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Description 

FIELD  OF  THE  INVENTION 

This  invention  relates  to  a  method  of  injecting  a 
repairing  agent  into  cracks  occurring  in  concrete  or 
a  base  rock,  a  masonry  joint  of  brick  masonry  and 
rock  masonry,  or  the  like,  to  repair  the  cracks. 

BACKGROUND  ART 

As  known  well,  concrete  is  a  composite  ma- 
terial  which  utilizes  the  fact  that,  when  water  is 
added  to  gravel,  sand  and  cement  and  is  kneaded 
together  with  the  latter,  the  water  and  the  cement 
are  hardened  under  hydration  reaction.  Since  the 
concrete  is  long  in  durability,  and  is  high  in 
strength  and,  further,  is  low  in  cost,  the  concrete  is 
widely  used  in  various  fields.  Particularly,  the  con- 
crete  is  a  material  which  is  essential  for  buildings 
and  civil  engineering  construction.  However,  the 
concrete  alone  is  extremely  low  in  bending 
strength  and  tensile  strength,  and  cannot  sufficient- 
ly  stand  up  against  a  bending  force  and  a  tensile 
force.  In  order  to  strengthen  or  reinforce  this  dis- 
advantage,  a  method  has  been  invented  which  uti- 
lizes  concrete  reinforced  with  steel  products.  It  is 
the  existing  condition  that  the  compound  of  the 
concrete  and  the  steel  products  is  widely  utilized 
for  many  buildings  as  reinforced  concrete  or  steel 
concrete. 

It  cannot  be  avoided  that,  as  a  basic  property 
of  the  concrete  dry  shrinkage  occurs  due  to  evap- 
oration  of  excess  mixed  water  during  hardening, 
and  many  minute  cracks  are  generated  at  various 
locations.  The  cracks  per  se  are  elucidated  in  view  of 
structural  mechanics,  to  be  of  no  problem.  How- 
ever,  secondary  influences  caused  by  the  cracks, 
for  example,  leaking  of  rain  in  a  concrete  building, 
corrosion  or  erosion  of  reinforcement  due  to  leak- 
ing  water  from  cracks,  reduction  in  structural 
strength  caused  by  the  corrosion,  and  the  like,  are 
so  serious  as  to  down  grade  a  material  value  of  the 
concrete.  Accordingly,  when  cracks  occur  in  the 
concrete  or  the  reinforced  concrete,  it  is  essential 
to  repair  the  cracks.  Conventionally,  the  following 
repairing  methods  are  employed. 

Repairing  methods  normally  practiced  conven- 
tionally  are  divided  broadly  into  two  categories, 
depending  upon  the  size  or  dimension  of  the 
cracks. 

First  one  is  a  method  which  is  employed  in  the 
case  where  crack  width  is  relatively  wide  such  as 
those  above  a  value  of  the  order  of  1  mm,  and  a 
repairing  material  can  easily  be  poured  into  the 
cracks.  In  the  method,  a  concrete  surface  is  cut  out 
in  the  form  of  a  letter  y  or  y  along  the  cracks,  a 
repairing  agent  such  as  cement  milk,  mortar  or  the 

like  is  poured  into  the  cracks  by  the  use  of  a 
simple  appliance  and,  subsequently,  the  cut-out 
portions  are  filled  up  by  cement  mortar  or  resin 
mortar,  to  repair  the  cracks. 

5  Second  one  is  a  method  in  which  various  injec- 
tion  appliances  are  used  to  inject,  under  pressure, 
a  repairing  agent  such  as  resin  or  the  like  into 
cracks.  The  method  is  utilized  in  the  case  where 
the  crack  width  is  of  the  order  of  1  mm  or  less,  and 

io  the  repairing  material  like  one  described  above 
cannot  easily  be  poured  into  the  cracks.  In  this 
case,  the  narrower  the  crack  width,  and  the  deeper 
the  depths  of  the  cracks,  the  larger  the  injection 
resistance.  Accordingly,  various  appliances  are 

75  used  which  are  so  contrived  that  elastic  springs, 
hydraulic  pressure  or  pneumatic  pressure,  or  rub- 
ber  elasticity  is  utilized  to  produce  a  predetermined 
injection  pressure.  Various  examples  of  the  appli- 
ances  are  shown  in  Figs.  12  through  15. 

20  An  appliance  illustrated  in  Fig.  12  is  one  in 
which  an  elastic  force  of  a  rubber  tube  is  utilized  to 
produce  injection  pressure.  The  arrangement  is 
such  that  a  resin  (a  repairing  agent)  2  is  forced  into 
a  rubber  tube  1  by  a  grease  pump  to  inflate  the 

25  rubber  tube  1  like  a  balloon,  and  a  contractile  force 
of  the  rubber  tube  1  causes  the  resin  2  to  be 
injected  into  the  cracks. 

An  appliance  illustrated  in  Fig.  13  is  one  which 
is  arranged  such  that  a  resin  is  put  in  a  cylinder  3 

30  in  the  form  of  an  injector  or  syringe  made  of  a 
plastic  material,  and  a  contractile  force  of  rubber 
straps  4  and  4  causes  a  piston  to  be  pushed  into 
the  cylinder  to  inject  the  resin. 

An  appliance  illustrated  in  Fig.  14  is  one  which 
35  is  arranged  such  that  a  pressure  tank  6  having  a 

check  valve  5  is  mounted  on  cracks,  resin  2  is 
injected  into  the  pressure  tank  6  by  a  grease  pump 
7  to  increase  or  raise  air  pressure  within  the  pres- 
sure  tank  6,  and  the  air  pressure  causes  the  resin  2 

40  to  be  injected  into  the  cracks. 
An  appliance  illustrated  in  Fig.  15  is  one  which 

is  arranged  such  that  an  elastic  spring  10  is  ar- 
ranged  at  a  rear  portion  of  an  internal  pressurizing 
plug  9  of  a  cylinder  8  in  the  form  of  a  syringe,  a 

45  lever  1  1  connected  to  the  internal  pressurizing  plug 
9  is  pulled  back  end  to  draw  the  resin  2  into  the 
cylinder  8  and,  simultaneously,  the  elastic  spring 
10  is  contracted,  and  an  elastic  repelling  force  of 
the  elastic  spring  10  causes  the  pressurizing  plug  9 

50  to  be  pushed  forwardly  to  inject  the  resin  2  into  the 
cracks. 

In  addition  to  the  above-described  appliances, 
there  is  such  an  arrangement  or  the  like  that  a 
capsule  having  put  a  resin  is  placed  in  a  pressure 

55  vessel  or  container,  is  set,  and  compressed  air  is 
delivered  into  the  pressure  container  by  a  com- 
pressor,  thereby  compressing  the  capsule  to  push 
the  resin  out  thereof. 
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As  described  above,  in  the  case  where  the 
crack  width  is  large,  it  is  possible  to  relatively 
easily  pour  the  repairing  agent  such  as  the  cement 
milk  or  mortar  into  the  cracks  and,  thus,  it  is 
possible  to  easily  repair  the  cracks.  Generally, 
however,  the  cracks  occurring  in  the  concrete  in- 
clude  many  small  ones  equal  to  or  less  than  1  mm. 
On  occasion,  there  are  minute  cracks  of  the  order 
of  a  few  micrometers.  Accordingly,  it  is  not  nec- 
essarily  easy  to  completely  repair  the  minute 
cracks. 

That  is,  in  that  case,  the  various  appliances 
described  above  are  used  to  inject  the  resin  into 
the  cracks.  In  order  to  practice  complete  injection, 
however,  injection  pressure  larger  than  the  injection 
resistance  must  be  maintained  for  a  long  period  of 
time.  Further,  since  the  injection  resistance  in- 
creases  in  proportion  to  the  length  of  the  cracks 
and  the  depth  thereof,  it  is  required  that  the  injec- 
tion  pressure  increases  gradually.  This  is  apparent 
from  the  Bernoulli  theorem. 

For  the  conventional  method  in  which  the 
above-described  appliances  are  employed  to  inject 
the  resin  into  the  cracks,  it  is  impossible  to  main- 
tain  of  the  injection  pressure  for  long  period  of  time 
and  to  increase  the  injection  pressure  gradually 
afterwards.  Accordingly,  it  is  impossible  for  any  of 
the  above-  described  appliances  to  sufficiently  in- 
ject  the  resin  into  the  cracks. 

That  is,  in  view  of  the  mechanism  for  generat- 
ing  the  injection  pressure,  all  of  the  above-  de- 
scribed  appliances  are  characterized  in  that  the 
injection  pressure  is  maximum  at  the  initiation  point 
of  injection,  subsequently,  is  gradually  reduced 
and,  at  last,  approaches  0  (zero).  Thus,  it  is  impos- 
sible  to  retain  the  injection  pressure  necessary  for 
the  injection.  For  example,  in  the  appliance  illus- 
trated  in  Fig.  12,  the  pressure  within  the  rubber 
tube  is  maximum  before  the  start-up  of  injection. 
When  the  injection  starts  and  the  quantity  of  the 
resin  2  within  the  rubber  tube  1  decreases,  the 
injection  pressure  is  attenuated  rapidly.  This  is  the 
behavior  which  is  against  the  injection  theory  in 
which  the  injection  pressure  must  gradually  in- 
crease.  For  the  use  of  such  appliance,  it  is  impos- 
sible  to  practice  complete  injection.  For  the  appli- 
ances  illustrated  in  Figs.  13  through  15,  the  cir- 
cumstances  are  identical  with  the  above  ones. 

The  behavior  of  the  conventional  various  appli- 
ances  will  be  described  in  further  detail  with  refer- 
ence  to  Fig.  16.  The  abscissa  in  Fig.  16  indicates 
"a  lapse  of  time  from  the  start-up  of  injection  or  an 
injection  length",  while  the  ordinate  indicates  "the 
injection  pressure  of  the  appliance"  and  "the  requi- 
site  injection  pressure".  The  reference  numeral  20 
denotes  a  linear  variation  of  the  injection  pressure 
in  the  conventional  appliance,  and  the  reference 
numeral  21  denotes  a  line  indicating  a  varying 

condition  of  requisite  injection  pressure  which  is 
required  for  practicing  complete  injection. 

In  the  figure,  in  the  conventional  appliance,  the 
injection  pressure  is  maximum  at  the  point  of  time 

5  of  injection  start-up  and,  subsequently,  is  gradually 
attenuated.  It  is  indicated,  however,  that  the  requi- 
site  injection  pressure  must  gradually  increase, 
conversely.  It  will  be  seen  that,  in  spite  of  the  fact 
that  the  injection  pressure  indicated  by  a  point  b  is 

io  required  at  a  point  b',  the  use  of  the  conventional 
appliance  enables  only  injection  pressure  of  almost 
0  (zero)  to  be  produced  at  the  point  b'.  Further,  the 
total  energy  required  for  practicing  complete  injec- 
tion  is  indicated  by  an  area  encircled  by  0-b-b', 

is  while  the  total  energy  generated  by  the  conven- 
tional  appliance  is  indicated  by  an  area  encircled 
by  c-b'-O.  In  the  case  where  the  maximum  injection 
pressure  5  of  the  appliance  is  equal  to  the  requisite 
maximum  injection  pressure  b.  the  total  energy 

20  required  for  complete  injection  and  the  total  energy 
generated  by  the  appliance  become  equal  to  each 
other.  Since,  however,  the  injection  requirements 
and  the  appliance  capabilities  are  incompatible,  the 
half  of  the  energy  generated  by  the  appliance  is 

25  consumed  wastefully.  The  energy  used  as  the  ef- 
fective  injection  energy  is  only  the  area  encircled 
by  0-a-b'.  Since  the  energy  encircled  by  0-c-a  is 
generated  at  a  stage  which  is  not  required  for 
injection,  not  only  the  energy  encircled  by  0-c-a  is 

30  not  totally  utilized  effectively,  but  also  bad  effects 
are  caused,  such  that  the  crack  width  is  widened 
or,  the  concrete  at  the  loosened  crack  portion  falls 
off,  and  so  on. 

In  the  case  where  the  conventional  appliance  is 
35  used,  the  complete  injection  cannot  be  practiced 

even  if  an  appliance  is  used  which  can  generate 
pressure  equivalent  to  the  injection  pressure  re- 
quired  for  practicing  the  complete  injection.  That  is, 
even  if  an  appliance  of  4  Kg  of  the  conventional 

40  system  when  the  maximum  injection  pressure  is 
required  by  4  Kg,  repair  cannot  be  practiced  with 
respect  to  cracks  in  which  the  maximum  requisite 
injection  pressure  is  4  Kg.  In  order  to  practice 
complete  injection  by  the  conventional  appliance, 

45  the  latter  must  be  arranged  such  that  the  requisite 
injection  pressure  is  produced  at  the  final  point  in 
time.  In  the  appliance,  however,  not  only  the  maxi- 
mum  injection  pressure  becomes  excessive  at  the 
time  of  injection  start-up  so  that  the  bad  influence 

50  like  those  described  above  occurs,  but  also  the 
appliance  must  be  large-sized  in  order  to  generate 
such  large  injection  pressure.  Large-sizing  of  the 
appliance  causes  handling  problems,  and  causes 
large  danger  to  be  attended  with.  Thus,  the  appli- 

55  ance  is  not  practical. 
Furthermore,  in  the  case  where  the  above- 

described  conventional  appliances  are  used,  it  is 
possible  to  raise  the  injection  pressure  by  addition 
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of  hydraulic  pressure  or  by  addition  of  a  quantity  of 
air.  To  this  end,  however,  intervention  of  man  pow- 
er  will  be  required  and  the  injection  operation  be- 
comes  troublesome.  This  is  also  not  practical. 

In  connection  with  the  above,  in  Fig.  16,  the 
varying  condition  of  the  requisite  injection  pressure 
is  indicated  in  a  straight  line  manner.  In  practice, 
however,  the  varying  condition  of  the  requisite  in- 
jection  pressure  does  not  necessarily  become  lin- 
ear  attendant  upon  a  change  in  the  frictional  resis- 
tance  between  the  crack  width  and  the  periphery, 
and  the  varying  condition  of  the  injection  pressure 
generated  by  the  appliance  does  not  become  linear 
depending  upon  the  structure  or  construction  of  the 
appliance.  In  either  case,  however,  such  a  condition 
cannot  be  fulfilled  that  the  maximum  injection  pres- 
sure  is  required  immediately  after  injection  start-up. 
Further,  it  is  out  of  the  bounds  of  possibility  that,  in 
the  conventional  appliance,  the  injection  pressure 
becomes  maximum  at  the  final  point  in  time. 

Disadvantages  of  the  repairing  method,  which 
utilizes  the  conventional  appliances,  will  be  sum- 
marized  below: 

1  .  The  generation  behavior  of  the  injection  pres- 
sure  is  opposite  to  the  required  condition  of 
variation  in  pressure  required  for  injection,  and 
this  is  illogical. 
2.  In  order  to  retain  the  injection  pressure  con- 
stant  to  practice  complete  injection,  intervention 
due  to  man  power  is  always  required  so  that  it  is 
impossible  to  eliminate  or  reduce  labor. 
3.  In  order  to  produce  high  injection  pressure,  a 
complicated  and  large  appliance  is  required,  and 
special  skilled  laborers  are  always  required. 
4.  Since  the  injection  pressure  cannot  be  main- 
tained  for  a  long  period  of  time,  it  cannot  be 
confirmed  that  injection  becomes  incomplete 
due  to  shortage  or  insufficiency  of  the  injection 
pressure.  In  connection  with  the  above,  the 
above  is  applicable  not  only  to  the  case  where 
cracks  generated  in  the  concrete  are  repaired, 
but  also  equally  to  the  case  where  repair  is 
made  to  cracks  in  a  base  rock,  and  to  cracks 
occurring  in  stone  or  brick,  or  in  a  masonry  joint 
of  a  concrete  block  building. 
An  apparatus  for  injecting  an  adhesive  is 

known  from  US-A-46  22  085.  The  injector  com- 
prises  an  assembly  having  an  inner  container  con- 
taining  an  adhesive  material  and  an  outer  container 
enclosing  the  inner  container  and  is  attached  to  a 
single  cap  to  make  a  liquid-tight  and  gas-tight 
connection.  The  inner  container  is  elastic  and  has  a 
concave  bottom  surface  so  that  a  high  pressure 
gas  introduced  into  the  space  between  the  inner 
and  outer  containers  can  push  out  the  adhesive 
material  from  the  inner  container  through  a  front 
piece  of  the  injector  which  is  attached  to  the  target 
area. 

An  apparatus  for  expelling  liquid  propellant 
from  a  stored  tank  in  a  liquid  rocket  is  known  from 
US-A-37  34  348.  The  apparatus  comprises  a  bel- 
lows  made  of  a  shape-memory  alloy  loaded  with 

5  the  liquid  propellant  at  a  temperature  below  the 
transition  temperature  of  the  alloy.  The  bellows  is 
heated  to  a  temperature  above  the  transition  tem- 
perature  of  the  alloy  so  that  the  bellows  returns  to 
its  natural  position  and  thereby  expells  the  liquid 

io  propellant  from  the  stored  tank  for  use  in  the  liquid 
rocket. 

US-A-48  11  564  discloses  an  electrically  op- 
erated  double  action  spring  actuator.  One  shape 
memory  metal  forms  a  retractor  spring  while  the 

is  other  shape  memory  metal  forms  an  expansion 
spring  so  that  a  forward  and  rearward  motion  of  the 
actuator  is  generated  according  to  the  respective 
temperature  to  which  the  shape  memory  metals 
are  heated  or  cooled. 

20  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  method  capable  of  reasonably  and  com- 
pletly  repairing  cracks  occurring  in  conrete,  a  ma- 
sonry  joint  or  the  like  which  utilizes  the  restoring 
forces  of  a  shape  memory  alloy. 

25  According  to  the  present  invention,  in  injecting 
a  repairing  agent  such  as  a  resin  or  the  like  into 
cracks  occurring  in  an  object  to  be  repaired  such 
as  concrete,  a  masonry  joint  or  the  like,  an  injection 
appliance  is  used  which  comprises  a  driving  source 

30  made  of  a  shape-memory  alloy  to  inject  the  repair- 
ing  agent  into  the  cracks  by  a  shape  restoring 
force  of  the  shape-  memory  alloy,  whereby  injec- 
tion  pressure  of  the  repairing  agent  into  the  cracks 
gradually  increases  after  the  injection  has  started, 

35  and  from  the  time  the  injection  pressure  reaches 
maximum,  and  the  maximum  injection  pressure  is 
maintained  for  a  predetermined  period  of  time.  It  is 
desirable  that  injection  of  the  repairing  agent  into 
the  cracks  by  the  injection  appliance  is  practiced 

40  while  evacuating  to  exclude  such  objects  such  as 
water,  air  and  so  on  within  the  cracks  from  the 
interiors  of  the  cracks 

The  injection  appliance  for  the  repairing  agent, 
which  is  employed  in  the  invention,  is  one  in  which 

45  the  injection  pressure  is  produced  by  utilization  of 
the  shape  restoring  force  of  the  shape-memory 
alloy. 

Many  alloys  indicating  shape-memory  effects 
are  known.  As  representative  alloys,  there  are  a  Ni- 

50  Ti  alloy,  a  Cu-AI-Ni  alloy,  a  Cu-Zn-AI  alloy  and  the 
like. 

The  shape  memory  effects  are  based  on  the 
thermoelasticity  martensitic  transformation.  Normal- 
ly,  the  shape  memory  effects  are  produced  by 

55  rapid-cooling  of  these  alloys  from  a  range  of  the 
austenitic  phase  or  /3  phase.  Mechanical  character- 
istics  of  the  shape-memory  alloy  depend  upon 
temperature,  and  change  at  the  transformation  tem- 

4 
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perature.  The  shape-memory  alloy  is  soft  under  a 
condition  of  a  martensitic  phase  at  temperature 
equal  to  or  below  the  transformation  temperature, 
while  the  strength  and  hardness  of  the  shape- 
memory  alloy  increase  in  the  /3  phase  at  tempera- 
ture  equal  to  or  above  the  transformation  tempera- 
ture.  Since  the  shape-memory  alloy  has  such  prop- 
erties,  a  large  restoring  force  is  generated  when 
deformation  is  applied  to  the  shape-memory  alloy 
under  the  condition  of  the  martensitic  phase  and 
heating  causes  the  shape-memory  alloy  to  be 
brought  to  the  /3  phase  to  restore  the  shape  of  the 
shape-memory  alloy.  For  example,  the  maximum 
restoring  force  reaches  35  Kg/mm2  for  the  Cu-Zn- 
Al  alloy. 

The  shape  restoring  force  is  determined  by  the 
degree  of  deformation,  a  quantity  of  shape  recov- 
ery,  heating  temperature  and  the  like  which  are 
given  to  the  martensitic  phase.  Considering  the 
effects  of  temperature,  the  higher  the  treatment 
temperature  above  the  transformation  temperature, 
the  higher  the  shape  restoring  force  increase.  Fur- 
ther,  since  the  memory  alloy  per  se  has  a  predeter- 
mined  or  constant  volume,  some  time  is  more  or 
less  required  for  reaching  the  ambient  temperature. 
In  either  case,  since  the  temperature  does  not  rise 
instantly,  the  shape  restoring  force  gradually  in- 
creases.  In  the  case  where  the  surrounding  tem- 
perature  is  constant,  a  generated  force  becomes  a 
function  of  time.  Furthermore,  after  the  temperature 
has  reached  a  predetermined  value  so  that  the 
shape  is  restored,  the  restoring  force  is  always 
maintained  so  long  as  the  temperature  is  not  lower- 
ed. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  view  showing  a  force  generating 
condition  when  a  coil  spring  made  of  a  shape- 
memory  alloy  is  heated; 
Fig.  2  is  a  view  showing  a  relationship  between 
the  force  generating  condition  and  a  varying 
condition  of  requisite  injection  pressure; 
Fig.  3  is  a  view  showing  an  example  of  an 
injection  appliance  used  in  the  invention,  and  is 
a  cross-sectional  view  when  a  piston  body  is 
contracted; 
Fig.  4  is  a  view  showing  the  example  of  the 
injection  appliance  used  in  the  invention,  and  is 
a  cross-sectional  view  when  the  piston  body  is 
extended  or  lengthened; 
Fig.  5  is  a  view  showing  another  example  of  an 
injection  appliance  used  in  the  invention,  and  is 
a  cross-sectional  view  of  a  condition  in  which  a 
container  made  of  a  shape-memory  alloy  is  ex- 
tended; 
Fig.  6  is  a  view  showing  another  example  of  the 
injection  appliance  used  in  the  invention,  and  is 

a  cross-sectional  view  of  a  condition  in  which 
the  container  is  deformed  into  a  spiral  form; 
Fig.  7  is  a  view  showing  still  another  example  of 
an  injection  appliance  used  in  the  invention,  and 

5  is  a  crosssectional  view  of  a  condition  in  which  a 
coil  spring  is  contracted; 
Fig.  8  is  a  view  showing  the  still  another  exam- 
ple  of  the  injection  appliance  used  in  the  inven- 
tion,  and  is  a  crosssectional  view  of  a  condition 

io  in  which  the  coil  spring  is  extended; 
Fig.  9  is  a  view  showing  an  embodiment  of  a 
method  according  to  the  invention,  and  is  a  flow 
chart  of  operation  and  procedure; 
Figs.  10(a)  through  10(d)  are  views  showing  an 

is  embodiment  of  the  method  according  to  the 
invention,  and  are  views  showing  principal  pro- 
cedure  in  order  of  operational  steps; 
Figs.  1  1  (a)  and  1  1  (b)  are  views  showing  another 
embodiment  of  the  method  according  to  the 

20  invention,  Fig.  11(a)  being  a  view  showing  a 
condition  in  which  injection  is  practiced  while 
drawing  or  suction  is  effected,  and  Fig.  11(b) 
being  an  enlarged  view  of  a  suction  cylinder; 
Figs.  12  through  15  are  views  showing  the  con- 

25  ventional  injection  appliances,  respectively;  and 
Fig.  16  is  a  view  showing  a  relationship  between 
an  injection  pressure  generating  condition  of  the 
conventional  appliance  and  a  varying  condition 
of  requisite  injection  pressure. 

30 
PREFERRED  EMBODIMENTS  OF  THE  INVEN- 
TION 

The  principle  of  the  invention  will  be  described 
35  below  with  reference  to  Figs.  1  and  2.  An  example 

of  the  force  generating  behavior  of  a  shape-  mem- 
ory  alloy  is  shown  in  Fig.  1,  which  shows  a  stress 
generating  curve  and  a  temperature  change  curve 
at  the  time  a  coil  spring  (transformation  tempera- 

40  ture  is  about  0  °  C)  made  of  a  shape-memory  alloy 
of  a  copper,  zinc  and  aluminum  system  (Zn:  20 
wt%,  and  Al:  6  wt%)  is  cooled  to  -18  °C  to  be 
contracted,  and  is  allowed  to  warm  up  naturally  to 
the  ambient  temperature  (temperature  is  15.5°  )  so 

45  that  the  coil  spring  is  extended.  The  coil  spring  has 
its  wire  diameter  of  3.5  mm,  a  coil  outer  diameter 
of  27.4  mm  at  contraction  and  26.8  mm  at  exten- 
sion,  a  length  at  contraction  of  31.2  mm  at  -18  °C 
and  a  free  elongation  length  of  80.5  mm  at  15.5°C 

50  (all  of  them  are  actually  measured  mean  values). 
From  this  figure,  it  will  be  seen  that,  in  the  force 
generating  condition,  the  stress  is  initially  0  (zero), 
but  gradually  increases  as  the  temperature  rises, 
and  the  stress  is  continuously  maintained  after  the 

55  stress  has  reached  maximum. 
In  the  injection  appliance  in  which  the  shape 

restoring  force  of  the  shape-memory  alloy  is  uti- 
lized  to  inject  the  repairing  agent,  the  above-de- 

5 
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scribed  disadvantages  of  the  conventional  appli- 
ances  can  effectively  be  resolved.  That  is,  in  the 
case  where  the  coil  spring  having  its  characteristics 
illustrated  in  Fig.  1  is  employed,  the  generating 
condition  of  the  stress  shows  a  tendency  similar  to 
a  changing  curve  21  of  a  requisite  injection  pres- 
sure  shown  in  Fig.  16.  Accordingly,  when  the 
shape-memory  alloy,  which  generates  the  stress  in 
such  a  way,  is  utilized  as  a  generating  source  of 
the  injection  stress,  ideal  injection  can  be  practiced 
conveniently. 

This  will  be  further  described  with  reference  to 
Fig.  2.  In  Fig.  2,  similarly  to  Fig.  16,  the  abscissa 
indicates  "a  lapse  of  time  from  the  start-up  of 
injection  or  an  injection  length",  while  the  ordinate 
indicates  "the  injection  pressure  of  the  appliance" 
and  "the  requisite  injection  pressure".  The  refer- 
ence  numeral  25  denotes  a  curve  showing  a 
changing  condition  of  the  injection  pressure  of  an 
appliance  which  employs  the  coil  spring  made  of 
the  shape-memory  alloy,  and  the  reference  nu- 
meral  21  denotes  a  straight  line  (identical  with  the 
straight  line  21  shown  in  Fig.  16)  showing  the 
changing  condition  of  the  requisite  injection  pres- 
sure.  From  this  figure,  it  will  be  seen  that  the 
straight  line  21  showing  a  change  in  the  requisite 
injection  pressure  and  the  stress  generating  rising 
curve  25  of  the  shape-memory  alloy  have  no  sub- 
stantial  difference  therebetween.  Accordingly,  there 
is  almost  no  waste  in  energy,  and  ideal  complete 
injection  can  be  realized. 

In  connection  with  the  above,  the  change  in  the 
requisite  injection  pressure  is  different  from  the 
straight  line  indicated  by  21,  for  example,  in  the 
case  where  the  requisite  injection  pressure 
changes  under  conditions  indicated  by  the  refer- 
ence  numerals  21'  and  21"  in  Fig.  2,  complete 
injection  can  similarly  be  done.  That  is,  in  the  case 
where  the  requisite  injection  pressure  changes  like 
21',  the  injection  pressure  of  the  coil  spring  has 
already  reached  the  maximum  requisite  pressure  at 
the  time  the  maximum  requisite  pressure  is  re- 
quired,  and  the  pressure  is  maintained  as  it  is. 
Thus,  the  requisite  injection  pressure  and  energy 
are  naturally  produced  so  that  complete  injection 
can  be  done.  Further,  in  the  case  where  the  requi- 
site  injection  pressure  changes  like  21",  the  injec- 
tion  pressure  of  the  coil  spring  does  not  still  reach 
the  pressure  at  the  point  of  time  the  maximum 
requisite  pressure  is  required.  When  the  predeter- 
mined  time  elapses,  however,  the  injection  pres- 
sure  of  the  coil  spring  reaches  the  maximum  de- 
sired  pressure  and,  subsequently,  the  pressure  is 
maintained  as  it  is.  Accordingly,  only  the  point  of 
time  of  completion  of  injection  will  more  or  less  be 
delayed,  but  there  is  no  change  in  achievement  of 
complete  injection. 

Embodiments  of  the  invention  will  be  described 
below  with  reference  to  the  drawings. 

First,  with  reference  to  Figs.  3  through  8,  injec- 
tion  appliances  a,  b  and  c  will  be  described  which 

5  are  suitable  in  use  in  the  method  according  to  the 
invention.  The  injection  appliances  A,  b  and  c  are 
constructed  such  that  each  of  them  is  provided 
with  a  driving  source  made  of  a  shape-memory 
alloy,  and  resin  as  a  repairing  agent  is  injected  into 

io  cracks  by  a  restoring  elastic  force  of  the  driving 
source. 

The  injection  appliance  a  schematically  shown 
in  Figs.  3  and  4  is  arranged  such  that  a  piston 
body  (driving  source)  31  made  of  a  shape-memory 

is  alloy  is  mounted  within  a  cylinder  30,  and  is  ex- 
tended  when  the  piston  body  31  is  heated  to 
temperature  equal  to  or  higher  than  the  transforma- 
tion  temperature.  As  illustrated  in  Fig.  3,  after  the 
piston  body  31  has  been  cooled  to  temperature 

20  equal  to  lower  than  the  transformation  temperature 
and  has  been  contracted,  the  repairing  agent,  the 
resin  2,  is  filled  within  the  cylinder  30.  After  an 
injection  port  32  at  the  forward  end  of  the  cylinder 
30  is  mounted  to  an  injection  location,  the  piston 

25  body  31  is  heated  to  temperature  equal  to  or 
higher  than  the  transformation  temperature.  By  do- 
ing  so,  as  illustrated  in  Fig.  4,  the  piston  body  31 
tends  to  be  returned  and  extended  to  a  condition 
which  is  memorized  by  the  piston  body  30,  where- 

30  by  the  resin  2  is  pushed  out  and  injected  into  the 
cracks.  In  this  injection  appliance,  since  the  quan- 
tity  of  deformation  of  the  piston  body  31  is  small, 
the  quantity  of  injection  is  small.  However,  high 
injection  pressure  can  be  produced. 

35  Next,  the  injection  appliance  b  illustrated  in 
Figs.  5  and  6  is  arranged  such  that  a  container  40 
in  the  form  of  a  toothpaste  tube  is  made  of  a 
shape-memory  alloy,  and  is  brought  to  a  driving 
source  in  which,  when  the  container  40  per  se  is 

40  heated  to  temperature  equal  to  or  higher  than  the 
transformation  temperature,  the  container  40  is  re- 
turned  to  a  condition  in  which  the  container  40  is 
spirally  wound.  After  the  container  40  has  been 
cooled  and  extended  and  the  resin  2  has  filled  in 

45  the  container  40,  the  forward  end  of  the  container 
40  is  mounted  to  the  injection  location.  Subse- 
quently,  the  container  40  is  heated,  whereby  the 
container  40  is  deformed  into  the  memorized  spiral 
configuration  illustrated  in  Fig.  6,  so  that  the  resin  2 

50  is  squeezed  out. 
Further,  the  injection  appliance  c  illustrated  in 

Figs.  7  and  8  is  constructed  such  that  a  coil  spring 
(driving  source)  51  made  of  a  shape-memory  alloy 
in  which,  when  the  coil  spring  51  is  heated,  the  coil 

55  spring  51  is  lengthened  and  is  returned  to  its 
memorized  condition,  is  arranged  within  a  cylinder 
50  in  the  form  a  syringe.  The  arrangement  is  such 
that,  after  the  coil  spring  51  has  been  cooled  and 

6 
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contracted,  the  resin  2  is  filled  in  the  cylinder  50  as 
illustrated  in  Fig.  7,  and  when  the  coil  spring  51  is 
heated,  the  coil  spring  51  is  extended  as  shown  in 
Fig.  8  to  push  a  piston  52  forwardly.  In  this  connec- 
tion,  the  reference  numeral  53  denotes  an  injection 
port  provided  at  the  front  end  of  the  cylinder  50, 
and  the  reference  numeral  54  denotes  a  back  end 
cap. 

In  addition  to  the  injection  appliances,  injection 
appliances  having  various  constructions  can  be 
considered.  However,  the  injection  pressure  of 
these  appliances  which  all  utilize  the  shape  restor- 
ing  force  of  the  shape-memory  alloy  varies  in  ac- 
cordance  with  the  curve  as  shown  in  Fig.  1.  When 
the  shape-memory  alloy  is  heated  to  temperature 
equal  to  or  higher  than  the  transformation  tempera- 
ture,  the  injection  pressure  of  the  resin  2  gradually 
increases.  After  the  injection  pressure  has  reached 
the  maximum  injection  pressure,  the  shape-mem- 
ory  alloy  maintains  that  condition  as  it  is,  as  far  as 
the  shape-memory  alloy  is  not  cooled  to  tempera- 
ture  equal  to  or  lower  than  the  transformation  tem- 
perature. 

In  connection  with  the  above,  the  transforma- 
tion  temperature  of  each  of  the  driving  sources  in 
the  above-described  injection  appliances  A,  b  and 
c,  that  is,  the  piston  body  31,  the  container  40  or 
the  coil  spring  51  may  optionally  be  set.  If,  how- 
ever,  the  transformation  temperature  is  set  to  one 
equal  to  or  lower  than  the  ordinary  temperature,  the 
shape  restoring  force  can  naturally  be  produced 
only  by  natural  heating  due  to  the  atmospheric 
temperature  and  the  injection  pressure  is  main- 
tained  so  long  as  cooling  is  not  forced. 

Operational  procedure  in  the  case  where  the 
injection  appliance  c  illustrated  in  Figs.  7  and  8  is 
used  to  inject  the  resin  into  cracks  occurring  in 
concrete  to  repair  the  cracks  will  be  described  with 
reference  to  Figs.  9  and  10.  In  this  case,  the 
transformation  temperature  of  the  coil  spring  51  is 
set  lower  than  the  ambient  temperature.  In  this 
connection,  1  through  9  in  the  following  description 
correspond  respectively  to  the  marks  1  through  9 
in  the  flow  chart  illustrated  in  Fig.  9. 

1.  First,  as  shown  in  Fig.  10(a),  a  cement  water- 
damming  agent  and  a  seal  material  60  of  epoxy 
resin  are  used  to  seal  surfaces  of  cracks.  This  is 
to  prevent  the  injected  resin  from  leaking  out. 
2.  A  drill  is  used  from  a  location  above  the 
sealed  cracks,  to  form  a  bore  61  whose  diam- 
eter  is  of  the  order  of  10  mm  and  whose  depth 
is  of  the  order  of  35  mm,  for  example,  as 
illustrated  in  Fig.  10(b).  A  plurality  of  bores  61, 
...  may  be  formed  in  line.  In  this  case,  it  is 
preferable  that  intervals  of  these  bores  are  made 
to  be  20  mm  through  25  mm,  for  example. 
3.  An  injection  washer  62  is  screwed  into  the 
bore  61  drilled  as  described  above,  by  the  use 

of  a  screwdriver,  and  is  mounted  flush  to  a  wall 
surface.  It  is  further  preferable  that  an  adhesive 
agent  is  applied  to  the  screw  portion  to  screw 
the  same  into  the  wall  surface. 

5  4.  The  requisite  quantity  of  resin  2  is  filled  into 
the  cylinder  50  of  the  injection  appliance  c-  As 
shown  in  Fig.  10(c),  the  injection  port  53  at  the 
forward  end  of  the  cylinder  50  is  screwed  into 
the  injection  washer  62  and  is  mounted  thereto. 

io  5.  The  back  end  cap  54  of  the  cylinder  50  is 
removed.  The  coil  spring  51  made  of  the  shape- 
memory  alloy,  which  is  beforehand  cooled  and 
contracted,  is  mounted  to  a  portion  within  the 
cylinder  50  which  is  located  in  rear  of  the  piston 

is  52,  as  illustrated  in  Fig.  10(d),  and  the  back  end 
cap  54  is  mounted  to  the  cylinder  50  and  is 
screwed  therein.  By  doing  so,  when  the  coil 
spring  51  is  heated  naturally  and  its  temperature 
rises  higher  than  the  transformation  temperature, 

20  the  coil  spring  51  tends  to  be  returned  to  the 
memorized  configuration,  and  is  gradually  ex- 
tended  or  lengthened.  By  doing  so,  the  piston 
52  is  pushed  forwardly  so  that  the  resin  2  is 
injected  into  the  cracks. 

25  6.  After  the  resin  2  within  the  cylinder  50  has 
been  injected  into  the  cracks,  the  cylinder  50  is 
left  as  it  is  for  a  predetermined  period  of  time. 
By  doing  so,  the  injection  pressure  of  the  coil 
spring  51  is  maintained  so  that  the  resin  2 

30  reaches  locations  deep  in  the  cracks.  Subse- 
quently,  the  cylinder  50  is  removed  or  detached 
from  the  injection  washer  62. 
7.  A  suitable  check  valve  is  screwed  into  the 
injection  washer  62  to  prevent  the  resin  2  from 

35  flowing  out  of  the  cracks. 
8.  A  repairing  agent  is  immediately  applied  to 
the  cracks  from  a  location  above  the  injection 
washer  62  and  is  filled  up  in  the  neighborhood 
of  the  injection  washer  62. 

40  9.  A  surface  of  the  concrete  is  finished. 
On  the  basis  of  the  above,  one  operation 

cycle  has  been  completed.  Subsequently: 
10  The  extended  coil  spring  51  is  removed  out 
of  the  interior  of  the  cylinder  50. 

45  11.  The  coil  spring  51  is  cooled  to  temperature 
equal  to  or  lower  than  the  transformation  tem- 
perature  by  a  suitable  cooling  machine. 
12.  Subsequently,  the  coil  spring  51  is  again 
contracted. 

50  The  contacted  coil  spring  51  is  again  mounted 
within  the  cylinder  50  (step  of  the  above  5).  Here- 
after,  the  above  procedure  is  repeated  over  the 
entire  length  of  the  cracks. 

In  connection  with  the  above,  in  the  case  where 
55  sufficient  injection  pressure  cannot  be  produced  in 

the  step  of  5,  the  coil  spring  51  is  removed  from 
the  cylinder  50  (step  10).  After  the  above-described 
steps  11  and  12  are  completed,  the  coil  spring  51 
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is  again  mounted  within  the  cylinder  50  and  the 
injection  should  be  repeated. 

According  to  the  above-described  method, 
after  the  coil  spring  51  has  been  mounted  to  the 
location  within  the  cylinder  50,  the  coil  spring  51  is 
naturally  heated  and  is  extended  per  se  so  that  the 
resin  2  is  pushed  out.  Accordingly,  an  operation 
relying  upon  man  power  is  entirely  unnecessary  or 
is  entirely  dispensed  with.  Thus,  it  is  of  course  that 
an  attempt  can  be  made  to  save  energy,  and  the 
injection  pressure  rises  per  se  with  lapse  of  time. 
Further,  the  injection  pressure  due  to  the  coil 
spring  51  is  maintained  for  a  long  period  of  time. 
Accordingly,  it  is  possible  to  practice  ideal  injection 
which  is  in  accord  with  the  injection  theory,  making 
it  possible  to  completely  and  reliably  inject  the 
resin  2  into  the  cracks  up  to  deep  locations. 

In  connection  with  the  above,  the  arrangement 
is  such  that  the  transformation  temperature  of  the 
coil  spring  51  is  brought  to  one  lower  than  the 
ordinary  temperature,  and  the  coil  spring  51  is 
returned  to  its  memorized  condition  and  is  ex- 
tended  when  the  coil  spring  51  is  heated  naturally 
within  the  environment.  However,  the  arrangement 
may  be  such  that  the  transformation  temperature  is 
set  to  one  above  the  ordinary  temperature,  and  a 
suitable  heating  source  is  used  to  forcibly  heat  the 
coil  spring  51.  In  that  case,  it  is  possible  to  freely 
control  the  injection  pressure  by  adjustment  of  the 
heating  temperature.  In  this  case,  if  the  forcible 
heating  is  interrupted  to  naturally  cool  the  coil 
spring  51  to  room  temperature,  it  is  possible  to 
easily  contract  the  coil  spring  51.  Accordingly,  a 
cooling  machine  is  dispensed  with. 

Next,  an  example  of  another  repairing  method, 
which  employs  the  above-described  appliance  c. 
will  be  described  with  reference  to  Fig.  11.  The 
method  is  arranged  such  that  resin  is  injected  into 
cracks  while  air  and  water  content  existing  within 
the  cracks  are  eliminated.  The  method  is  one  suit- 
able  in  employment  in  the  case  where  a  plenty  of 
air  and  water  content  exist  within  the  cracks  and 
have  no  refuge  so  that  sufficient  resin  cannot  be 
injected  into  the  cracks,  if  remaining  intact. 

In  this  case,  the  cracks  are  first  sealed  gas 
-tightly,  similarly  to  the  above-described  method. 
At  least  two  bores  70  and  71  are  formed  at  pre- 
determined  intervals  therebetween.  As  shown  in 
Fig.  11(a),  a  cylinder  50a  having  filled  therein  the 
resin  2  similarly  to  the  above  is  mounted  to  one 
bore  70  of  the  adjacent  two  bores  70  and  71.  An 
empty  cylinder  50b  is  mounted  to  the  other  bore 
71.  As  shown  in  Fig.  11(b),  another  cylinder  50c  is 
connected,  in  a  reverse  manner,  to  the  back  end 
portion  of  the  empty  cylinder  50b.  Coil  springs  51a 
and  51b,  which  have  been  cooled  and  contacted, 
are  mounted  within  the  one  cylinder  50a  and  the 
another  cylinder  50c  which  is  connected  to  the 

back  end  portion  of  the  another  cylinder  50b. 
By  doing  so,  both  the  coil  springs  51a  and  51b 

are  naturally  heated  and  extended.  As  a  result,  the 
resin  2  is  pushed  into  the  cracks  from  the  one 

5  cylinder  50a,  similarly  to  the  above-described  case, 
while  a  piston  52c  within  the  another  cylinder  50c 
connected  to  the  back  end  portion  of  the  another 
cylinder  50b  is  moved  backwardly  so  that  the  inte- 
rior  of  the  another  cylinder  50c  is  reduced  in  pres- 

io  sure.  Attendant  on  this,  the  piston  52b  within  the 
cylinder  50b  is  also  moved  backwardly  so  that  the 
cylinder  50b  is  reduced  in  pressure.  By  doing  so, 
air  and  water  content  existing  within  the  cracks  are 
drawn  into  the  cylinder  50b. 

is  The  resin  2  injected  from  the  one  cylinder  50a 
flows  toward  the  other  cylinder  50b  through  the 
cracks.  Ultimately,  the  resin  2  enters  the  cylinder 
50b.  Thus,  it  is  possible  to  confirm  that  the  resin  2 
is  completely  injected  into  the  cracks  between  both 

20  the  cylinders  50a  and  50b. 
Subsequently,  the  one  cylinder  50a  is  main- 

tained  as  it  is  for  a  predetermined  period  of  time, 
while  the  cylinder  50c  connected  to  the  back  end 
portion  of  the  another  cylinder  50b  is  removed 

25  therefrom.  The  water  content  flowing  into  the  inte- 
rior  is  removed.  Subsequently,  the  resin  2  is  filled 
within  the  cylinder  50b.  Another  coil  spring  51c  (not 
shown)  is  mounted  within  the  cylinder. 

An  empty  cylinder  is  mounted  to  another  bore 
30  (not  shown)  provided  adjacent  the  bore  71,  simi- 

larly  to  the  above,  and  another  empty  cylinder  is 
connected  to  the  back  end  portion  of  the  cylinder. 
Another  coil  spring,  which  has  been  contracted,  is 
mounted  within  the  cylinder.  At  this  time,  the  resin 

35  2  is  injected  into  the  cracks  from  the  cylinder  50b, 
while  air  and  water  content  are  removed  from  the 
cracks  by  these  cylinders. 

The  above-described  procedure  is  repeated, 
whereby,  in  the  case  where  a  plenty  of  air  and 

40  water  content  exist  within  the  cracks  so  that  there 
is  no  refuge,  and  in  the  case  where  the  cracks  are 
long  in  length,  it  is  possible  to  completely  inject  the 
resin  into  the  cracks  over  their  entirety.  The  injec- 
tion  pressure  of  the  resin  into  the  cracks  gradually 

45  increases  from  the  point  of  time  of  injection  start- 
up,  entirely  similarly  to  the  above-described  em- 
bodiments.  After  completion  of  the  injection,  the 
large  injection  pressure  can  be  maintained  as  it  is. 
Accordingly,  it  is  possible  to  completely  practice 

50  injection  of  the  resin  into  the  cracks. 
As  described  above  in  detail,  the  method  ac- 

cording  to  the  invention  is  arranged  such  that  the 
driving  source  made  of  the  shape-memory  alloy  is 
provided  and  the  injection  appliance  is  used  in 

55  which  the  shape  restoring  force  of  the  shape-mem- 
ory  alloy  causes  the  repairing  agent  to  be  injected 
into  the  cracks,  whereby  the  injection  pressure  of 
the  repairing  agent  into  the  cracks  gradually  in- 
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creases,  and  the  maximum  injection  pressure  is 
maintained  for  a  predetermined  period  of  time. 
Thus,  superior  advantages  like  ones  listed  below 
can  be  produced. 

1  .  It  is  possible  to  reduce  labor  intensity  of  the  5 
injection  operation. 

The  arrangement  is  such  that  the  marten- 
sitic  transformation  temperature  of  the  driving 
source  made  of  the  shape-memory  alloy  is 
brought  to  temperature  lower  than  the  ordinary  10 
temperature,  and  the  driving  source  is  cooled  to 
temperature  equal  to  or  lower  than  the  trans- 
formation  temperature  and  is  brought  to  a  freely 
deformable  condition,  so  that  the  injection  appli- 
ance  is  mounted  to  the  cracks.  The  driving  is 
source  is  heated  by  air  temperature  and  is  re- 
turned  to  the  memorized  configuration  naturally. 
Attendant  upon  this,  the  injection  pressure 
gradually  increases  per  se  ancl  reaches  the  de- 
signed  maximum  pressure.  Subsequently,  the  20 
pressure  is  maintained.  Accordingly,  input  oper- 
ations  such  as  manual  input  into  the  appliance 
as  in  the  conventional  appliance,  corrective  work 
to  tend  to  reduction  of  the  injection  pressure, 
and  so  on  are  entirely  dispensed  with,  so  that  25 
the  labor  content  of  the  injection  operation  is 
reduced. 
2.  It  is  possible  to  practice  complete  injection. 

In  the  conventional  method,  there  is  a  fear 
that,  as  injection  proceeds,  the  injection  pres-  30 
sure  is  attenuated  as  the  repairing  agent  is 
pushed  out  of  the  injection  appliance,  it  is  im- 
possible  to  retain  the  large  injection  pressure 
during  injection  final  stage,  so  that  the  repairing 
agent  is  hardened  while  voids  or  cavities  remain  35 
at  the  extremities  of  the  cracks.  In  the  invention, 
to  the  contrary,  the  pressure  is  not  at  all  re- 
duced  even  in  the  final  injection  stage,  and  the 
large  injection  pressure  can  always  be  main- 
tained.  Thus,  it  is  possible  to  practice  complete  40 
injection. 
3.  It  is  possible  to  optionally  set  the  injection 
pressure. 

In  the  various  conventional  injection  appli- 
ances,  it  is  impossible  to  easily  alter  the  injec-  45 
tion  pressure.  In  the  invention,  however,  since  it 
is  possible  to  adjust  the  mechanical  characteris- 
tics  of  the  driving  source  made  of  the  shape- 
memory  alloy,  the  injection  pressure  can  option- 
ally  be  set.  Further,  the  driving  source  can  be  so 
used  in  exchange  to  another  driving  source  hav- 
ing  different  magnitudes  of  the  shape  restoring 
force. 
4.  Evacuation  is  made  from  the  interiors  of 
cracks,  to  practice  complete  injection.  55 

In  the  case  where  air  and  water  exist  within 
the  cracks  so  that  there  is  no  refuge  therefrom, 
it  is  impossible  to  completely  inject  the  repairing 

agent  into  the  cracks  completely.  However,  re- 
pair  is  made  while  the  interiors  of  cracks  is 
being  evacuated,  whereby  it  is  possible  to  dis- 
charge  air  and  water  within  the  cracks  so  that 
the  repairing  agent  can  completely  be  injected 
to  the  extremities  of  cracks. 
5.  It  is  possible  to  improve  the  injection  oper- 
ational  efficiency. 

In  the  case  where  the  conventional  appli- 
ances  is  employed,  it  is  required  that  an  elastic 
spring  is  shortened  or  rubber  is  lengthened  by 
man  power.  In  the  invention,  to  the  contrary, 
only  temperature  is  controlled  to  enable  the 
shape  restoring  force  of  the  driving  source  to  be 
produced.  Further,  only  cooling  of  the  driving 
source  to  temperature  equal  to  or  lower  than  the 
transformation  temperature  enables  the  driving 
source  to  be  deformed  freely  and  easily.  Ac- 
cordingly,  it  is  possible  to  reduce  the  labor  of  an 
operator  and  the  energy  consumption  to  greatly 
improve  the  operational  efficiency. 
6.  Safety  is  extremely  high. 

In  the  case  where  the  conventional  appli- 
ance  is  used,  since  it  is  required  to  extend  or 
stretch  and  retract  the  elastic  spring  and  rubber 
by  man  power,  and  since  the  pneumatic  pres- 
sure  and  hydraulic  pressure  are  employed,  dan- 
ger  will  be  accompanied  with  accidental  injuries 
or  the  like.  In  the  case  of  the  invention,  to  the 
contrary,  since  the  shape  restoring  force  cannot 
be  generated  unless  the  temperature  varies,  and 
since  the  generating  condition  is  also  slow,  there 
is  totally  no  case  where  danger  is  exerted  upon 
the  operator  even  in  the  case  where  an  appli- 
ance  generating  large  injection  pressure  is  used. 
7.  Injection  under  high  pressure  can  easily  be 
done. 

Since  man  power  input  is  not  required,  and 
since  only  control  of  temperature  enables  high 
injection  pressure  to  be  produced,  the  repairing 
agent  can  be  injected  under  high  pressure  with- 
out  the  necessity  of  complicated  devices,  com- 
plex  equipment  and  skilled  manpower. 

Claims 

1.  A  method  of  repairing  cracks  wherein  a  repair- 
ing  agent  is  forcibly  injected  into  cracks  occur- 
ring  in  an  object  to  be  repaired  with  the  use  of 
a  driving  means  (31,  40,  51)  consisting  sub- 
stantially  of  a  shape-memory  alloy  for  injecting 
said  repairing  material  (2)  into  said  cracks,  said 
driving  means  being  made  operative  through 
the  shape  restoring  forces  of  said  shape-mem- 
ory  alloy,  said  method  comprising: 

(a)  a  step  of  gradually  increasing  injection 
pressure  of  said  repairing  agent  using  said 
driving  means  after  start-up  of  injection  of 
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said  repairing  agent;  and 
(b)  a  step  of  maintaining  said  injection  pres- 
sure  substantially  constant  using  said  driv- 
ing  means  for  a  predetermined  period  of 
time,  after  said  injection  pressure  has 
reached  a  predetermined  pressure. 

2.  The  method  of  repairing  cracks,  according  to 
Claim  1,  wherein  said  shape-memory  alloy, 
which  was  strained  at  a  temperature  not  more 
than  the  transformation  temperature,  is  raised 
to  temperature  above  the  transformation  tem- 
peratures,  thereby  exhibiting  said  restoring 
force. 

3.  The  method  of  repairing  cracks,  according  to 
claim  2,  wherein  said  shape-memory  alloy  is 
such  that  when  it  is  allowed  to  warm  up  in  an 
ambient  temperature  of  at  least  15.5°C,  it  per- 
mits  said  restoring  force  to  be  exhibited. 

4.  The  method  of  repairing  cracks,  according  to 
Claim  2,  wherein  said  shape-memory  alloy, 
which  was  strained  at  a  temperature  not  higher 
than  the  transformation  temperature,  is  raised 
in  temperature  by  a  heating  device,  thereby 
exhibiting  the  restoring  force. 

5.  The  method  of  repairing  cracks,  according  to 
Claim  2,  wherein  said  shape-memory  alloy  has 
the  configuration  of  a  coil  spring  (51). 

6.  The  method  of  repairing  cracks,  according  to 
Claim  2,  wherein  said  shape-memory  alloy  has 
the  configuration  of  a  container(40),  and 
wherein  said  repairing  agent  (2)  is  contained  in 
said  container. 

7.  The  method  of  repairing  cracks  according  to 
Claim  1  including  the  step  of  practising  evacu- 
ation  from  said  cracks  simultaneously  with  in- 
jection  of  said  repairing  material  (2),  thereby 
discharging  at  least  some  of  the  substances 
existing  within  the  cracks. 

Patentanspruche 

1.  Verfahren  zum  Ausbessern  von  Rissen,  bei 
welchem  ein  Ausbesserungsmittel  zwangswei- 
se  in  Risse  injiziert  wird,  die  in  einem  auszu- 
bessernden  Objekt  auftreten,  unter  Verwen- 
dung  einer  Antriebsvorrichtung  (31,  40,  51),  die 
im  wesentlichen  aus  einer  Formgedachtnis-Le- 
gierung  besteht,  urn  das  besagte  Ausbesse- 
rungsmaterial  (2)  in  die  besagten  Risse  zu 
injizieren,  wobei  die  besagte  Antriebsvorrich- 
tung  durch  die  Formruckstellkrafte  der  besag- 
ten  Formgedachtnis-Legierung  funktionsfahig 

gemacht  wird,  wobei  das  besagte  Verfahren 
umfaBt: 

(a)  einen  Schritt,  bei  dem  der  Injektions- 
druck  des  besagten  Ausbesserungsmittels 

5  unter  Verwendung  der  besagten  Antriebs- 
vorrichtung  nach  einem  Beginn  der  Injektion 
des  besagten  Ausbesserungsmittels  allmah- 
lich  gesteigert  wird;  und 
(b)  einen  Schritt,  bei  dem  der  besagte  Injek- 

io  tionsdruck  unter  Verwendung  der  besagten 
Antriebsvorrichtung  uber  einen  vorbestimm- 
ten  Zeitraum  im  wesentlichen  konstant  ge- 
halten  wird,  nachdem  der  besagte  Injek- 
tionsdruck  einen  vorbestimmten  Druck  er- 

15  reicht  hat. 

2.  Verfahren  zum  Ausbessern  von  Rissen  nach 
Anspruch  1,  dadurch  gekennzeichnet,  dal3  die 
besagte  Formgedachtnis-Legierung,  deren 

20  Form  bei  einer  Temperatur  nicht  uber  der  Urn- 
wandlungstemperatur  verandert  wurde,  auf 
eine  Temperatur  oberhalb  der  Umwandlungs- 
temperaturen  angehoben  wird,  wodurch  sie  die 
besagte  Ruckstellkraft  erzeugt. 

25 
3.  Verfahren  zum  Ausbessern  von  Rissen  nach 

Anspruch  2,  dadurch  gekennzeichnet,  dal3  die 
besagte  FormgedachtnisLegierung  derart  ist, 
dal3  sie  es  ermoglicht,  dal3  die  besagte  Ruck- 

30  stellkraft  erzeugt  wird,  wenn  man  es  ihr  gestat- 
tet,  sich  in  einer  Umgebungstemperatur  von 
mindestens  15,5°C  zu  erwarmen. 

4.  Verfahren  zum  Ausbessern  von  Rissen  nach 
35  Anspruch  2,  dadurch  gekennzeichnet,  dal3  eine 

Temperatur  der  besagten  Formgedachtnis-Le- 
gierung,  deren  Form  bei  einer  Temperatur 
nicht  uber  der  Umwandlungstemperatur  veran- 
dert  wurde,  mittels  eines  Heizgerats  angeho- 

40  ben  wird,  wodurch  die  Ruckstellkraft  erzeugt 
wird. 

5.  Verfahren  zum  Ausbessern  von  Rissen  nach 
Anspruch  2,  dadurch  gekennzeichnet,  dal3  die 

45  besagte  Formgedachtnis-Legierung  die  Gestalt 
einer  Schraubenfeder  (51)  aufweist. 

6.  Verfahren  zum  Ausbessern  von  Rissen  nach 
Anspruch  2,  dadurch  gekennzeichnet,  dal3  die 

50  besagte  Formgedachtnis-Legierung  die  Gestalt 
eines  Behalters  (40)  aufweist,  und  dal3  das 
besagte  Ausbesserungsmittel  (2)  in  den  besag- 
ten  Behalter  enthalten  ist. 

55  7.  Verfahren  zum  Ausbessern  von  Rissen  nach 
Anspruch  1,  dadurch  gekennzeichnet,  dal3  es 
den  Schritt  einer  Durchfuhrung  einer  Evakuie- 
rung  der  besagten  Risse  gleichzeitig  mit  einer 
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Injektion  des  besagten  Ausbesserungsmateri- 
als  (2)  einschlieBt,  wodurch  mindestens  einige 
der  innerhalb  der  Risse  vorhandenen  Substan- 
zen  abgefuhrt  werden. 

5 
Revendicatlons 

1.  Procede  pour  reparer  des  fissures  dans  lequel 
un  agent  de  reparation  est  injecte  de  force 
dans  les  fissures  se  produisant  dans  un  objet  a  10 
reparer  avec  I'utilisation  d'un  moyen  d'entraT- 
nement  (31,  40,  51)  constitue  sensiblement 
d'un  alliage  a  memoire  de  forme  pour  injecter 
ledit  materiau  de  reparation  (2)  dans  lesdites 
fissures,  ledit  moyen  d'entraTnement  etant  ren-  is 
du  operationnel  grace  aux  forces  de  restitution 
de  forme  dudit  alliage  a  memoire  de  forme, 
ledit  procede  comportant  : 

(a)  une  etape  consistant  a  augmenter  pro- 
gressivement  la  pression  d'injection  dudit  20 
agent  de  reparation  en  utilisant  ledit  moyen 
d'entraTnement  apres  le  commencement  de 
I'injection  dudit  agent  de  reparation;  et 
(b)  une  etape  consistant  a  maintenir  sensi- 
blement  constante  ladite  pression  d'injection  25 
en  utilisant  ledit  moyen  d'entraTnement  pen- 
dant  une  periode  de  temps  predeterminee, 
apres  que  ladite  pression  d'injection  ait  at- 
teint  une  pression  predeterminee. 

30 
2.  Procede  pour  reparer  des  fissures,  selon  la 

revendication  1  ,  dans  lequel  ledit  alliage  a  me- 
moire  de  forme,  qui  a  ete  soumis  a  une 
contrainte  a  une  temperature  non  superieure  a 
la  temperature  de  transformation,  est  eleve  a  35 
une  temperature  superieure  a  la  temperature 
de  transformation,  d'ou  la  manifestation  de  la- 
dite  force  de  restitution. 

3.  Procede  pour  reparer  des  fissures,  selon  la  40 
revendication  2,  dans  lequel  ledit  alliage  a  me- 
moire  de  forme  est  tel  que,  lorsqu'on  le  laisse 
s'echauffer  dans  une  temperature  ambiante 
d'au  moins  15,5°C,  il  permet  a  ladite  force  de 
restitution  de  se  manifester.  45 

4.  Procede  pour  reparer  des  fissures  selon  la 
revendication  2,  dans  lequel  ledit  alliage  a  me- 
moire  de  forme,  qui  a  ete  soumis  a  une 
contrainte  a  une  temperature  non  superieure  a  so 
la  temperature  de  transformation,  est  porte  a 
une  temperature  plus  elevee  par  un  dispositif 
de  chauffage,  d'ou  la  manifestation  de  la  force 
de  restitution. 

55 
5.  Procede  pour  reparer  des  fissures,  selon  la 

revendication  2,  dans  lequel  ledit  alliage  a  me- 
moire  de  forme  a  la  configuration  d'un  ressort 

a  boudin  (51). 

6.  Procede  pour  reparer  des  fissures,  selon  la 
revendication  2,  dans  lequel  ledit  alliage  a  me- 
moire  de  forme  a  la  configuration  d'un  conte- 
neur  (40),  et  dans  lequel  ledit  agent  de  repara- 
tion  (2)  est  renferme  dans  ledit  conteneur. 

7.  Procede  pour  reparer  des  fissures  selon  la 
revendication  1,  comprenant  I'etape  consistant 
a  proceder  au  vidage  desdites  fissures  simul- 
tanement  a  I'injection  dudit  materiau  de  repa- 
ration  (2),  d'ou  la  decharge  d'au  moins  une 
partie  des  substances  se  trouvant  a  I'interieur 
des  fissures. 
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