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(§£)  Refractory  shape  steel  material  containing  oxide  and  process  for  producing  rolled  shape  steel  of 
said  material. 

©  A  cast  strip  for  an  H-shape  steel  having  excellent  fire  resistance  and  toughness  for  use  as  a  structural 
member  for  constructions  and  a  shape  steel  having  a  flange,  such  as  an  l-shape  steel,  produced  by  accelerated 
cooling  and  controlled  rolling  of  the  cast  slab,  are  produced  in  an  in-line  manner. 

After  the  regulation  of  the  oxygen  concentration  of  a  molten  steel  by  a  predeoxidation  treatment  in  a  steel 
making  process  to  form  a  steel  having  predetermined  ingredients,  the  steel  is  subjected  to  final  deoxidation  with 
a  minor  amount  of  Al  to  provide  a  cast  slab  containing,  in  a  dispersed  state,  compound  oxide  precipitate  having 
a  capability  of  forming  intragranular  ferrite.  The  stead  is  then  subjected  to  a  treatment  comprising  a  combination 
of  water  cooling  between  rolling  passes  with  accelerated  cooling  after  hot  rolling  to  attain  refinement  of  the 
structure  and  a  low  alloy  steel,  thereby  improving  the  strength  at  room  temperature  and  at  high  temperature  and 
the  toughness. 
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TECHNICAL  FIELD 

The  present  invention  relates  to  a  controlled  rolled  shape  steel  having  excellent  fire  resistance  and 
toughness  for  use  as  structural  member  for  constructions. 

5 
BACKGROUND  ART 

The  Ministry  of  Construction  has  reconsidered  the  fire-resistant  design  of  building  due  to  a  significant 
increase  in  the  height  of  buildings  and  advances  in  architectural  design  technique,  etc.  and  the  "New  Fire- 

io  Resistant  Design  Law"  was  enacted  in  March,  1987.  In  the  new  Law,  the  limitation  under  the  old  Law  that 
fireproofing  should  be  provided  so  that  the  temperature  of  steel  products  during  a  fire  is  kept  below  350  °  C 
has  been  removed,  and  it  has  become  possible  to  determine  a  suitable  fireproofing  method  depending 
upon  a  balance  between  the  high-temperature  strength  of  steel  products  and  the  actual  load  of  building. 
Specifically,  when  the  design  high-temperature  strength  at  600  °C  can  be  ensured,  the  fireproofing  can  be 

75  reduced  accordingly. 
In  order  to  cope  with  this  trend,  Japanese  Unexamined  Patent  Publication  (Kokai)  No.  2-77523  proposes 

low  yield  ratio  steels  and  steel  products  having  an  excellent  fire  resistance  for  use  in  buildings  and  process 
for  producing  the  same.  The  subject  matter  of  this  prior  application  resides  in  that  a  high-temperature 
strength  is  improved  by  adding  Mo  and  Nb  in  such  an  amount  that  the  yield  point  at  600  °  C  is  70%  or  more 

20  of  the  yield  point  at  room  temperature.  The  design  high-temperature  strength  of  the  steel  product  has  been 
set  to  600  °  C  based  on  the  finding  that  this  is  most  profitable  in  view  of  the  balance  between  a  increase  in 
the  steel  production  cost  due  to  alloying  elements  and  the  cost  of  executing  the  fireproofing. 

In  the  Al  deoxidation  of  the  steel  in  the  prior  art,  Al  has  been  added  in  an  early  stage  of  the  production 
of  a  steel  by  the  melt  process,  to  effect  deoxidation  and  floatation  separation  of  the  resultant  AI2O3,  thereby 

25  purifying  the  molten  steel.  In  other  words,  the  subject  matter  was  how  to  lower  the  oxygen  concentration  of 
the  molten  steel  and  to  reduce  the  oxide  as  the  product  of  the  primary  deoxidation. 

The  concept  of  the  present  invention  is  different  from  that  of  the  above-described  prior  art.  Specifically, 
the  present  invention  is  characterized  in  that  a  fine  compound  oxide  useful  as  an  intragranular  ferrite 
transformation  nucleus  is  precipitated  and  utilized  by  regulating  the  deoxidation  process. 

30  The  present  inventors  have  applied  the  steel  produced  by  the  above-described  prior  art  technique  to 
materials  for  shape  steels,  particularly  an  H-shape  steel  strictly  restricted  by  roll  shaping  due  to  a 
complicated  shape  and,  as  a  result,  have  found  that  the  difference  in  the  roll  finishing  temperature, 
reduction  ratio  and  cooling  rate  between  sites  of  a  web,  a  flange  and  a  fillet  causes  the  structure  to  become 
remarkably  different  from  site  to  site,  so  that  the  strength  at  room  temperature,  strength  at  a  high 

35  temperature,  ductility  and  toughness  vary  and  some  sites  do  not  satisfy  the  JISG3106  requirements  for 
rolled  steels  for  welded  structures. 

In  order  to  solve  the  above-described  problem,  it  is  necessary  to  attain  a  refinement  of  the  microstruc- 
ture  through  the  device  of  steel  making  and  rolling  processes  and  provide  a  process  for  producing  a 
controlled  rolled  shape  steel  having  excellent  material  properties,  fire  resistance  and  toughness  at  a  low 

40  cost  with  high  profitability. 

DISCLOSURE  OF  THE  INVENTION 

The  present  invention  has  been  made  with  a  view  to  solving  the  above-described  problem,  and  the 
45  subject  matter  of  the  present  invention  is  as  follows: 

©  A  cast  slab  produced  by  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to 
0.20%  of  C,  0.05  to  0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to 
0.20%  of  V  and  0.005  to  0.025%  of  Ti,  with  the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a 
predeoxidation  treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight, 

50  adding  metallic  aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005 
to  0.015%  by  weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and 
the  dissolved  oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006, 
and  crystallizing  and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2 
or  more  in  the  steel. 

55  (D  A  cast  slab  produced  by  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to 
0.20%  of  C,  0.05  to  0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to 
0.20%  of  V  and  0.005  to  0.025%  of  Ti  and  further  comprising  at  least  one  member  selected  from  0.7% 
or  less  of  Cr,  0.05%  or  less  of  Nb,  1.0%  or  less  of  Ni,  1.0%  or  less  of  Cu,  0.003%  or  less  of  Ca  and 
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0.010%  or  less  of  REM  (Rare  earth  metal)  with  the  balance  consisting  of  Fe  and  unavoidable  impurities, 
to  a  predeoxidation  treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by 
weight,  adding  metallic  aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content 
of  0.005  to  0.015%  by  weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content 

5  [Al%]  and  the  dissolved  oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1- 
[0%]   ̂ 0.006,  and  crystallizing  and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20 
particles/mm2  or  more  in  the  steel. 
©  A  process  for  producing  a  refractory  controlled  rolling  shape  steel  containing  an  oxide,  comprising 
the  steps  of:  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to  0.20%  of  C,  0.05  to 

io  0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20%  of  V  and  0.005 
to  0.025%  of  Ti  with  the  balance  consisting  of  Fe  and  unavoidable  impurities  to  a  predeoxidation 
treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight,  adding  metallic 
aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005  to  0.015%  by 
weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and  the  dissolved 

is  oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006,  crystallizing 
and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2  or  more  in  the 
steel,  thereby  producing  a  cast  slab,  reheating  the  cast  slab  to  a  temperature  region  of  from  1,100  to 
1,300°C,  then  initiating  rolling,  effecting  between  passes  in  the  step  of  rolling  at  least  once  water-cooling 
of  the  surface  layer  portion  of  the  resultant  steel  slab  to  700  °C  or  below  followed  by  rolling  in  the 

20  process  of  recurrence  of  the  surface  of  the  steel,  cooling  the  rolled  steel  after  the  completion  of  the 
rolling  at  a  cooling  rate  of  1  to  30°C/sec  to  650  to  400  °C  and  then  allowing  the  cooled  steel  to  stand. 
@  A  process  for  producing  a  refractory  controlled  rolling  shape  steel  containing  an  oxide,  comprising 
the  steps  of:  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to  0.20%  of  C,  0.05  to 
0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20%  of  V  and  0.005 

25  to  0.025%  of  Ti  and  further  comprising  at  least  one  member  selected  from  0.7%  or  less  of  Cr,  0.05%  or 
less  of  Nb,  1.0%  or  less  of  Ni,  1.0%  or  less  of  Cu,  0.003%  or  less  of  Ca  and  0.010%  or  less  of  REM  with 
the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a  predeoxidation  treatment  to  regulate  the 
dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight,  adding  metallic  aluminum  or  fer- 
roaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005  to  0.015%  by  weight  and  to 

30  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and  the  dissolved  oxygen 
concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006,  crystallizing  and 
dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2  or  more  in  the  steel, 
thereby  producing  a  cast  slab,  reheating  the  cast  slab  to  a  temperature  region  of  from  1,100  to  1,300°C, 
then  initiating  rolling,  effecting  between  passes  in  the  step  of  rolling  at  least  once  water-cooling  of  the 

35  surface  layer  portion  of  the  resultant  steel  slab  to  700  °  C  or  below  followed  by  rolling  in  the  process  of 
recurrence  of  the  surface  of  the  steel,  cooling  the  rolled  steel  after  the  completion  of  the  rolling  at  a 
cooling  rate  of  1  to  30°C/sec  to  650  to  400  °C  and  then  allowing  the  cooled  steel  to  stand. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
40 

Fig.  1  is  a  photomicrograph  of  a  microstructure  of  an  intragranular  ferrite  (IGF)  nucleated  from  a 
composite  comprising  an  alumina-titanium-based  compound  oxide  and  a  precipitate; 
Fig.  2  is  a  diagram  showing  the  relationship  between  AAI%  =  [Al%]  -  1.1  [0%]  and  the  charpy  impact 
value  at  -5  °  C,  wherein  high  charpy  values  are  obtained  when  AAI%  is  in  the  range  of  from  -0.004  to 

45  0.006%  specified  in  the  present  invention; 
Fig.  3  is  a  schematic  diagram  showing  a  mechanism  for  nucleating  an  intragranular  ferrite  (IGF)  from  a 
composite  comprising  an  alumina-titanium-based  compound  oxide  and  a  precipitate; 
Fig.  4  is  a  schematic  diagram  of  the  layout  of  an  apparatus  for  practicing  the  process  of  the  present 
invention;  and 

50  Fig.  5  is  a  diagram  showing  a  sectional  form  and  a  sampling  position  for  a  mechanical  test  piece  of  an 
H-shape  steel. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVENTION 

55  The  best  mode  for  carrying  out  the  invention  will  now  be  described  in  detail. 
The  strengthening  mechanism  in  the  high-temperature  strength  of  a  steel  product  at  a  temperature  of 

700  °C  or  below,  which  is  about  1/2  of  the  melting  point  of  iron,  is  substantially  the  same  as  that  at  room 
temperature  and  governed  by  ©  refinement  of  ferrite  grains,  (2)  solid  solution  strengthening  by  alloying 
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elements,  ©  dispersion  strengthening  by  a  hard  phase,  @  precipitation  strengthening  by  fine  precipitates, 
etc.  In  general,  an  increase  in  the  high-temperature  strength  has  been  attained  by  precipitation  strengthen- 
ing  through  the  addition  of  Mo  or  Cr  and  an  enhancement  in  the  softening  resistance  at  a  high  temperature 
through  the  elimination  or  suppression  of  dislocations.  The  addition  of  Mo  and  Cr,  however,  gives  rise  to  a 

5  remarkable  increase  in  the  hardenability  and  converts  the  (ferrite  +  pearlite)  structure  of  the  base  material 
to  a  bainite  structure.  When  a  steel  comprising  ingredients,  which  can  easily  form  a  bainite  structure  is 
applied  to  a  rolled  shape,  the  peculiar  shape  gives  rise  to  a  difference  in  the  roll  finishing  temperature, 
reduction  ratio  and  cooling  rate  between  sites  of  a  web,  a  flange  and  a  fillet,  so  that  there  is  a  large  variation 
in  the  proportion  of  the  bainite  structure  from  site  to  site.  As  a  result,  the  strength  at  room  temperature, 

io  strength  at  a  high  temperature,  ductility  and  toughness  vary  from  site  to  site  and  some  sites  do  not  satisfy 
requirements  for  rolled  steels  for  welded  structures.  Further,  the  addition  of  these  elements  causes  the  weld 
to  be  significantly  hardened,  which  leads  to  a  reduction  in  toughness. 

A  feature  of  the  present  invention  resides  in  that  compound  oxide  particles  comprising  Al  as  a  main 
component  and  Ti,  Mn,  Si,  Ca  and  REM  elements  are  crystallized  in  a  dispersed  state  by  a  combination  of 

is  the  regulation  of  the  dissolved  oxygen  concentration  of  the  molten  steel  with  the  procedure  of  addition  of  Ti 
as  a  deoxidizing  element,  and  MnS,  TiN  and  V(C,  N)  are  crystallized  and  dispersed  in  the  form  of  a 
composite  comprising  the  compound  oxide  particle  as  a  nucleus.  This  particle  serves  as  a  preferential 
nucleation  site  for  transformation  of  an  intragranular  ferrite  from  within  an  austenite  grain  during  hot  rolling 
to  accelerate  the  formation  of  the  intragranular  ferrite.  As  a  result,  an  intragranular  ferrite  is  formed  at  the 

20  fillet  portion  subjected  to  finishing  at  a  high  temperature,  so  that  the  suppression  of  formation  of  bainite  and 
refinement  of  the  ferrite  can  be  attained.  Thus,  the  present  invention  is  characterized  in  that  homogenization 
of  mechanical  properties  of  the  base  material  can  be  attained  by  reducing  the  difference  in  the  proportions 
of  bainite  and  ferrite  structures  between  sites  of  an  H-shape  steel  caused  by  the  difference  in  the  roll 
finishing  temperature  and  cooling  rate  between  the  sites  and  the  high-temperature  strength  is  enhanced  by 

25  virtue  of  precipitation  strengthening  of  carbonitride  of  V. 
The  way  in  which  the  crystallized  aluminum-titanium-based  compound  oxide  effectively  acts  on  the 

formation  of  the  intragranular  ferrite  will  now  be  described.  The  aluminum-titanium-based  compound  oxide 
is  a  crystal  having  a  number  of  cation  holes  and  presumed  to  comprise  AbOsTiO.  In  a  7  temperature  region 
in  the  course  of  heating  and  cooling,  this  aluminum-titanium-based  compound  oxide  diffuses  Al,  Ti,  Mn,  etc. 

30  through  the  inherent  cation  holes  from  within  grains  to  the  outer  shell  where  the  diffused  Al,  Ti,  Mn,  etc. 
combine  with  N  and  S  dissolved  in  a  solid  solution  form  in  the  matrix  phase,  which  causes  AIN,  TiN  and 
MnS  to  preferentially  precipitate.  A  lowering  in  the  temperature  by  further  cooling  causes  V(C,  N)  to  be 
preferentially  precipitated  on  AIN  and  TiN  deposited  on  Ti203.  TiN  exhibits  a  better  effect  as  a  preferential 
precipitation  site  for  V(C,  N)  than  AIN.  The  precipitated  V(C,  N)  is  highly  coherent  in  terms  of  crystal  lattice 

35  with  a,  reduces  the  surface  energy  at  the  V(C,  N)/a  interface  produced  by  the  formation  of  a  y/a  nucleus 
and  accelerates  the  formation  of  an  a  nucleus.  Preferential  precipitation  of  V(C,  N)  on  TiN  is  attributable  to 
the  relationship  between  TiN  and  V  (C,  N)  in  that  they  are  dissolved,  in  a  solid  solution  form,  in  each  other 
in  any  ratio.  Fig.  1  is  an  optical  photomicrograph  (color  corrosion)  of  a  microstructure  of  an  intragranular 
ferrite  actually  nucleated  from  a  precipitate.  Fig.  2  is  a  diagram  showing  the  relationship  between  AAI%  = 

40  [Al%]  -  1.1  [0%]  and  the  charpy  impact  value  at  -5°C  determined  by  a  lab  experiment.  As  is  apparent  from 
Fig.  2,  although  high  impact  values  are  obtained  when  the  AAI%  is  in  the  range  of  from  -0.004  to  0.006%,  if 
the  AAI%  exceeds  0.006%,  the  regulation  of  the  structure  becomes  incomplete,  so  that  the  target  impact 
value  cannot  be  attained. 

The  precipitation  and  a  transformation  mechanisms  are  schematically  shown  in  Fig.  3.  The  present 
45  invention  has  been  made  based  on  the  above-described  novel  finding,  and  homogenizes  the  mechanical 

properties  through  elimination  of  a  variation  of  the  mechanical  properties  between  sites  of  the  H-shape  steel 
and,  at  the  same  time,  refine  the  grains  to  improve  the  impact  property. 

This  is  also  true  of  the  weld  heat  affected  zone  (hereinafter  referred  to  as  "HAZ").  Specifically,  the  HAZ 
is  heated  to  a  temperature  just  below  the  melting  point  of  iron,  and  austenite  is  significantly  coarsened, 

50  which  leads  to  coarsening  of  the  structure,  so  that  the  toughness  is  significantly  lowered.  Since  the 
compound  oxide  precipitate  dispersed  in  the  steel  according  to  the  present  invention  has  an  excellent 
capability  of  forming  an  acicular  intragranular  ferrite,  the  heat  stability  is  also  excellent  in  the  HAZ  portion 
and  an  improvement  in  the  toughness  can  be  attained  by  virtue  of  the  formation  of  an  intragranular  ferrite 
structure  using  the  compound  oxide  particles  as  a  nucleis  during  cooling  of  the  weld  to  significantly  refine 

55  the  structure. 
The  reason  for  limitation  of  basic  ingredients  in  the  steel  of  the  present  invention  will  now  be  described. 
At  the  outset,  C  is  added  as  an  ingredient  useful  for  improving  the  strength  of  the  steel.  When  the  C 

content  is  less  than  0.04%,  the  strength  necessary  for  use  as  a  structural  steel  cannot  be  provided.  On  the 
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other  hand,  the  addition  of  C  in  an  excessive  amount  of  more  than  0.20%  significantly  deteriorates  the 
toughness  of  the  base  material,  weld  cracking  resistance,  HAZ  toughness,  etc.  For  this  reason,  the  upper 
limit  of  the  C  content  is  0.20%. 

Si  is  necessary  for  ensuring  the  strength  of  the  base  material,  attaining  predeoxidation  and  attaining 
5  other  purposes.  When  the  Si  content  exceeds  0.5%,  a  high  carbon  martensite,  which  is  a  hard  structure,  is 

formed  within  the  heat-treated  structure,  so  that  the  toughness  is  significantly  lowered.  On  the  other  hand, 
when  it  is  less  than  0.05%,  no  necessary  Si-based  oxide  is  formed,  the  Si  content  is  limited  to  0.05  to 
0.5%. 

Mn  should  be  added  in  an  amount  of  0.4%  or  more  for  the  purpose  of  ensuring  the  toughness.  The 
io  upper  limit  of  the  Mn  content  is  2.0%  from  the  viewpoint  of  allowable  toughness  and  cracking  resistance  at 

welds. 
N  is  an  element  that  is  very  important  to  the  precipitation  of  VN  and  TiN.  When  the  N  content  is 

0.003%  or  less,  the  amount  of  precipitation  of  TiN  and  V(C,  N)  is  insufficient,  so  that  the  amount  of 
formation  of  the  ferrite  structure  is  unsatisfactory.  Further,  in  this  case,  it  is  also  impossible  to  ensure  the 

is  strength  at  a  high  temperature  of  600  °C.  For  this  reason,  the  N  content  is  limited  to  more  than  0.003%. 
When  the  content  exceeds  0.015%,  the  toughness  of  the  base  material  deteriorates,  which  gives  rise  to 
surface  cracking  of  the  steel  slab  during  continuous  casting,  so  that  the  N  content  is  limited  to  0.015%  or 
less. 

Mo  is  an  element  that  is  useful  for  ensuring  the  strength  of  the  base  material  and  the  high-temperature 
20  strength.  When  the  Mo  content  is  less  than  0.3%,  no  satisfactory  high-temperature  strength  can  be  ensured 

even  by  the  action  of  a  combination  of  Mo  with  the  precipitation  strengthening  of  V(C,  N).  On  the  other 
hand,  when  the  Mo  content  exceeds  0.7%,  since  the  hardenability  is  excessively  enhanced,  the  toughness 
of  the  base  material  and  the  HAZ  toughness  deteriorate.  Thus  the  Mo  content  is  limited  to  0.3  to  0.7%. 

Ti  is  contained  in  the  aluminum-titanium-based  oxide  and  has  the  effect  of  enhancing  the  intragranular 
25  ferrite  nucleation  and,  at  the  same  time,  precipitates  fine  TiN  to  refine  austenite,  which  contributes  to  an 

improvement  in  the  toughness  of  the  base  material  and  welds.  For  this  reason,  when  the  Ti  content  of  the 
steel  is  0.005%  or  less,  the  Ti  content  of  the  oxide  becomes  so  insufficient  that  the  action  of  the  oxide  as  a 
nucleus  for  forming  an  intragranular  ferrite  is  reduced.  Thus  the  Ti  content  is  limited  to  0.005%  or  more. 
When  the  Ti  content  exceeds  0.025%,  excess  Ti  forms  TiC  and  gives  rise  to  precipitation  hardening,  which 

30  remarkably  lowers  the  toughness  of  the  weld  heat  affected  zone,  so  that  the  Ti  content  is  limited  to  less 
than  0.025%. 

V  precipitates  as  the  V(C,  N)  that  is  necessary  for  nucleating  an  intragranular  ferrite  to  refine  the  ferrite 
and,  at  the  same  time,  ensuring  the  high-temperature  strength.  When  V  is  contained  in  an  amount  of  less 
than  0.04%,  it  cannot  precipitate  as  V(C,  N),  so  that  the  above-described  effects  cannot  be  attained. 

35  However,  the  addition  of  V  in  an  amount  exceeding  0.2%  causes  the  amount  of  precipitation  of  V(C,  N)  to 
become  excessive,  which  lowers  the  toughness  of  the  base  material  and  the  toughness  of  the  weld.  The  V 
content  is  thus  limited  to  0.05  to  0.2%. 

The  content  of  P  and  S  contained  as  unavoidable  impurities  is  not  particularly  limited.  Since,  however, 
they  give  rise  to  weld  cracking,  a  lowering  in  the  toughness  and  other  unfavorable  phenomena  due  to 

40  solidification  segregation,  they  should  be  reduced  as  much  as  possible.  The  P  and  S  contents  are  each 
desirably  less  than  0.02%. 

The  above-described  elements  constitute  basic  ingredients  of  the  steel  of  the  present  invention.  The 
steel  of  the  present  invention  may  further  contain  at  least  one  member  selected  from  Cr,  Nb,  Ni,  Cu,  Ca  and 
REM  for  the  purpose  of  enhancing  the  strength  of  the  base  material  and  improving  the  toughness  of  the 

45  base  material. 
Cr  is  useful  for  strengthening  the  base  material  and  improving  the  high-temperature  strength.  Since, 

however,  the  addition  thereof  in  an  excessive  amount  is  detrimental  to  the  toughness  and  hardenability,  the 
upper  limit  of  the  Cr  content  is  0.7%. 

Nb  is  useful  for  increasing  the  toughness  of  the  base  material.  Since,  however,  the  addition  thereof  in 
50  an  excessive  amount  is  detrimental  to  the  toughness  and  hardenability,  the  upper  limit  of  the  Nb  content  is 

less  than  0.05%. 
Ni  is  an  element  very  useful  for  enhancing  the  toughness  of  the  base  material.  Since  the  addition 

thereof  in  an  amount  of  1.0%  or  more  increases  the  cost  of  the  alloy  and  is  therefore  not  profitable,  the 
upper  limit  of  the  Ni  content  is  1.0%. 

55  Cu  is  an  element  useful  for  strengthening  the  base  material  and  attaining  weather  resistance.  The  upper 
limit  of  the  Cu  content  is  1.0%  from  the  viewpoint  of  temper  brittleness,  weld  cracking  and  hot  working 
cracking  derived  from  stress  relaxation  annealing. 
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Ca  and  REM  are  added  for  the  purpose  of  preventing  UST  defects  and  a  reduction  in  the  toughness 
caused  by  the  stretching  of  MnS  during  hot  rolling.  They  form  Ca-O-S  or  REM-O-S,  having  a  low  high- 
temperature  deformability,  instead  of  MnS  and  can  regulate  the  composition  and  shape  of  inclusions  so  as 
not  to  cause  stretching  even  in  rolling  as  opposed  to  MnS.  When  Ca  and  REM  are  added  in  respective 

5  amounts  exceeding  0.003%  by  weight  and  0.01%  by  weight,  Ca-O-S  and  REM-O-S  are  formed  in  large 
amounts  and  become  coarse  inclusions,  which  deteriorate  the  toughness  of  the  base  material  and  welds,  so 
that  the  Ca  and  REM  contents  are  limited  to  0.003%  or  less  and  0.01  %  or  less,  respectively. 

The  molten  steel  comprising  the  above-described  ingredients  is  then  subjected  to  a  predeoxidation 
treatment  to  regulate  the  dissolved  oxygen  concentration.  The  regulation  of  the  dissolved  oxygen  concentra- 

io  tion  is  very  important  for  purifying  the  molten  metal  and,  at  the  same  time,  dispersing  a  fine  oxide  in  the 
cast  slab.  The  reason  why  the  dissolved  oxygen  concentration  is  regulated  in  the  range  of  from  0.003  to 
0.015%  by  weight  is  that  when  the  [O]  concentration  after  the  completion  of  the  predeoxidation  is  less  than 
0.003%,  the  amount  of  the  compound  oxide  as  a  nucleus  for  forming  an  intragranular  ferrite,  which 
accelerates  an  intragranular  ferrite  transformation,  is  reduced  and  grains  cannot  be  refined,  so  that  no 

is  improvement  in  the  toughness  can  be  attained.  On  the  other  hand,  when  the  [O]  concentration  exceeds 
0.015%,  the  oxide  is  coarsened  even  when  other  requirements  are  satisfied,  and  becomes  an  origin  of 
brittle  fracture  and  lowers  the  toughness.  For  this  reason,  the  [O]  concentration  after  the  completion  of  the 
predeoxidation  is  limited  to  0.003  to  0.015%  by  weight. 

The  predeoxidation  treatment  is  effected  by  vacuum  degassing  and  deoxidation  with  Al  and  Si.  This  is 
20  because  the  vacuum  degassing  treatment  directly  removes  oxygen  contained  in  the  molten  steel  in  the 

form  of  a  gas  and  CO  gas  and  Al  and  Si  are  very  effective  for  purifying  the  molten  steel  by  virtue  of  easy 
floating  and  removal  of  oxide-based  inclusions  formed  by  the  strong  deoxidizing  agents  Al  and  Si. 

Then,  a  minor  amount  of  Al  is  added,  and  casting  is  effected  to  complete  the  steel  making  process.  In 
this  connection,  since  Al  has  a  strong  deoxidizing  power,  if  it  is  contained  in  an  amount  exceeding  0.015%, 

25  no  compound  oxide,  which  accelerates  the  intragranular  ferrite  transformation,  is  formed.  Further,  excess  Al 
in  a  solid  solution  form  combines  with  N  to  form  AIN  that  reduces  the  amount  of  precipitation  of  V(C,  N). 
For  this  reason,  the  Al  content  is  limited  to  0.015%  or  less.  On  the  other  hand,  when  the  Al  content  is  less 
than  0.005%,  the  intended  Al-containing  compound  oxide  cannot  be  formed,  so  that  the  Al  content  is  limited 
to  0.005%  or  more.  In  this  connection,  the  reason  why  the  Al  content  [Al%]  should  satisfy  the  relationship 

30  with  the  dissolved  oxygen  concentration  [0%]  in  terms  of  %  by  weight  represented  by  the  formula:  -0.004  ^ 
[Al%]  -  1.1  [0%]   ̂ 0.006%  is  as  follows.  In  this  formula,  when  the  Al  content  is  excessively  larger  than  the 
[O]  concentration  in  terms  of  %  by  weight,  the  number  of  particles  of  the  compound  oxide  is  reduced  and 
AI2O3,  which  does  not  serve  as  the  nucleus  for  forming  an  intragranular  ferrite,  is  formed  and  the  refinement 
of  the  structure  cannot  be  attained,  so  that  the  toughness  falls.  On  the  other  hand,  when  the  Al  content  is 

35  much  smaller  than  the  [O]  concentration  in  terms  of  %  by  weight,  the  number  of  the  compound  oxide 
particles  serving  as  nuclei  bar  intragranular  ferrite  in  the  cast  slab  cannot  exceed  the  20  particles/mm2 
necessary  in  the  present  invention.  Thus,  the  above-described  limitation  was  provided.  The  reason  why  the 
number  of  the  oxide  particles  is  limited  to  20  particles/mm2  or  more  resides  in  that  when  the  number  of 
oxide  particles  is  less  than  20  particles/mm2,  the  number  of  intragranular  ferrite  nuclei  formed  is  reduced,  so 

40  that  it  becomes  impossible  to  refine  the  ferrite.  The  number  of  particles  was  measured  and  specified  with 
an  X-ray  microanalyzer.  Al  is  added  in  the  latter  period  of  the  steel  making  process  because  the  addition  of 
Al  in  an  early  stage  causes  stable  AI2O3  to  be  formed  due  to  the  high  deoxidizing  power  and  makes  it 
impossible  to  form  an  intended  compound  oxide  having  cation  holes. 

The  cast  slab  containing  the  above-described  compound  oxide  is  then  reheated  to  a  temperature  region 
45  of  from  1,100  to  1,300°C.  The  reason  why  the  reheating  temperature  is  limited  to  this  temperature  range  is 

as  follows.  In  the  production  of  a  shape  steel  by  hot  working,  heating  to  1,100°C  or  above  is  necessary  for 
the  purpose  of  facilitating  plastic  deformation  and,  in  order  to  increase  the  yield  point  at  a  high  temperature 
by  V  and  Mo,  these  elements  should  be  sufficiently  dissolved  in  a  solid  solution  form,  so  that  the  lower  limit 
of  the  reheating  temperature  is  1,100°C.  The  upper  limit  of  the  reheating  temperature  is  1,300°C  from  the 

50  viewpoint  of  the  performance  of  a  heating  furnace  and  profitability. 
The  heated  steel  is  roll-shaped  by  steps  of  rough  rolling,  intermediate  rolling  and  finish  rolling.  In  the 

process  according  to  the  present  invention,  the  steps  of  rolling  are  characterized  in  that,  in  an  intermediate 
rolling  mill  between  rolling  passes,  cooling  of  the  surface  layer  portion  of  the  cast  slab  to  700  0  C  or  below 
followed  by  hot  rolling  in  the  process  of  recurrence  of  the  surface  of  the  steel  is  effected  once  or  more 

55  times  in  the  step  of  intermediate  rolling.  This  step  is  effected  for  the  purpose  of  imparting  a  temperature 
gradient  from  the  surface  layer  portion  towards  the  interior  of  the  steel  slab  by  the  water  cooling  between 
passes  to  enable  the  working  to  penetrate  into  the  interior  of  the  steel  even  under  low  rolling  reduction 
conditions  and,  at  the  same  time,  shortening  the  waiting  time  between  passes  caused  by  low-temperature 
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rolling  to  increase  the  efficiency.  The  number  of  repetitions  of  water  cooling  and  recurrent  rolling  depends 
upon  the  thickness  of  the  intended  rolled  steel  product,  for  example,  the  thickness  of  the  flange  in  the  case 
of  an  H-shape  steel,  and  when  the  thickness  is  large,  this  step  is  effected  a  plurality  of  times.  The  reason 
why  the  temperature  to  which  the  surface  layer  portion  of  the  steel  slab  is  cooled  is  limited  to  700  °  C  or 

5  below  is  that,  since  accelerated  cooling  is  effected  following  rolling,  the  cooling  from  the  usual  y 
temperature  region  causes  the  surface  layer  portion  to  be  hardened  to  form  a  hard  phase,  which 
deteriorates  the  workability,  such  as  drilling.  Specifically,  in  the  case  of  cooling  to  700  °C  or  below,  since 
the  y/a  transformation  temperature  is  once  broken  and  the  temperature  of  the  surface  layer  portion 
increases  due  to  recurrence  by  the  time  the  next  rolling  is  effected,  the  working  is  effected  in  a  low 

io  temperature  y  or  y/a  two-phase  coexistent  temperature  region,  which  contributes  to  a  significant  reduction 
in  the  hardenability  and  the  prevention  of  hardening  of  the  surface  layer  derived  from  accelerated  cooling. 

After  the  completion  of  the  rolling,  the  steel  is  cooled  to  650  to  400  °C  at  a  cooling  rate  of  1  to  30  °C 
per  sec  for  the  purpose  of  suppressing  the  grain  growth  of  the  ferrite  and  increasing  the  proportion  of  the 
pearlite  and  bainite  structures  to  attain  the  target  strength  in  a  low  alloy  steel.  The  reason  why  the 

is  accelerated  cooling  is  stopped  at  650  to  400  °C  is  as  follows.  If  the  accelerated  cooling  is  stopped  at  a 
temperature  exceeding  650  °  C,  the  temperature  is  the  An  point  or  above  and  the  y  phase  partly  remains, 
so  that  it  becomes  impossible  to  suppress  the  grain  growth  of  the  ferrite  and  increase  the  proportion  of  the 
pearlite  and  bainite  structures.  For  this  reason,  the  temperature  at  which  the  accelerated  cooling  is  stopped 
is  limited  to  650  °C  or  below.  If  the  accelerated  cooling  is  effected  until  the  temperature  reaches  below 

20  400  °C,  in  the  subsequent  step  of  standing,  C  and  N  dissolved  in  the  ferrite  phase  in  a  supersaturated  solid 
solution  form  cannot  be  precipitated  as  a  carbide  and  a  nitride,  so  that  the  ductility  of  the  ferrite  phase 
lowers.  Thus,  the  temperature  at  which  the  accelerated  cooling  is  stopped  is  limited  to  the  above-described 
temperature  range. 

25  EXAMPLE 

An  H-shape  steel  was  prepared  on  an  experimental  basis  by  preparing  a  steel  by  a  melt  process, 
subjecting  the  steel  to  a  predeoxidation  treatment  during  vacuum  degassing,  adding  an  alloy,  measuring  the 
oxygen  concentration  of  the  molten  steel,  adding  Al  in  an  amount  corresponding  to  the  amount  of  the 

30  oxygen,  subjecting  the  steel  to  continuous  casting  to  prepare  a  cast  slab  having  a  thickness  of  250  to  300 
mm  and  subjecting  the  cast  slab  to  rough  rolling  and  universal  rolling  as  shown  in  Fig.  4.  Water  cooling 
between  rolling  passes  was  effected  by  repetition  of  spray  cooling  of  the  internal  and  external  surfaces  of 
the  flange  with  5a  before  and  behind  an  intermediate  universal  rolling  mill  4  and  reverse  rolling,  and 
accelerated  cooling  after  the  completion  of  the  rolling  was  effected  by  spray-cooling  the  flange  and  web 

35  with  5b  behind  a  finish  rolling  mill  6. 
Test  pieces  were  sampled  from  positions  of  1/4  and  1/2  of  the  whole  width  length  (B)  (i.e.,  1/4B  and 

1/2B)  at  the  center  of  the  sheet  thickness,  t2,  (i.e.,  1  /2t2  )  of  the  flange  2  shown  in  Fig.  5  and  a  position  of  1/2 
of  the  height,  H,  of  the  web  (i.e.,  1/2H)  at  the  center  of  sheet  thickness  of  the  web  3.  The  reason  why 
properties  of  these  places  are  determined  is  that  1/4F  portion  of  the  flange  and  1/2w  portion  of  the  web 

40  have  respective  average  mechanical  properties  of  the  flange  portion  and  web  portion,  and  in  the  1/2F 
portion  of  the  flange,  the  mechanical  properties  become  the  lowest,  so  that  these  three  places  represent 
mechanical  test  properties  of  the  H-shape  steel  1  . 

Table  1  shows  the  percentage  chemical  composition  of  in  steels  on  an  experimental  basis  and  the 
number  of  particles  of  an  aluminum-titanium-based  compound  oxide  in  cast  slab,  and  Table  2  shows  rolling 

45  and  accelerated  cooling  conditions  together  with  mechanical  test  properties.  The  reason  why  the  heating 
temperature  in  the  rolling  was  1,280°C  for  all  the  samples  is  as  follows.  It  is  generally  known  that  a 
lowering  in  the  heating  temperature  improves  the  mechanical  properties,  and  high-temperature  heating 
conditions  are  considered  to  provide  the  lowest  values  of  mechanical  properties,  so  that  these  lowest  values 
can  represent  properties  at  lower  heating  temperatures. 

50 
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As  is  apparent  from  Table  2,  steels  1  to  6  according  to  the  present  invention  sufficiently  satisfy  the 
target  high-temperature  strength  and  base  material  strength  requirement  at  600  °C  (the  above-described 

40  JISG3106)  and  a  charpy  value  of  47  (J)  or  more  at  -5°C.  On  the  other  hand,  in  comparative  steels  7,  8  and 
9,  since  the  conventional  Al  deoxidation  is  effected  without  adopting  dispersion  of  a  compound  oxide 
according  to  the  present  invention  and  no  accelerated  cooling  treatment  is  effected  during  and  after  rolling, 
although  the  room  temperature  strength  and  high  temperature  strength  of  the  base  material  satisfy  the 
requirement  for  buildings  and  the  YP  ratio  is  0.8  or  less,  the  refinement  of  the  structure  and  low  alloy  cannot 

45  be  attained,  so  that  the  toughness  lowers  and,  in  particular,  the  toughness  of  the  portion  of  1/2  width  in  the 
1/2  sheet  thickness  of  the  flange  does  not  satisfy  the  target  value.  In  the  present  invention,  the  phenomenon 
wherein  the  surface  layer  portion  of  the  flange  is  hardened  by  the  accelerated  cooling  treatment  after  the 
completion  of  the  rolling  to  reduced  the  workability,  is  prevented  by  refinement  of  y  by  water  cooling 
between  rolling  passes,  and  the  surface  hardness  of  the  outer  side  surface  satisfies  a  target  Vickers 

50  hardness,  Hv,  of  240  or  less. 
That  is,  when  all  the  requirements  of  the  present  invention  are  satisfied,  like  the  shape  sheets  1  to  6 

listed  in  Table  2,  it  becomes  possible  to  produce  rolled  shape  steels  excellent  in  fire  resistance  and 
toughness  and  having  sufficient  strength  at  room  temperature  and  600  °C  even  at  a  position  of  1/2  width  in 
1/2  sheet  thickness  of  the  flange  where  it  is  most  difficult  to  satisfy  mechanical  property  requirements  of  the 

55  rolled  shape  steel.  It  is  a  matter  of  course  that  the  rolled  shape  steel  contemplated  in  the  present  invention 
is  not  limited  to  the  H-shape  steel  described  in  the  above  Example  but  includes  I  shape  steels,  angles, 
channels  and  irregular  unequal  thickness  angles. 
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In  the  rolled  shape  steel  of  the  present  invention,  sufficient  strength  and  toughness  can  be  attained 
even  at  the  portion  of  1/2  width  in  the  1/2  sheet  thickness  of  the  flange  where  it  is  most  difficult  to  ensure 
the  mechanical  test  properties,  and  it  becomes  possible  to  effect  efficient  in-line  production  of  controlled 
cold-rolled  shape  steels  having  excellent  fire  resistance  and  toughness  and  capable  of  attaining  the  fireproof 

5  property  even  when  the  high  temperature  property  and  covering  thickness  of  the  refractory  material  are  20 
to  50%  of  the  prior  art,  which  contributes  to  a  significant  reduction  of  the  cost  by  virtue  of  a  reduction  in  the 
construction  cost  and  shortening  of  the  construction  period,  so  that  industrial  effects,  such  as  improvements 
in  the  reliability,  safety  and  profitability  of  large  constructions  are  very  significant. 

w  Claims 

1.  A  cast  slab  produced  by  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to  0.20% 
of  C,  0.05  to  0.50  %  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20% 
of  V  and  0.005  to  0.025%  of  Ti  with  the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a 

is  predeoxidation  treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight, 
adding  metallic  aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of 
0.005  to  0.015%  by  weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content 
[Al%]  and  the  dissolved  oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1- 
[0%]   ̂ 0.006,  and  crystallizing  and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of 

20  20  particles/mm2  or  more  in  the  steel. 

2.  A  cast  slab  produced  by  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to  0.20% 
of  C,  0.05  to  0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20% 
of  V  and  0.005  to  0.025%  of  Ti  and  further  comprising  at  least  one  member  selected  from  0.7%  or  less 

25  of  Cr,  0.05%  or  less  of  No,  1.0%  or  less  of  Ni,  1.0%  or  less  of  Cu,  0.003%  or  less  of  Ca  and  0.010%  or 
less  of  REM  with  the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a  predeoxidation 
treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight,  adding  metallic 
aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005  to  0.015%  by 
weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and  the  dissolved 

30  oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006,  and 
crystallizing  and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2  or 
more  in  the  steel. 

3.  A  process  for  producing  a  refractory  controlled  rolling  shape  steel  containing  an  oxide,  comprising  the 
35  steps  of:  subjecting  a  molten  steel  comprising,  in  terms  of  %  by  weight,  0.04  to  0.20%  of  C,  0.05  to 

0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20%  of  V  and  0.005 
to  0.025%  of  Ti,  with  the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a  predeoxidation 
treatment  to  regulate  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight,  adding  metallic 
aluminum  or  ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005  to  0.015%  by 

40  weight  and  to  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and  the  dissolved 
oxygen  concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006,  crystallizing 
and  dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2  or  more  in  the 
steel,  thereby  producing  a  cast  slab,  reheating  the  cast  slab  to  a  temperature  region  of  from  1,100  to 
1,300°C,  then  initiating  rolling,  effecting  between  passes  in  the  step  of  rolling  at  least  once  water- 

45  cooling  of  the  surface  layer  portion  of  the  resultant  steel  slab  to  700  °  C  or  below  followed  by  rolling  in 
the  process  of  recurrence  of  the  surface  of  the  steel,  cooling  the  rolled  steel  after  the  completion  of  the 
rolling  at  a  cooling  rate  of  1  to  30°C/sec  to  650  to  400  °C  and  then  allowing  the  cooled  steel  to  stand. 

4.  A  process  for  producing  a  refractory  controlled  rolling  shape  steel,  containing  an  oxide,  comprising  the 
50  steps  of:  subjecting  a  molten  steel  comprising,  in  terms  of%  by  weight,  0.04  to  0.20%  of  C,  0.05  to 

0.50%  of  Si,  0.4  to  2.0%  of  Mn,  0.3  to  0.7%  of  Mo,  0.003  to  0.015%  of  N,  0.04  to  0.20%  of  V  and  0.005 
to  0.025%  of  Ti  and  further  comprising  at  least  one  member  selected  from  0.7%  or  less  of  Cr,  0.05% 
or  less  of  Nb,  1.0%  or  less  of  Ni,  1.0%  or  less  of  Cu,  0.003%  or  less  of  Ca  and  0.010%  or  less  of  REM 
with  the  balance  consisting  of  Fe  and  unavoidable  impurities,  to  a  predeoxidation  treatment  to  regulate 

55  the  dissolved  oxygen  concentration  to  0.003  to  0.015%  by  weight,  adding  metallic  aluminum  or 
ferroaluminum  to  effect  deoxidation  so  as  to  produce  an  Al  content  of  0.005  to  0.015%  by  weight  and 
to  satisfy  a  requirement  of  the  relationship  between  the  Al  content  [Al%]  and  the  dissolved  oxygen 
concentration  [0%]  represented  by  the  formula:  -0.004   ̂ [Al%]  -  1.1  [0%]   ̂ 0.006,  crystallizing  and 
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dispersing  an  aluminum-titanium  compound  oxide  in  an  amount  of  20  particles/mm2  or  more  in  the 
steel,  thereby  producing  a  cast  slab,  reheating  the  cast  slab  to  a  temperature  region  of  from  1,100  to 
1,300°C,  then  initiating  rolling,  effecting  between  passes  in  the  step  of  rolling,  at  least  once  water- 
cooling  of  the  surface  layer  portion  of  the  resultant  steel  slab  to  700  °  C  or  below  followed  by  rolling  in 
the  process  of  recurrence  of  the  surface  of  the  steel,  cooling  the  rolled  steel  after  the  completion  of  the 
rolling  at  a  cooling  rate  of  1  to  30°C/sec  to  650  to  400  °C  and  then  allowing  the  cooled  steel  to  stand. 
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