≤  i nsta l l ation  speed);   

– number of moving  cycles ;   

– maximum  a l lowable  attenuation  i ncrease  after the  test ( i f appl icable).  

 

Key 

A,  B  test  end  poin ts  

R  rad ius  of rol l er 

θ  wrap  ang le  

Figure 23  – S ing le-bend  

IEC 

θ

     

A  

B  

R 

Copyright International  Electrotechnical  Commission  



 – 56  – I EC 60794-1 -21 : 201 5  © I EC  201 5  

 
Key 

A,  B  test  end  poin ts  

Y separation  of rol l ers  

R  rad ius  of rol l ers  

θ  wrap  ang le  

Figure  24 – S-bend  

23  Method  E1 8B:  Sheave  test (primari ly for OPGW and  OPAC)  

23. 1  Object   

The purpose  of th is  test  i s  to  determ ine  the  ab i l i ty of the  optical  g round  wire  (OPGW) or 
optical  attached  cable  (OPAC)  to  wi thstand  bend ing  around  rol lers  or bows  during  i nsta l lation ,  
when  a  speci fied  l oad  is  appl ied .   

Th is  test involves  e i ther a  bend  over a  s i ng le  sheave or s im i lar device  (Procedure  1 )  or an  S-
Z bend  over three  in l i ne  sheaves  (Procedure  2 ).  These  tests  are  general l y cons idered  to  
s imu late  bend ing  that  an  aeria l  cable  may experience  during  i nstal lation .  

NOTE  See  the  re l ated  test  method  E1 8A,  bend ing  under tension .  Method  E1 8A may be  u sed  as  an  a l ternati ve  to  
Method  E1 8B.  

23.2  Sample   

The sample  shal l  be  taken  from  one  end  of a  fin ished  cable,  wi thou t cu tti ng  i f speci fied  in  the  
detai l  speci fication .   

Both  ends  of the  specimen  shal l  be  term inated  i n  such  a  way that the  speci fi ed  l oad  can  be  
appl ied .   

The  sample  shal l  be  marked  at  poin ts  A and  B  as  shown  i n  F igure  25  or F igure  26.  
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The  d istance  between  marks  A and  B  shal l  be  greater than  the  core  and  strength  member l ay 
l ength  for hel ica l l y stranded  cables  and  greater than  the  d istance  between  l ay reversals  for S -
Z stranded  cables.  I t  i s  recommended  that th is  d i stance  be  at  l east three  times  the  l ay l eng th .  

23.3  Apparatus   

The apparatus  shal l  cons ist  of  

– a  tensi le  power device  wi th  a  maximum  error of ±  3  % .   

– the  sheave profi l e  shal l  be  sem i -ci rcu lar and  of sufficient rad ius  as  to  not impede  free  
cable  motion ,  

– i f requ ired  for a  particu lar user appl ication ,  attenuation  measuring  apparatus  for the 
determ ination  of attenuation  change and/or fi bre  elongation  stra in  measuring  apparatus.  
The  l eng th  of the  optical  fibre  shal l  be  a  l ength  sufficient to  perform  the  test and  make 
optical  measurements.  

The  procedure  to  be  used  shal l  be  agreed  between  the  customer and  the  suppl ier and  shou ld  
reflect  the  most severe  i nsta l l ation  scenario  wh ich  may be  experienced .   

Procedure  1  
One sheave wi th  a  rad ius  (R)  and  a  bend ing  ang le  θ  as  g i ven  i n  the  re levant speci fication  and  

as  shown  i n  F igure  25.  

Procedure  2  
Three sheaves  wi th  a  rad ius  (R)  and  a  bend ing  ang le  θ  as  g iven  in  the  re levant speci fication  

and  as  shown  in  F igure  26.   

23.4 Procedure   

The  test shal l  be  carried  ou t at ambien t temperature.   

I f optical  attenuation  testing  is  speci fied  i n  the  detai l  speci fication ,  the  attenuation  shal l  be  
recorded  before  the  speci fi ed  l oad  i s  appl ied ,  and  after the  test when  the  load  i s  zero.   

Depend ing  on  the  i nstal l ation  method ,  and  as  i nd icated  i n  the  detai l  speci fication ,  one  of the  
fol l owing  procedures  shal l  be  used .   

Procedure  1   

– The  cable  shal l  be  moved  around  a  cyl i nder or on  a  device  as  speci fi ed  in  the  detai l  
speci fication ,  through  an  ang le  as  speci fied  i n  the  detai l  speci fication  as  shown  i n   
F i gu re  25.  

– The  tens ion  shal l  be  conti nuous l y i ncreased  to  the  requ ired  value  g i ven  i n  the  detai l  
speci fication .   

– The  cable  shal l  be  moved  from  poin t A to  poin t  B  (see  F igure  25)  and  then  retu rned  to  
poin t  A,  wi th  a  speed  and  i n  a  number of cycles  as  speci fied  i n  the  deta i l  speci fication .   
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Procedure  2   

– The  cable  shal l  be  passed  through  the  cyl i nders  as  speci fied  in  the  detai l  speci fication ,  
through  an  ang le  as  speci fi ed  i n  the  detai l  speci fication  as  shown  i n  F igure  26.  

– The  tens ion  shal l  be  conti nuousl y increased  to  the  requ ired  value  g iven  i n  the  detai l  
speci fication .   

– There  are  two  a l ternatives  as  fol lows:   

a)  the  cable  shal l  be  moved  from  poin t A to  poin t  B  (see  F igure  26)  and  then  returned  to  
poin t A,  wi th  a  speed  and  i n  a  number of cycles  as  speci fi ed  i n  the  deta i l  speci fication ,  
or  

b)  the  apparatus  shal l  be  moved  re lati ve  to  the  cable  from  poin t A to  poin t B  (see  F igure  
26)  and  then  returned  to  poin t A,  wi th  a  speed  and  in  a  number of cycles  as  speci fied  
i n  the  detai l  speci fication .   

23.5  Requi rements   

Under visual  exam ination  wi thou t magn i fication  there  shal l  be  no  damage  to  the  sheath  and /or 
to  the  cable  elements.  I f speci fi ed ,  any permanent i ncrease  i n  attenuation  after the  test shal l  
not exceed  the  value  speci fi ed  i n  the  detai l  speci fication .   

Further deta i led  requ i rements  shou ld  be  g i ven  i n  the  detai l  speci fication .   

23.6  Detai ls  to  be  specified   

The  detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

– procedure  used  (1  or 2 ) ;   

– maximum  tens ion  appl ied  during  test (typical l y the  maximum  load  wh ich  may be  appl ied  
during  i nstal lation) ;   

– l ength  of the  cable  and  l eng th  ben t under tension ,  d istance  A to  B;   

– end  preparation ;   

– tension  device;   

– procedure  1  

•  rad ius  (R)  of ro l lers/cyl i nders ,   

•  bend ing  ang le  θ;   

– procedure  2  

•  rad ius  (R)  of ro l lers  i n  procedure  2 ,   

•  rad ius  (R)  of ro l lers/cyl i nders/mandrels  in  procedures  2 ,   

•  bend ing  ang le  θ;   

– moving  speed  ( typical l y ≤  i nsta l l ation  speed);  

– number of moving  cycles ;   

– maximum  a l l owable  attenuation  i ncrease  after the  test ( i f appl icable).  
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Figure 25 – Partial -bend  

 

Figure 26  – Partial -bend,  mu ltiple  pu l ley 

24 Method  E1 9:  Aeol ian  vibration   

24. 1  Object   

The object of th is  test i s  to  expose overhead  cables  to  d ynam ic s tresses  s im i l ar to  those  
imposed  by l am inar wind -flow-induced  vibrations  i n  overhead  l i nes.   

24.2  Sample   

The m in imum  length  of the  test sample  shal l  be  50  m  or as  g i ven  i n  the  detai l  speci fication .  
The  cable  ends  are  prepared  in  order to  a l l ow transm itted  optical  power con trol  i n  one  or 
several  fibres  (as  speci fi ed  i n  the  detai l  speci fi cation)  during  the  test.  The  m in imum  test  
l ength  of the  optical  fi bres  shal l  be  1 00  m .  I f necessary,  fi bres  may be  spl iced  at the  cable  
ends.   

24.3  Apparatus   

The test apparatus  shal l  cons ist of  

– the  test set-up  (a  typ ical  arrangement is  shown  i n  F igure  27) ,  

– e lectron ical l y con trol l ed  shaker,   

– d ynamometer,  l oad  ce l l ,  ca l i brated  beam  or other device  to  measure  cable  tension ,   
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– l i gh t source  wi th  a  nom inal  wavelength  of 1  550  nm  in  con j unction  wi th  a  l i ght power 
meter,  able  to  perform  optica l  power measurements ,   

– l igh t source  wi th  a  nom inal  wavelength  of 1  550  nm  in  con j unction  wi th  a  l i ght power 
meter,  able  to  measure  power osci l l ation  i n  the  bandwid th  range  of 0  Hz to  300  Hz 
m in imum,   

– optical  t ime  domain  refleactometer (OTDR),  i f requ i red  i n  the  detai l  speci fi cation .   

24.4 Procedure   

The  test sample  shal l  be  term inated  at both  ends  prior to  tens ion ing  i n  such  a  way that the  
optical  fibres  cannot move  i n  re lation  to  the  cable.  A d ynamometer,  l oad  cel l ,  ca l ibrated  beam  
or other device  shal l  be  used  to  measure  cable  tens ion .  Some means  shou ld  be  provided  to  
main tain  constan t tens ion  to  a l l ow for temperature  fl uctuations  du ring  the  testing .  The  cable  
shal l  be  l oaded  to  approximatel y 1 5  %  to  25  %  of the  rated  tensi le  strength  (RTS)  for OPGW,  
or to  the  i nstal lation  tension  rating  for the  span  for ADSS cable ,  or as  g i ven  i n  the  detai l  
speci fication .   

The  overal l  span  between  system  term inations  shal l  be  a  m in imum  of 30  m .  The  m in imum  
active  span  shou ld  be  approximatel y 20  m  wi th  a  su i table  suspension  assembly l ocated  
approximatel y two-th i rds  of the  d istance  between  the  two dead-end  assembl ies.  Longer acti ve  
and /or back spans  may be  used .  The  span  shal l  be  supported  at  a  heigh t such  that the  s tatic 

sag  ang le  of the  cable  to  horizon tal  i s  (1 , 5  ±  0 , 5)°  i n  the  acti ve  span .   

Means  shal l  be  provided  for measuring  and  mon i toring  the  m id- loop  (an tinode)  vibration  
ampl i tude  at a  free  l oop,  not a  support l oop.   

An  e lectron ica l l y control led  shaker shal l  be  used  to  exci te  the  cable  i n  the  vertical  p lane.  The  
shaker armature  shal l  be  securel y fastened  to  the  cable  so  i t  i s  perpend icu lar to  the  cable  i n  
the  vertical  p l ane.  The  shaker shou ld  be  located  in  the  span  to  a l low for a  m in imum  of s ix 
vibration  loops  between  the  suspension  assembly and  the  shaker.  Appl y 1 0  000  000  vibration  
cycles,  or the  number speci fi ed  i n  the  detai l  speci fication .  

The  test shal l  be  carried  ou t at one  or more  resonance frequencies  i n  the  frequency range  for 
the  g i ven  wind  cond i tions.  Aeol ian  vibration  i s  normal l y experienced  under lam inar wind  flows  
of 0 , 5  m /s  to  7  m /s.  The  fol l owing  Equations  (1 5)  and  (1 6)  appl y:   

The  frequency of vibration  f (Hz)  i s  proportional  to  the  wind  veloci ty v (m /s)  and  i nversel y 
proportional  to  the  cable  d iameter D  (m)  and  is  g iven  by the  formu la:  

 D

v
kf ×= (Hz)  (1 5)  

where   

k  i s  the  Strouhal  constan t (0, 2  for aeria l  cables  and  conductors) .  

The  wavelength  (λ)  of vibration  (equal  to  two  loop  l eng ths)  i s  g i ven  by the  formu la:  

 m

T

f

1
=λ (m )  (1 6)  

where  

T  i s  the  cable  tens ion ,  i n  N ;  

m   i s  the  mass/un i t  length ,  i n  ki l ograms  per meter (kg/m).  
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I f requ ired  due  to  the  nature  of cable  design ,  the  cable  shou ld  be  ri d  of i n i ti a l  s tresses .  
Therefore,  in  the  i n i ti a l  s tages,  the  test span  requ ires  conti nuous  atten tion  and  mon i toring  of 
the  test parameters  un ti l  the  test span  i s  s tabi l i zed .   

24.5  Requi rements   

Any s i gn  of temporary or permanent damage to  the  cable  or any of the  component parts  
greater that the  value  speci fied  i n  the  detai l  speci fication  shal l  be  a  fa i l u re.  Any short term  
fluctuations  or l ong  term  changes  i n  attenuation ,  i f speci fied ,  shal l  not exceed  the  speci fied  
range.  

24.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

– number vibration  cycles,  i f other than  1 0  000  000;  

– characteristics  of the  vibration  test s tand ;  

– l ength  of spans;  

– characteristics  of the  suspension  and  anchoring  devices  used ;  

– cable  i nsta l l ation  tension ,  i nclud ing  any overtens ion  coefficien t,  i f appl ied  during  the  fi rst 
phase;  

– l ength  of cable  and  fibres  tested  (characteristics  of the  spl ices  between  fibres  i f they 
exist) ;  

– wavelength  at wh ich  opti cal  mon i toring  i s  conducted ;  

– vibration  mode/characteri stics  maintained  during  the  test;  

– preparation  of ends;  

– characteristics  of measuring  equ ipment,  i nclud ing  the  type  of measuring  sets  and  
l aunch ing  cond i tions;  

– ambien t temperature  and  hum id i ty during  the  test;  

– mass/un i t  l eng th  and  d iameter of the  cable.  
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Key 

1  end  abutment  7  meter – i n   

2  l oad  ce l l  8  meter – ou t  

3  i n termed i ate  abu tment a  acti ve  span  

4  dead-end  assembly  b  back span  

5  su i tabl e  shaker c  fi bre  spl i ce  

6  suspens ion  assembly   

 

F igure 27  – Aeol ian  vibration  test  

25 Method  E20:  Cable  coi l ing  performance  

25. 1  Object   

The purpose  of th is  test i s  to  demonstrate  the  abi l i ty of an  armoured  underwater optical  fi bre  
cable  to  be  coi led  and  uncoi l ed  for i nsta l l ation  purposes.   

25.2  Sample   

A sufficien t l ength  of cable,  necessary to  make  a  speci fied  number of coi ls  (for example,  1 0)  
wi th  the  speci fi ed  d iameter,  as  agreed  between  the  manufacturer and  the  user,  sha l l  be  taken  
from  the  cable  to  be  tested .   

25.3  Apparatus   

The test requ i res  no  apparatus  except a  flat surface  l arge  enough  to  coi l  the  speci fied  number 
of coi l s .  The  d iameter of coi l s  shal l  be  i n  accordance wi th  the  m in imum  speci fied  coi l i ng  
d iameter.   

25.4 Procedure   

The test  i s  to  be  carried  ou t at  a  speci fied  temperature  correspond ing  to  ambient temperature  
for sh ip- load ing  and  l aying  cond i tions,  un less  otherwise  speci fied .   

The  sample  shal l  be  taken  from  the  production  end  of the  cable  and  be  coi l ed  flat on  a  
su i table  surface.  The  starti ng  end  of the  cable  shal l  be  secured  during  the  test.  The  coi l i ng  

IEC 

20  m  m in .  

30  m  m in .  

1 0  m  m in .  
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shou ld  be  performed  from  a  heigh t typical  for the  heigh t envisaged  during  manufacturing ,  
l oad ing  and  l aying  of the  cable.   

The  coi l i ng  shal l  start  a t  a  d iameter speci fi ed  by the  manufacturer.  The  d i rection  of coi l i ng  
shou ld  be  as  i nd icated  by the  manufacturer.   

25.5  Requi rements   

The cable  shal l  form  a  smooth  ci rcle  and  stay flat on  the  surface  a l l  the  way around  the  
ci rcumference.  Other requ i rements  may be  defined  by agreement between  the  user and  the  
manufacturer.   

25.6  Detai ls  to  be  specified   

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :   

– sample  l eng th ;   

– co i l  d iameter;   

– number of coi ls ;   

– temperature.   

26 Method  E21 :  Sheath  pul l -off force for optical  fibre cable  for use  in  patch  
cords  

26. 1  Object  

The purpose  of th is  test  i s  to  measure  the  force  requ i red  to  remove  a  l ength  of sheath  from  an  
optica l  fi bre  cable  i n tended  for use  i n  patch  cords.  

26.2  General  

Th is  test method  i s  des igned  to  measure  the  force  requ ired  to  remove the  cable  sheath .  I t  can  
be  appl i ed  to  round  s implex and  round  duplex optical  fibre  cables  for use  i n  patch  cords,  or 
round  s i ng le  fibre  e lemen ts  or sub-elements  of larger cables.  

26.3  Sample  

A l ength  of cable  l ong  enough  to  be  reta ined  i n  the  tensi l e  rig  sha l l  be  cu t and  removed  from  
the  suppl y reel .  The  sample  i s  prepared  as  shown  i n  F igure  30 ,  us ing  the  fo l l owing  method .  At  
one  end  of the  sample,  mark the  cable  at d is tances  50  mm  and  53  mm  from  the  end .  A 
ci rcumferentia l  cu t i s  then  made at the  two  marked  poin ts  where  the  section  of sheath  is  to  be  
removed .  A l ong i tud inal  cu t i s  then  made between  the  two ci rcumferen tia l  cu ts .  Remove the  
sheath ing  between  the  two cuts .  During  sample  preparation ,  i f any damage is  imparted  to  the  
cable  core,  that sample  shal l  be  d iscarded .  

26.4 Apparatus  

26.4. 1  General  

A schematic of the  test arrangement is  shown  i n  F igure  28.  

26.4.2  Tensi le  test rig  

A con trol l able  tensi l e  faci l i ty sha l l  be  used  wi th  the  abi l i ty to  pu l l  over a  speci fi ed  d is tance  at a  
con trol l ed  speed .  
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26.4.3  Record ing  equ ipment 

A set of measurement equ ipment shal l  be  used ,  l i nked  to  the  tensi le  test ri g  that can  record  
the  forces  requ i red  to  remove the  sheath  from  the  cable  core.  Measurements  shal l  be  
recorded  i n  N .  

26.4.4  Stripping  tools  

Tools  capable  of removing  at l east a  3  mm  leng th  of ou ter sheath  at a  d i stance  50  mm  from  
the  end  of the  cable,  leaving  the  cable  core  undamaged ,  may be  used .  

26.4.5  Pu l l ing  

A pu l l i ng  j ig ,  as  shown  i n  F igure  29,  sha l l  be  designed  to  fi t  i n to  the  gap  formed  i n  the  sample  
sheath  by removing  the  3  mm  section ,  a l l owing  the  50  mm  strip  l eng th  of sheath  to  be  pu l led  
l ong i tud inal l y from  the  prepared  end  of the  cable.  

26.4.6  Cable  anchor 

A method  shal l  be  provided  to  secure  the  anchor end  of the  cable  wh i le  the  pu l l  i s  carried  ou t.  

26.5  Procedure  

The prepared  end  of the  cable  is  i nserted  in to  the  pu l l ing  j i g  (see  F igure  28)  moun ted  on  the  
test ri g .  The  opposi te  end  of the  sample  i s  then  mounted  i n  the  cable  anchor at zero  l oad .  A 
con trol l ed  pu l l  i s  then  carried  ou t at  the  speci fied  speed .  Read ings  are  taken  to  record  the  
peak values  of each  test pu l l .  

26.6  Requi rements  

The force  requ ired  to  remove the  sheath  from  the  cable  core  shal l  comply wi th  the  values  
g iven  i n  the  detai l  speci fication .  

26.7  Detai ls  to  be  specified  

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  rate  of separation  (speed  of pu l l ) ;  

b)  strip  l eng th  ( l eng th  of sheath  removed)  i f d i fferent  than  i n  28 . 4 ;  

c) force  to  s trip  the  l ength  of sheath .  
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Figure 28  – Schematic  of test  arrangement  

 

Key 

1  pu l l i ng  end  of j i g ;  d imensions  appropri ate  to  accommodate  prepared  specimen  

2  window for i nserti ng  s tri p  test  end  

3  attachment  to  pu l l i ng  ri g ;  d etai l s  necessary for attachment  per the  parti cu l ar ri g  

Figure  29  – Example of pulling j ig  
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Figure  30  – Cable  sample  preparation  

27  Method  E22:  Buffered  fibre movement under compression  in  optical  fibre 
cables  for use in  patch  cords  

27. 1  Object  

The purpose  of th is  test i s  to  exam ine  the  attenuation  behaviour (change i n  attenuation)  and  
the  reaction  force  when  a  buffered  fibre  i n  a  cable  i n tended  for use  in  patch  cords  moves  
under axial  compress ion  on l y.  

27.2  Sample  

A 5  m  l ong  cable  sample  shal l  be  taken  from  a  fin ished  cable  length .  At both  ends  of the  
sample,  2  m  of the  cable  sheath  and  other cable  elements  are  removed ,  l eaving  a  centra l  
1 , 0  m  l eng th  of cable  sheath  on  the  sample.  

27.3  Apparatus  

The apparatus  consists  of 

– a  device  to  fix one  cable  end  wi thout compress ion  and  a  chuck to  fix the  buffered  fibre  
protrud ing  from  th is  cable  end .  The  chuck shal l  be  movable  towards  the  cable  end  for an  
ad j ustable  d istance  (see  F igure  31 ) .  The  fixed  d istance  between  the  chuck and  the  cable  
end  shal l  be  7  mm ,  

– a  l oad  cel l  for mon i toring  the  force  on  the  chuck wi th  a  maximum  error of ±3  %,  

– attenuation  mon i toring  equ ipment as  described  i n  I EC  60793-1 -46.  
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27.4  Procedure  

One end  of the  1 , 0  m  leng th  of sheathed  cable  sample ,  i nclud ing  the  s trength  member,  i s  
fixed  to  one  s ide  i n  the  cable  fixi ng  device  (1  i n  F igure  301 )  and  the  exposed  buffered  fibre  i s  
fixed  i n  the  fi bre  chuck (2  i n  F igure  30).  

At the  other end  of the  1 , 0  m  sample,  the  fi bre  and  the  sheath  are  g lued  together by e . g .  
epoxy to  prevent any movement of the  fibre  wi th in  the  cable  sample.  The  unsheathed  fibres  
are  connected  to  the  attenuation  mon i toring  equ ipment (see  F igure  31 ) .  

The  chuck i s  moved  towards  the  fixed  cable  end  for 0 , 4  mm,  or the  requ ired  compress ion  
d istance  g i ven  in  the  re levant detai l  speci fication .  

I f mu l tip le  movements  are  speci fied ,  return  the  chuck to  the  starting  pos i ti on  and  perform  the  
compression  cycle  again .  

During  the  movement,  any attenuation  change and  the  reaction  force  are  mon i tored .  The  test 
shal l  be  carried  ou t at  ambient temperature.  

27.5  Requi rements  

Attenuation  change and  the  reaction  force  at the  requ ired  compress ion  d istance  shal l  not  
exceed  the  va lues  g iven  i n  the  deta i l  speci fication .  The  recommended  compression  d istance  
is  0 , 4  mm.  

27.6  Detai ls  to  be  specified  

The  detai l  speci fication  shal l  i ncl ude  the  fol lowing :  

a)  compress ion  d istance;  

b)  method  of mon i toring  attenuation  change;  

c)  number of movements ;  

d )  reaction  force;  

e)  change  in  attenuation .  
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Key 

1  cable  fi xi ng  

2  fi bre  chuck and  l oad  ce l l  

←  compression  movement  

Figure 31  – Test set-up  for fibre  movement under compression  

28  Method  E23:  M icroduct route veri fication  test 

28. 1  Object  

The purpose  of th is  test i s  to  provide  a  pre- i nsta l l ation  val idation  of the  m icroduct system  for 
accepting  a  m icroduct fi bre  optic cable.  

28.2  General  

A route  veri fication  test cons ists  of passing  a  test obj ect,  such  as  a  sphere,  approximatel y 
equal  to  the  d iameter of the  cable  i n  s i ze,  or 1  m  of the  actual  cable  to  be  instal led ,  th rough  
the  route  to  be  popu lated .  A successfu l  test ind icates  that the  i n tended  cable  path  i s  free  from  
obstructions.  

28.3  Sample  

The sample  i s  the  route  i n to  wh ich  the  m icroduct optica l  cable  i s  to  be  i nstal led .  Al ternatel y,  a  
reduced  scale  test  apparatus  may be  used  to  prove  appl ication  su i tabi l i ty.  

28.4 Apparatus  

A test object,  such  as  a  sphere,  approximatel y equal  to  the  d iameter of the  cable  i n  s i ze,  or 
1 m  of the  actual  cable  to  be  i nstal led ,  b l owing  i nstal lation  equ ipment and  a  safe  method  to  
catch  the  sphere  or other object at the  far end  of the  m icroduct.  
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28.5  Procedure  

I nstal l  the  catcher at the  far end  of the  m icroduct,  l aunch  the  object in to  the  m icroduct,  and  
appl y a i r pressure  as  per the  deta i l  speci fication .  

28.6  Requi rements  

The object  shal l  pass  through  the  m icroduct route.  

28.7  Detai ls  to  be  reported  

The fol lowing  detai l s  shal l  be  reported :  

– obj ect d imensions;  

– obj ect materia l ;  

– m icroduct  i n formation  ( ID ,  OD)  

•  rou te  l ength ,  

•  l ocation  and  description  of s ign i fican t bends,  i f known ,  

•  l ocation  of j oi n t ( i f any) ;  

– compressed  a i r attributes  

•  temperature,  

•  pressure,  

•  re lative  hum id i ty 

29  Method  E24:  Instal lation  test for microduct cabl ing  

29. 1  Object  

To demonstrate  the  feas ibi l i ty of i nsta l l i ng  m icroduct optica l  cabl ing–m icro-cable,  fi bre  un i ts,  
etc.  i n to  m icroduct or protected  m icroduct.  

29.2  General  

This  test method  i s  designed  to  evaluate  the  blowing  performance of a  m icroduct optica l  
cabl ing  i n to  a  m icroduct  or protected  m icroduct.  The  test cond i ti ons  approximate  those  in  
practical  i nsta l lations.  The  test i s  performed  under ambient cond i tions,  with  temperatures 

above 0  °C  ( to  avoid  b locking  wi th  ice)  and  below +40  °C (above wh ich  temperature  b lowing  
performance has  been  observed  to  rapid l y degrade).  

29.3  Sample  

A m icroduct  or protected  m icroduct,  l eng th  as  agreed  between  customer and  suppl ier,  formed  
accord ing  to  F igure  32.  Separate  i nd ividual  l engths  may be  connected  by fi tti ngs.  

M icroduct cabl ing ,  l eng th  equal  to  or g reater than  the  m icroduct sample.  

29.4 Apparatus  

The apparatus  consists  of 

– b lowing  equ ipment as  ag reed  between  customer and  suppl ier,  

– temperature  and  hum id i ty measuring  equ ipment,  

– timer,  

– speed  control  (safety),  
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– pressure  measuring  device  (safety),  

– a i rflow meter.  

29.5  Procedure  

Blow a i r i n to  the  m icroduct for 1 0  m in  to  cond i tion  the  test rou te  and  to  ensure  a  steady state  
a i rflow.  

Prepare  the  l ead ing  end  of the  cabl ing  as  per i nsta l lation  i nstructions  (e . g .  by crimping  a  bead  
on to  the  front of a  m icroduct fibre  un i t) .  I f requ ired  by the  i nsta l l ation  method  and  i n  
agreement between  customer and  suppl ier,  the  cabl i ng  and/or m icroduct may be  lubricated .  
Most pu l l i ng  l ubricants  are  not su i table  for b lowing  i nstal lations.  I nstead ,  l ubricants  are  
typical l y formu lated  for th is  speci fic appl ication .  

The  ou tpu t end  of the  m icroduct sha l l  be  su i tabl y protected  to  avoid  cabl ing  exi ting  the  
m icroduct  i n  an  uncontrol l ed  and  unsafe  manner.  

B low the  m icroduct  optical  fi bre  cabl ing  i n to  the  m icroduct test route  wi th  a  speci fi ed  a i r  
pressure  and  the  safe  push ing  force  requ ired  to  main tain  maximum  speed .  I nsta l l  cabl i ng  
d i rectl y from  i ts  packag ing  (e. g .  d rum ,  pan  etc. )  i n  a  smooth  fash ion  so  as  not to  degrade  
i nsta l l ation  performance.  Record  e lapsed  time and  push  force  at regu lar in tervals  ( typical l y 
every 1 00  m )  during  the  test.  

The  push  force  may be  ad j usted  in  order to  main tain  the  i nstal lation  speed  wi th in  the  
perm i tted  range  

Prior to  any b lown  cable  i nsta l l ation  tri al  or l i ve  cable  instal lation  i t  i s  crucia l  that a  ‘crash  test’  
i s  undertaken  to  determ ine  the  maximum  push  force  that can  be  appl ied  to  the  cable  from  the  
b lowing  head .  Th is  test i nvolves  us ing  the  b lowing  head  to  d ri ve  the  cable  (at the  
recommended  cable  i nsta l l ation  speed )  through  a  length  of the  m in i -duct ( typica l l y 1 0  m ).  At  
the  end  of the  m in iduct i s  a  tube  end  s top.  When  the  cable  h i ts  the  end  s top  the  blowing  head  
shou ld  stop  the  cable  i n  a  manner that does  not  cause  any damage to  the  cable.  Th is  i s  then  
repeated  wi th  an  increase  in  push  force  un ti l  cable  damage i s  wi tnessed .  The  maximum  push  
force  of the  cable  i s  then  taken  to  be  the  h i ghest push  force  figure  wh ich  resu l ted  i n  the  cable  
being  undamaged  when  i t  h i t  the  end  stop.  Th is  procedure  ensures  that the  cable  wi l l  not be  
damaged  in  the  event of the  cable  h i tti ng  a  b lockage i n  the  m in i -duct du ring  the  i nsta l lation  

process  [1 ] 1 .  

29.6  Requirements  

The  fo l l owing  requ i rements  shal l  be  met:  

– maximum  acceptable  i nsta l l ation  time;  

– m in imum  acceptable  i nsta l l ation  d istance.  

29.7  Detai ls  to  be  specified  

The detai l  speci fication  shal l  i nclude  the  fo l lowing :  

– m icroduct  I D/OD;  

– l eg  length  L  (1 00  m ,  i f not otherwise  speci fied ) ;  

– tota l  length  (1  000  m ,  i f not  otherwise  speci fi ed) ;  

– bend  d iameter (40  times  the  outer d iameter of the  m icroduct,  i f not otherwise  speci fied) ;  

– requ irement for l ubrication  (none  to  be  used ,  i f not  otherwise  speci fied) ;  

___________ 

1  Numbers  i n  square  brackets  refer to  the  B i bl i ography.  
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– b lowing  pressure  (1 , 3  MPa to  1 , 5  MPa for m icroduct cable  or 0 , 9  MPa  to  1 , 0  MPa for 
m icroduct fi bre  un i t,  i f not otherwise  speci fied) ;  

– i nsta l l ation  time;   

– i nsta l l ation  speed  range  (5  m /m in ,  m in imum,  to  60  m /m in ,  maximum ,  un less  otherwise  
speci fied);  

– cabl i ng  to  be  tested .  

29.8  Detai ls  to  be  reported  

The fol lowing  detai l s  shal l  be  reported :  

– m icroduct and  cabl i ng  under test description ;  

– m icroduct cabl ing  ou ter d iameter,  or major and  m inor axis  for non-round  cabl i ng ;  

– m icroduct I D/OD;  

– m icroduct  surface  fi n ish  (e. g .  smooth  or ribbed);  

– protected  m icroduct OD;   

– l eg  length  L ;   

– tota l  rou te  length ;   

– bend  d iameter;   

– l ubricant ( i f used ) ;  

– method(s)  of l ubricati on  ( i f used);  

– b lowing  equ ipment (describe  brand  and  type);  

– b lowing  pressure;   

– push ing  force  on  m icroduct cabl ing  (dependent on  equ ipment and  m icroduct  cabl ing);  

– temperature;  

– hum id i ty;  

– i nsta l led  d istance;  

– i nsta l l ation  time.  

 

Figure  32a – Protected  m icroduct  F igure  32b  – M icroduct (unprotected )  

Figure  32  – Schematic  representation  of test route,  wi th  l eg-length  L 

30  Method  E25:  Rip cord  functional  test  

30. 1  Object  

The object of th is  test i s  to  determ ine  the  su i tabi l i ty of a  rip-cord  to  faci l i tate  the  open ing  of an  
optica l  cable  sheath  wi thou t breaking .  I t  i s  performed  after the  cable  has  been  cooled  to  the  
m in imum  temperature  expected  for i nsta l lation  purposes  ( typical  l ow temperatures  
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recommended  in  I EC TR 62691  are  0  °C  for PVC sheaths  and  –1 5  °C  for pol yethylene  
sheaths) .   

The  test  may a lso  be  carried  ou t at  the  maximum  instal lation  temperature  i f requested  (+50  °C  
is  recommended  in  I EC TR 62691 ),  though  th is  i s  not normal l y necessary because  most cable  
materia ls  wi l l  have  a  l ower modu lus  at h igh  temperatures  compared  to  lower temperatures  
and  hence  rip  more  eas i l y.  

30.2  Sample  

The m in imum  leng th  of the  test sample  shal l  be  1 , 5  m .  Depend ing  on  the  cable  construction ,  
the  sample  may need  to  be  l onger to  ensure  that  the  ripcord  does  not pu l l  ou t  of the  test  
sample  when  pu l led .  The  l eng th  may a lso  be  l onger i f more  than  1 00  mm  i s  requ ired  for end  
preparation .  

30.3  Apparatus  

The apparatus  consists  of 

a)  a  cl imatic chamber of a  su i table  s i ze  to  accommodate  the  sample  and  whose temperature  

shal l  be  control lab le  to  remain  wi th in  ±3  °C  of the  speci fied  testi ng  temperature,  

b)  su i table  cable  preparation  tools ,  

c)  any method  of ho ld ing  the  cable  for test,  such  as  clamping  or manual l y securing  the  
sample,  i s  acceptable.  

30.4 Procedure  

The fol l owing  steps  shal l  be  taken :    

a)  Prepare  one  end  of the  cable  by removing  al l  or part of sheath  for a  l eng th  of 1 00  mm  to 
reveal  the  rip  cord(s).  

b)  Make  a  mark on  the  sheath  1  m  from  the  prepared  end .  

c)  P lace  the  sample  i n to  the  temperature  chamber.  I t  i s  perm i tted  to  coi l  the  cable  to  ach ieve  
th is .   

d )  Set the  temperature  chamber to  the  test temperature  (–1 5  °C un less  otherwise  agreed  
between  the  customer and  the  suppl ier) .   

e)  Leave the  sample  i n  the  chamber for at  l east  4  h .  

f)  Remove  the  cable  from  the  chamber and  carry ou t the  fo l l owing  steps  immed iatel y.  

g )  Take  hold  of one  ri p  cord  and  pu l l  down  on  i t  un ti l  1  m  of the  cable  sample  i s  ri pped  
through  and  the  cable  core  i s  revealed .   

30.5  Requi rements  

The ri p  cord  (s)  sha l l  ri p  through  the  cable  sheath  and  shal l  not break for the  en ti rety of the  
pu l l .   

I f the  ri pcord  breaks  prior to  reach ing  the  1  m   mark,  two add i ti onal  fo l low-up  specimens  may 
be  tested  from  the  same cable  length .  The  cable  passes  i f ne i ther of the  two  fo l low-up  
specimens  breaks  prior to  reach ing  the  1  m  mark.   

I f the  ripcord  pu l ls  ou t of the  end  of the  cable  wi thou t s l i tti ng  the  sheath ,  repeat the  test.  

30.6  Detai ls  to  be  specified  

The  re levant speci fication  shal l  i nclude  the  fol lowing :  

– test temperature(s) ,  i f d i fferen t from  above.  
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30.7  Detai ls  to  be  reported  

The fol lowing  detai l s  shal l  be  reported :  

a)  test temperature(s) ;  

b)  test gauge  l engthv 

c)  cable  construction ;  

d )  sheath  materia l ;  

e)  rip-cord  materia l ;  

f)  number of rip-cords  i n  the  cable ;  

g )  number of samples  tested ;  

h )  measurement resu l ts ;  

i )  cable  i den ti fication .  

31  Method  E26:  Gal loping   

31 . 1  Object  

The purpose  of th is  test  i s  to  assess  the  effects  of fatigue  and  s tra in  on  the  se l f-supporting  
cable  and  on  the  optical  characteristics  of the  fi bres  when  exposed  to  typ ical  ga l loping  forces,  
such  as  m ight be  experienced  once  i nsta l l ed .  

31 .2  Sample  

The  length  of the  fibre  optic cable  test sample  shal l  a l low removal  of the  cable  coverings  
ou ts ide  of the  tension ing  poin ts  to  support access  to  the  optical  fi bres  for optical  testing .  The  
test sample  shal l  be  term inated  at both  ends  prior to  tens ion ing  i n  a  manner such  that the  
optical  fi bres  cannot move axial l y relati ve  to  the  cable  structure  i n  the  l eng th  under l oad .  
Refer to  F igure  33.   

The  tota l  l eng th  of optica l  fi bre  under test  as  a  function  of the  fixed  l ength  (L1 )  sha l l  be  a  
m in imum  of 1 00  m .  To  ach ieve  th is  length  a  number of fibres  may be  sp l i ced  together such  
that the  number of concatenated  fi bres  mu l tip l i ed  by the  fixed  l eng th  under test (L1 )  i s  a t l east 
1 00  m .  Spl ices  shou ld  be  made so  the  optica l  equ ipment can  be  l ocated  at the  same end ,  bu t  
other arrangements  are  a l l owed .  At l east one  fibre  from  each  buffer tube,  fi bre  bund le,  or un i t  
sha l l  be  measured  for the  test.  

31 .3  Apparatus  

A bas ic test arrangement for conducting  cable  gal l oping  testing  i s  shown  in  F igure  33.  The  
test sample  i s  secured  on  each  end  us ing  su i table  assembl ies  or other fixtures  to  support the  
appl ication  of the  test tens i le  l oad  in  the  axia l  d i rection  to  s imu late  a  se l f-supporti ng  
i nsta l l ation .  Other assembl ies  are  used  to  fix the  cable  i n  the  vertical  and  horizontal  p lanes,  at 
poin ts  near the  ends,  to  i solate  the  cable  length  subjected  to  ga l l oping  ( fixed  length).  The  
poin ts  on  each  end  of the  test sample  where  the  ga l l oping  l eng th  i s  fixed  and  the  tensi l e  l oad  
is  appl i ed  may be  combined  or separate.  I n  any case,  the  length  exposed  to  gal l oping  shal l  
fal l  wi th in  a  section  of the  test sample  that i s  tens ioned  as  requ i red  be low,  and  shal l  not affect 
the  appl ication  of the  tensi le  l oad .  

A ca l ibrated  device,  such  as  a  d ynamometer,  l oad  ce l l ,  or l oad  beam,  shal l  be  used  to  mon i tor 
cable  tens ion .  The  tens ions  requ ired  are  d iscussed  i n  33. 4,  under "Load ing  cri teria" .  

The  fixed  l eng th  (L1 )  sha l l  be  at l east 35  m  wi th  the  suspension  assembly p laced  at  
approximatel y one-hal f of the  d istance  between  the  two  dead-end  assembl ies .  The  
suspension  assembly shal l  be  at a  heigh t such  that the  static sag  ang le  of the  cable  to  
horizon tal  does  not exceed  5  °  i n  the  d i rection  of the  acti ve  span  (L2) .  
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An  e lectron ical l y control l ed  shaker shal l  be  used  to  exci te  the  cable  i n  th e  vertical  p lane.  The  
shaker assembly shal l  be  securel y fastened  to  the  cable  so  that i t  i s  normal  to  the  cable  in  the  
vertica l  p lane,  and  shal l  not affect the  appl ication  of the  tensi l e  l oad  a long  the  length  under 
test.  The  ampl i tude  of a  m id - loop  (anti node),  s ing le  loop  gal l oping ,  sha l l  be  mon i tored .  The  
m in imum  ga l loping  peak-to-peak ampl i tude  shal l  be  one  twenty-fi fth  of the  acti ve  span  l eng th .  
The  test frequency shal l  be  the  s i ng le  l oop  resonant  frequency.  

31 .4  Procedure  

The cable  shal l  be  subj ected  to  a  m in imum  of 1 00  000  ga l l oping  cycles.  The  test i s  the  s i ng le  
l oop  resonant frequency for the  gal loping  cond i ti on .  The  m in imum  peak-to-peak anti node  
ampl i tude/ loop  length  ratio  shal l  be  main tained  at a  ratio  of 1 /25,  as  measured  i n  the  acti ve  
span  (L2) .  

The  optica l  test source  output shal l  be  sp l i t  i n to  two s ignals.  One  s i gnal  shal l  be  connected  to  
an  optical  power meter and  shal l  act as  a  reference.  The  other s ignal  shal l  be  connected  to  a  
free  end  of the  test fi bre.  The  return ing  s i gnal  shal l  be  connected  to  a  second  optical  power 
meter.  Al l  optica l  connections  and  spl ices  shal l  remain  i n tact th rough  the  enti re  test duration .  

Load ing  cri teria:  

The  cable  shal l  be  tensioned  to  a  va lue  that wi l l  a l low the  gal l oping  phenomenon  i n  the  test 
ri g  (one  s ingu lar hal f-s ine  wave;  see  F igu re  33).  A suggested  va lue  i s  5  %  of maximum  
al l owable  tension  (MAT)  for OPGW or 50  %  of maximum  instal lation  tens ion  (M IT)  for ADSS.  
However,  the  gauge  leng th  i n  the  test ri g  shou ld  be  taken  in to  account,  and  a  l ower va lue  i s  
frequentl y appropriate.  

Optica l  measurements  shal l  be  taken  as  fo l lows:  

a)  Take  an  i n i tia l  optica l  measurement of each  s ignal .  

NOTE  The  d i fference  between  the  two s i gnal s  for the  i n i ti a l  measurement provi des  a  reference  l evel .  The  
change  i n  th i s  d i fference  du ri ng  the  test  wi l l  i n d icate  the  change  i n  attenuation  of the  test  fi bre.  The  s i gnal s  
may be  ou tpu t on  a  stri p  chart  recorder for a  con ti nuous  hardcopy record .  

b)  The  test sample  shal l  then  be  l oaded  per the  l oad ing  cri teria  above.  Once the  ga l l oping  
have  been  i n i ti ated ,  the  attenuation  shal l  be  recorded  every 2  000  ga l l oping  cycles  and  
the  sample  physica l l y i nspected .  

c)  A fi nal  optical  measurement shal l  be  taken  after the  completion  of the  1 00  000  gal l oping  
test cycles,  a l l owing  for at l east 2  h  stabi l i zation  time.  

31 .5  Requi rements  

There  shal l  be  no  vis ible  cracks  or open ings  on  the  e lements  of cable .  

The  maximum  measured  optical  a ttenuation  i ncrease  shou ld  not exceed  the  value  speci fied  i n  
the  detai l  speci fication .  

31 .6  Detai ls  to  be  specified  

The detai l  speci fication  shal l  i ncl ude  the  fo l lowing :  

a)  the  rated  maximum  instal l ation  tension ;  

b)  the  maximum  cable  rated  l oad  (MCRL),  maximum  cable  rated  l oad ;  

c)  a l l owable  attenuation  i ncrease  during  the  test.  
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Figure 33  – Cable  gal loping  test  

Table  3  – Test values  for cable  gal loping  test schematic  

Dimension  Description  Value  

L1  F i xed  l ength  ≥  30  m  

L2  Acti ve  span  ≥  1 5  m 1  

L3  Backspan  ≥  1 5  m 1  

L4  Loop  l eng th  
2  

Θ  S tati c  sag  ang l e  ≤  1 °  

1  L2  and  L3  are  approximately  equal .  

2  Length  vari es  as  needed  to  obta in  gal l opi ng  characteri sti cs  speci fi ed  based  on  
L1  th rough  L3.  

 

32  Method  E27:  Indoor s imulated  instal lation  test 

32. 1  General  

This  test i s  u nder cons ideration .  

32 .2  Object  

Th is  test i s  des igned  to  s imu late  an  i nsta l lation  of an  i ndoor cable  con ta in ing  s ing le-mode or 
mu l timode  fibres  where  ti ght  corners,  stapl i ng ,  and  cable  storage  may occur.  Th is  test  i s  
aggress ive,  being  far more  severe  than  trad i ti onal  i nsta l l ation  practices,  and  is  i n tended  to  
demonstrate  a  l evel  of robustness  of the  cable  tested .  

NOTE  Th is  test  i s  primari l y i n tended  to  eval uate  the  performance  of cabl es  contai n i ng  bend-i nsens i ti ve  fi bres.  
I ndoor cab les  con tai n i ng  other fi bre  types  are  not  assumed  to  fu l fi l  the  requ i rements  associated  wi th  th i s  test.  

32.3  Sample  

Under consideration .  
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32.4 Apparatus  

Under consideration .  

32.5  Procedure  
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32.6  Requi rements  
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32.7  Detai ls  to  be  specified  

Under consideration .  

Under consideration  

Figure 34 – Indoor simu lated  instal lation  test  

33  Method  E28:  Cable  and  fibre mechanical  rel iabi l i ty test  

33. 1  Object  

This  test i s  designed  to  s imu late  the  stress  of s imu l taneous  tens ion  and  bend ing .  The  corner 
wrapped  cable  i s  subjected  to  a  l oad  h igher than  the  l ong  term  res idual  load  to  accelerate  
testing .  Th is  test  i s  i n tended  for smal l  fibre-count  cables.  S implex and  duplex cables  are  the  
most common,  bu t other fibre  coun ts—perhaps  4  or 6  fibres,  maximum—may be  tested .  

33.2  Sample  

The cable  samples  shal l  be  of a  type  as  speci fi ed  by the  re levan t speci fication .  I t  shal l  be  of 
sufficient l ength  to  accommodate  the  apparatus  used ,  i nclud ing  the  length  under test,  the  
l ength  needed  for the  attachment method  (mandrels ,  etc. ) ,  and  any l ength  needed  for the  
optica l  test  method  used .  

33.3  Apparatus  

The test apparatus  shal l  accommodate  hang ing  a  cable  over a  corner i n  a  90  °  bend  
configuration .  The  cable  shal l  be  tens ioned  by hang ing  a  mass  on  the  vertical  ta i l  of the  
sample.  The  d iameter of the  corner shal l  be  wel l  control led  and  shal l  not  be  i ndented  by the  
force  of the  tensioned  cable.  Th is  i s  accompl ished  us ing  a  metal  p in ,  or equ ivalent,  at the  
corner.  F i gure  35  i l l ustrates  a  typ ical  apparatus.  

The  attachment method  at both  the  anchored  end  of the  cable  and  the  attachment poin t for 
the  tension ing  mass  i s  cri tical  to  the  success  of the  test.  The  cable  and  fi bres  shal l  be  wel l -
coupled .  The  cable  sheath  covering  shal l  not stretch  or bunch .  See  Procedure,  step  a) .  A 
figure-8  mandrel  i s  one  method  that has  been  demonstrated  to  accompl i sh  these  goals.  See  
Figure  35 .  

33.4  Procedure  

A continuous  l eng th  of cable  wi l l  hang  vertical l y around  a  p i n  posi tioned  to  serve  as  a  corner.  
A mass  wi l l  hang  on  the  cable  to  appl y the  test force:  

a)  The  horizon ta l  section  of the  cable  shal l  be  anchored  such  that no  bunch ing  of sheath  
covering  materia l  occurs  and  such  that  the  fibre(s)  are  coupled  to  the  ba lance  of the  
cable.  One  poss ib le  method  u ti l i zes  mu l ti p le  wraps  around  a  mandrel .  The  cable  shal l  be  
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p laced  on  the  anchor attachment shal l  be  such  that the  cable  bends  over the  p i n  i n  a  90  
degree  ang le.  

b)  The  corner p i n  sha l l  be  3 , 0  mm  
05,0

0

−
mm  in  d iameter.  

c)  A weight equal  to  1 , 5  times  the  l ong  term  rated  l oad  shal l  be  attached  to  the  vertica l  
section  of cable.  Load  shou ld  be  appl i ed  g radual l y to  preven t sheath  tearing .  A figure-8  
device  or mandrel  shal l  be  used  to  couple  fibre  and  cable  componen ts.  

d )  The  l ength  of test i s  30  days.   

33.5  Requirements  

Fibre  breakage or the  presence of vis ib le  cracks  on  the  ou ter surface  of the  sheath  
consti tu tes  a  fa i lu re.   

33.6  Detai l  to  be  speci fied  

The detai l  speci fication  shal l  i ncl ude  the  fol lowing :   

– type  of cable  to  be  tested ;  

– l ong  term  rated  l oad ;  

– test l oad  i f d i fferent from  above;  

– test time  i f d i fferent  from  above.  

 

Figu re  not  to  scale.  

Figure 35 – Mechan ical  rel iabi l i ty test apparatus  

  

Cable shal l  be wrapped around  a mandrel  
or retaining  device.  The cable shall  exit the  
mandrel  perpendicular to the surface of  
the pin 

Pin  diameter = 3,0 mm  +  0  
  – 0,05 mm 
 

Weight shal l  be affixed to the cable or 
retaining  device in  such a way to couple  
the fibre with  al l  cable elements  
(a mandrel  or figure-8 retaining  device)  

IEC  
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