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y  Morasive  Bmrainea  nign  pressure  nuia  jet  apparatus  and  method  of  use. 
j)  For  breaking  and  cutting  a  material  having  greater 
ompressive  than  tensile  strength,  such  as  concrete,  high 
ressure  water  from  a  hose  (14)  passes  through  a  shaft  (12)  to 
nozzle  (16)  where  it  entrains  abrasive  granules  from  a  hose 
>6)  also  connected  to  the  nozzle  (16).  The  upper  end  of  the 
laft  (12)  has  a  shoulder  support  for  pressure  downwards,  and 
le  lower  end  has  a  support  frame  (24)  with  a  support  wheel 
14)  which  runs  over  the  surface  of  the  material  to  be  broken 
id  cut.  A  spring  (42)  biases  the  shaft  (12)  and  nozzle  (16) smbination  upwardly  from  the  support  frame  (24)  to  which  a iroud  (22)  surrounding  the  nozzle  is  attached.  A  pilot  hole  (84) cut  first,  then  the  tip  (82)  of  the  nozzle  (16)  is  pressed 
salingly  against  the  mouth  (84)  of  the  hole  (82)  so  that  fluid 
■essure  built  up  in  the  hole  (82)  fractures  the  surrounding aterial. 
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Description 

ABRASIVE  ENTRAINED  HIGH  PRESSURE  FLUID  JET  APPARATUS  AND  METHOD  OF  USE 

BACKGROUND  OF  THE  INVENTION 
5 

FIELD  OF  THE  INVENTION 
This  invention  relates  in  general  to  an  apparatus 

and  method  for  cutting  and  breaking  rock,  concrete 
and  other  high  strength  materials,  and  in  particular 
to  an  abrasive  entrained  high  pressure  fluid  jet  10 
cutting  apparatus  for  cutting  and  breaking  rock, 
concrete  and  other  high  strength  materials  having  a 
greater  compressive  strength  than  tensile  strength. 

Description  of  the  Prior  Art:  15 
In  mining  and  demolition,  it  is  necessary  to 

fracture  hard  materials  including  coals,  ores,  rocks 
and  concrete.  Further,  in  repairing  roads  and 
bridges,  deteriorated  concrete  must  be  removed 
prior  to  laying  a  fresh  layer  of  concrete.  Many  utility  20 
systems  in  urban  areas  are  installed  beneath  steet 
pavements  and  require  frequent  breaking  of  the 
pavement  for  purpose  of  installation  and  repair. 

Currently,  materials  such  as  rock,  ore,  coal, 
concrete  and  asphalt,  are  commonly  fractured  with  25 
mechanical  tools  which  cause  fractures  by  overcom- 
ing  the  compressive  strength,  impact  resistance,  or 
shear  strength  of  the  materials  involved.  For 
example,  asphalt  and  concrete  pavements  are 
usually  fractured  today  by  pneumatic,  hydraulic  or  30 
drop  weight  hammers.  Rotary  cutters  are  widely 
used  to  shear  off  coal.  Pneumatic  or  hydraulic 
impactors  are  used  to  break  up  rock  and  ores. 
Rotary  or  percussive  drills  are  used  today  for  drilling 
holes  in  rock.  35 

Since  these  conventional  tools  all  function  on 
impacting  or  shearing  the  materials  with  a  mechan- 
ical  cutter,  impactor,  or  moil,  they  have  some 
common  problems.  These  problems  included  wear 
and  tear  of  the  tool,  generation  of  dust,  generation  of  40 
noise  and  shock,  and  lack  of  efficiency.  Conse- 
quently,  efforts  have  been  directed  toward  the 
development  of  improved  techniques  and  equip- 
ment  for  breaking  hard  and  brittle  minerals. 

High  pressure  waterjets,  pulsed  or  continuous,  45 
have  found  use  in  cutting,  slitting,  and  breaking 
porous  and/or  brittle  materials  such  as  rock  and 
concrete.  The  waterjet  processes  have  many  ad- 
vantages  over  existing  mechanical  techniques  in  the 
areas  of  efficiency,  noise  generation,  dust  gener-  50 
ation,  tool  wear,  vibration  and  shocks.  Pulsed 
waterjets  can  be  particularly  effective  in  fracturing 
rock,  ores,  concrete  and  other  brittle  materials,  by 
overcoming  the  tensile  strength  of  the  materials 
instead  of  the  compressive  strength  dealt  with  by  55 
the  conventional  mechanical  techniques.  Since  the 
tensile  strength  of  the  cited  materials  is  considerably 
lower  than  their  respective  compressive  strength, 
the  energy  required  to  fracture  these  materials  with 
waterjets  is  therefore,  comparatively  lower.  60 

An  apparatus  and  process  based  on  the  pressure 
extrusion  technique  for  producing  high  velocity 
waterjet  pulses  for  fracturing  rocks  and  concrete  is 

in  U.S.  Patent  No.  4,074.858.  Suitable  thrust-gener- 
ators  for  use  with  the  high  pressure  waterjet 
apparatus  as  disclosed  in  U.S.  Patent  No.  4,074,858 
have  been  described  in  the  U.S.  Patent 
Nos.  3,999,384  and  4,052,850.  A  more  advanced  high 
pressure  pulsed  waterjet  generator  is  described  in 
the  U.S.  Patent  No.  4,190,202.  These  patents 
indicate  that  concrete  and  rocks  can  be  readily 
fractured  if  the  waterjet  can  drill  a  deep  hole  in  such 
materials  and  have  sufficient  fluid  energy  left  to  build 
up  pressure  inside  the  hole.  The  depth  of  hole  drilled 
by  the  fluid  must  be  sufficiently  deep  if  a  large 
amount  of  material  is  to  be  fractured  with  one  pulse. 
To  drill  such  a  deep  hole  in  hard  rock  and  concrete 
requires  a  substantial  amount  of  fluid  energy.  As  a 
result,  the  pulsed  jet  generator  must  be  so  large  that 
its  use  in  the  field,  particularly  in  urban  areas, 
becomes  troublesome  and  impractical.  A  size 
reduction  of  pulsed  waterjet  devices  without  sacri- 
ficing  capabilities  has  not  been  successful  to  date. 
The  difficulty  in  devising  a  compact  pulsed  waterjet 
device  for  breaking  concrete  or  rock  is  related  to  the 
fluid  power  required  to  drill  a  hole  of  sufficient  depth; 
relatively  little  power  is  required  to  generate  hoop 
stresses  inside  the  hole  once  it  is  made.  Drilling 
holes  in  hard  concrete  and  rock  with  fluid  jets  is  not 
an  easy  task.  It  has  been  known  that  a  certain 
amount  of  fluid  energy,  which  is  translated  in 
waterjet  terms  as  pressure  and  flow  rate,  is  required 
to  remove  a  given  amount  of  concrete  or  rock.  This 
energy  requirement  is  also  called  the  specific  energy 
for  material  removal.  The  harder  the  concrete  or 
rock,  the  greater  the  fluid  energy  that  is  required.  To 
drill  a  small  hole  of  useful  depth  in  concrete,  such 
as  6  to  8  inches,  is  known  to  require  a  high  level  of 
fluid  energy  that  a  compact  pulsed  waterjet  gener- 
ator  simply  cannot  provide.  In  fact,  the  requirement 
of  high  specific  energy  is  the  basic  reason  why 
high-pressure  waterjets  have  not  found  practical 
applications  in  cutting,  slotting  or  drilling  hard 
concrete  and  rocks.  The  ability  of  high-pressure 
waterjets  in  removing  hard  materials  can  be  drasti- 
cally  improved  if  abrasives  could  be  incorporated 
into  the  waterjets.  However,  this  is  difficult  to 
implement  without  sacrificing  the  waterjet's  quality 
as  coherence  of  waterjets  and  abrasive  entrainment 
are  conflicting  issues.  Thus,  this  known  idea  of 
adding  abrasives  into  waterjets  has  had  limited 
success  as  a  useful  process;  existing  pro-  cesses 
are  useful  for  cleaning  metals  but  cannot  cut  hard 
materials.  Accordingly,  it  would  be  desirable  to  have 
a  means  and  method  for  breaking  and  cutting  rock, 
concrete  and  other  high  strength  materials  by  the 
use  of  abrasive  entrained  high  pressure  fluid  jet 
apparatus  for  overcoming  the  tensile  strength  of 
said  materials  rather  than  their  compressive 
strength. 

Summary  of  the  Invention: 
Briefly  the  present  invention  is  an  abrasive 

entrained  high  pressure  fluid  jet  apparatus  having  a 
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abrasive  entrained  high  pressure  fluid  jet  apparatus 
at  a  perdetermined  distance  away  from  material  to 
be  cut  or  broken  and  a  receiving  means  for  receiving 
an  operator  executed  larger  second  bias  in  the 
opposite  direction.  The  method  of  the  invention 
includes  cutting  a  pilot  hole  within  rock,  concrete,  or 
other  material  to  a  predetermined  depth  less  than 
the  depth  of  said  material,  shutting  off  the  source  of 
abrasive  granules  to  the  high  pressure  fluid  jet 
apparatus  and  building  up  pressure  within  said  pilot 
hole  in  excess  of  the  tensile  strength  of  the  material. 

Description  of  the  Drawings: 
The  invention  may  be  better  understood  and 

further  advantages  and  uses  thereof  more  readily 
apparent  by  means  of  the  following  detailed  descrip- 
tion  of  exemplary  embodiments,  taken  in  connection 
with  the  following  drawings,  in  which: 

Figure  1  is  a  side  elevational  view  of  a  hand 
held  abrasive  entrained  fluid  jet  hammer  ap- 
paratus,  constructed  according  to  the  teach- 
ings  of  the  invention,  illustrating  the  support 
means  and  first  smaller  biasing  means  for 
biasing  the  high  pressure  conduit  and  nozzle 
combination  in  a  first  predetermined  direction 
and  the  receiving  means  for  the  application  of  a 
second  larger  bias  in  the  opposite  direction; 

Figure  2  is  a  front  elevational  view  of  the  hand 
held  abrasive  entrained  high  pressure  fluid  jet 
hammer  apparatus  of  Figure  1  ; 

Figure  3  is  a  schematic  view  illustrating  the 
major  components  of  an  abrasive  entrained 
high  pressure  fluid  jet  hammer  apparatus 
including  the  high  pressure  fluid  pumping 
station  and  an  abrasive  granular  feed  station; 

Figure  4  is  a  cross-sectional  view  of  typical 
concrete  material  illustrating  a  method  for 
breaking  high  strength  material  according  to 
the  teachings  of  the  invention;  and 

Figure  5  is  a  top  view  of  the  concrete  material 
of  Figure  4  illustrating  the  placement  of  pilot 
holes  according  to  the  method  of  the  invention 
for  breaking  high  strength  materials. 

Description  of  the  preferred  embodiments 
Referring  now  to  the  drawings  and  to  Figure  1  ,  in 

jarticular  there  is  shown  a  side  elevational  view  of  a 
land  held  abrasive  entrained  high  pressure  fluid 
rammer  apparatus  for  applying  an  abrasive  waterjet 
o  cut  or  break  rock  and  concrete.  Abrasive 
sntrained  high  pressure  fluid  jet  hammer  apparatus 
0  includes  rigid  cylindrical  conduit  12  for  passing 
>ressurized  water  from  an  external  source  (not 
ihown)  through  a  flexible  hose  14  to  nozzle  16. 
Jozzle  16  is  described  in  detail  in  concurrently  filed 
lur  European  patent  application  No  (Rep- 
esentatives  reference  no.  28181)  entitled  "Abrasive 
intrained  High  Pressure  Fluid  Jet  Nozzle"  and  filed 
>n  the  same  day  as  the  present  application. 

Nozzle  16  is  a  novel  high  pressure  fluid  jet  nozzle 
aving  a  means  for  generating  a  predetermined 
attern  of  high  pressure  fluid  streams  to  entrain 
brasive  granules  within  the  interior  of  the  predeter- 
lined  pattern  of  high  pressure  fluid  streams  to 

prevent  wear  or  the  exit  orifice  of  the  nozzle.  Nozzle 
16  further  includes  a  valve  means  for  preventing 
wetting  and  caking  of  the  abrasive  granules  in  the 
vicinity  of  the  predetermined  pattern  of  high  press- 

5  ure  fluid  streams. 
Referring  now  to  Figures  1  and  2,  abrasive 

entrained  high  pressure  fluid  jet  hammer  apparatus 
10  further  includes  a  hand  operated  high  pressure 
fluid  supply  valve  18  to  control  the  flow  of  high 

10  pressure  fluid,  a  nozzle  shroud  22  enveloping  nozzle 
16.  support  frame  24  in  rigid  communication  with 
shroud  22,  and  support  means  26  in  rigid  communi- 
cation  with  support  frame  24,  which  may  be,  for 
example  as  shown  in  the  preferred  embodiment, 

15  axle  32  and  support  wheel  34.  Abrasive  entrained 
high  pressure  fluid  jet  hammer  apparatus  10  further 
includes  first  smaller  biasing  means  42,  which  may be  for  example  the  helical  spring  shown  in  the 
preferred  embodiment,  disposed  between  cylindri- 

?0  cat  conduit  and  nozzle  combination  52  and  support 
frame  24  for  biasing  cylindrical  conduit/nozzle 
combination  52  in  the  upward  direction  and  receiving 
means  62  which  may  be  for  example  the  shoulder 
support  shown  in  the  preferred  embodiment  for 

?5  receiving  a  second  larger  bias  such  as  for  example 
the  weight  of  an  operator  in  the  downward  direction 
so  as  to  overcome  first  biasing  means  42.  High 
pressure  fluid  jet  hammer  apparatus  10  further 
includes  handle  bar  64  adjustably  mounted  around 

?0  the  middle  of  cylindrical  conduit  12,  abrasive  hose  66 
for  transporting  abrasive  granules  from  an  external 
reservoir  (not  shown)  to  nozzle  16  and  hand  lever  68 
and  cable  72  for  operating  the  abrasive  granule  valve 
means  of  nozzle  16  as  described  in  the  above 

15  referenced  European  patent  application. 
Figure  1  illustrates  the  position  of  high  pressure 

fluid  jet  hammer  apparatus  10  at  a  predetermined 
angle  from  the  vertical  position  (approximately  30 
degrees)  for  applying  an  abrasive  entrained  waterjet 

'0  to  cut  concrete,  rock  or  other  high  strength  material 
such  as  the  concrete  material  78  shown.  Figure  2 
illustrates  high  pressure  fluid  jet  hammer  apparatus 
10  in  the  vertical  position  having  a  large  biasing 
means  such  as  the  operator's  weight  overcoming 

5  biasing  means  42  to  position  nozzle  16  and  nozzle 
tip  82  vertically  against  the  entrance  to  a  cut  pilot 
hole  84  within  the  concrete  material  78  for  applying 
the  breaking  mode  of  the  novel  method  for  breaking 
concrete  according  to  the  teachings  of  the  inven- 

0  tion.  High  pressure  fluid  jet  hammer  apparatus  10  is 
pushed  to  overcome  first  biasing  means  42  and 
shroud  22  is  buffeted  against  the  concrete  material 
78.  The  tip  82  of  nozzle  16  is  compressed  against  the 
entrance  84  of  pilot  hole  82  by  the  bias  force  of  the 

5  operator's  weight,  thus  hindering  the  escape  of  fluid 
trapped  inside  the  hole  and  enhancing  the  buildup  of 
fluid  pressure  inside  the  hole  to  cause  fracturing  of 
the  surrounding  high  strength  material. 

Referring  now  to  Figure  3  there  is  shown  a 
0  schematic  view  of  the  equipment  system  that  can  be 

used  with  the  abrasive  entrained  high  pressure  fluid 
jet  hammer  apparatus  of  the  invention  to  drill,  cut  or 
slot  concrete,  asphalt,  pavement,  rock  and  other 
high  strength  materials.  Equipment  system  100 

5  consists  of  a  suitable  pump  system  102  such  as  for 
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example  a  triplex  crankshift  pump  104  capable  of 
delivering  water  at  a  peak  pressure  of  up  to  20,000 
psi  in  rotating  communication  with  an  engine  or 
motor  shown  generally  at  106  which  may  be  for 
instance  a  diesel  engine  or  an  electric  motor  of 
suitable  power  rating  and  an  abrasive  feed  and 
dispensing  system  108.  Both  high  pressure  pump 
102  and  abrasive  systems  108  are  connected  to  high 
pressure  flow  jet  hammer  apparatus  10  through 
suitable  high  pressure  fluid  hose  112  and  abrasive 
hose  114,  respectively.  Feed  water,  or  other  suitable 
fluid,  is  fed  to  pump  system  102  through  filter  122  to 
remove  particulates.  After  going  through  crankshaft 
pump  104  the  pressurized  water  is  transported  to 
water  hammer  apparatus  10  via  high  pressure  hose 
112  through  by-pass  valve  124  and  pressure  regulat- 
ing  means  126,  by-pass  valve  124  having  a  return 
connection  through  by-pass  conduit  128  to  pump 
system  102.  Flexible  hoses  are  currently  available  for 
system  pressures  of  20,000  psi,  rigid  metallic  tubing 
being  required  if  the  system  pressure  is  substantially 
higher  than  20,000  psi. 

Referring  again  now  to  Figure  3,  selected  ab- 
rasives,  which  could  be  sand,  garnet,  metallic  slag  or 
other  industrial  abrasives,  are  stored  in  a  metallic 
abrasive  tank  132.  The  abrasives  are  urged  through 
abrasive  hose  114  by  means  of  the  vacuum 
generated  inside  the  nozzle  of  the  high  pressure 
hammer  apparatus  10  by  the  high  speed  fluid  jets 
(not  shown  but  described  in  detail  in  the  above-ref- 
erenced,  concurrently  filed,  co-pending  application 
No  reference  as  28181 

This  suction  power  can  be  as  high  as  20  to  30 
inches  of  mercury  and  is  powerful  enough  to  bring 
heavy  abrasives  from  a  distant  tank  to  the  nozzle 
without  the  need  for  an  external  power  supply,  For 
excessively  long  distance  or  excessively  heavy 
abrasives,  however,  an  external  supply  of  com- 
pressed  air  can  be  used.  Valve  means  134  is 
attached  to  abrasive  tank  132  to  adjust  a  desired 
flow  rate. 

For  cutting  concrete  and  asphalt  pavement,  a 
sharp  glacial  sand  and  garnet  have  been  found  to  be 
particularly  effective.  At  feed  rates  of  about  1  to  2 
lbs.  per  minute  in  water  pressures  of  20,000  psi, 
garnet  abrasives  can  cut  high  strength  concrete  to  a 
depth  greater  than  6  inches  when  the  nozzle  is 
moved  along  the  surface  of  the  pavement  at  a  speed 
of  about  6  inches  per  minute  using  the  nominal 
orifice  nozzle  of  this  invention  as  described  in  the 
above  referenced  European  patent  application.  The 
cut  or  slot  using  high  pressure  hammer  apparatus  10 
is  typically  very  clean  and  substantially  straight; 
spading  of  concrete  or  aggregate  is  rarely  en- 
countered. 

Referring  now  to  Figures  1,  2.  and  3,  during  the 
cutting  operation,  the  apparatus  is  held  by  an 
operator  with  one  hand  holding  the  water  valve 
handle  and  operating  the  water  valve  actuating  lever 
28,  while  the  other  hand  is  holding  the  handle  64  and 
operating  abrasive  valve  actuating  lever  68.  The 
shoulder  support  of  the  apparatus  is  butted  against 
the  operators  shoulder  or  upper  arm  to  thereby 
provide  the  downward  bias  discussed  earlier.  The 
abrasive  fluid  jet  nozzle  is  positioned  very  close  to 

the  surface  of  the  pavement,  the  stand  off  distance 
between  the  pavement  and  the  nozzle  is  maintained 
by  the  support  means  26  which  may  be  for  example 
support  wheel  24  and  is  adjustable.  It  is  desired  that 

5  the  water  hammer  apparatus  is  held  and  operated  at 
an  angle  of  about  70  to  80  degrees  to  the  pavement 
surface  and  is  advanced  with  the  fluid  jet  leading  the 
nozzle  as  shown  in  Figure  3.  However,  the  high 
pressure  fluid  hammer  apparatus  of  this  invention 

10  can  be  used  with  the  fluid  jet  trailing  the  nozzle  or  at 
a  vertical  position.  The  difference  in  cutting  perfor- 
mance  does  not  deviate  much  if  the  impingement 
angle  is  changed  within  a  predetermined  range  of 
+  /-30°.  The  depth  of  cut  can  be  adjusted  by 

15  changing  one  of  several  system  parameters,  includ- 
ing  system  pressure,  abrasive  type  and/or  feed  rate, 
nozzle  stand  off  distance  and  nozzle  traverse  speed. 
This  built  in  system  flexibility  is  unmatched  by  any 
conventional  material  cutting  methods. 

20  In  many  pavement  cutting  operations,  a  patch  of 
pavement  must  be  removed  to  gain  access  to  the 
soil  and  to  buried  systems  such  as  cables  and  pipes. 
In  such  operations,  the  apparatus  of  this  invention 
can  be  used  to  make  the  perimeter  cuts  that 

25  delineate  the  area  to  be  removed.  The  cuts  may  be 
through  the  entire  thickness  of  the  pavement  such 
that  the  cut  pads  could  be  lifted  with  a  suitable 
anchor  system.  Referring  now  to  Figure  4,  a  patch  of 
concrete  to  be  removed  is  outlined  by  perimeter 

30  cuts  made  with  the  abrasive  entrained  high  pressure 
fluid  jet  hammer  apparatus  of  the  invention.  To  break 
this  patch  of  concrete  with  the  fluid  hammer  of  the 
invention  involves  drilling  partial  depth  holes  by 
applying  the  abrasive  water  jet  at  a  stationary 

35  position  for  a  perscribed  amount  of  time,  such  as  10 
seconds  or  less,  and  by  shutting  off  the  abrasive 
supply  after  a  hole  of  desired  depth  has  been 
achieved.  The  cessation  of  abrasive  flow  stops  the 
drilling  operation  as  a  water  jet  alone  cannot  drill 

40  concrete  rapidly  at  water  pressures  of  20,000  psi  or 
less.  The  operator  would  then  use  the  receiving 
means  for  receiving  the  bias  of  his  weight  on  the 
high  pressure  fluid  jet  hammer  apparatus  10  to 
overcome  the  bias  of  the  smaller  first  biasing  means 

45  to  insert  the  nozzle  tip  within  the  pilot  hole  as 
discussed  earlier.  At  this  point,  high  hoop  stresses 
are  generated  in  the  concrete  around  the  hole,  thus 
causing  tensile  failures  as  the  tensile  strength  of 
concrete  is  considerably  lower  than  its  compressive 

50  strength.  When  the  holes  are  of  suitable  depth  in 
reference  to  the  thickness  of  the  slab  involved  and 
are  properly  spaced  in  relationship  to  each  other  and 
to  the  available  free  edges,  the  entire  patch  can  be 
broken  with  a  minimum  number  of  shots  as 

55  illustrated  in  Figure  5  at  numbers  201  through  205 
inclusive.  The  exact  spacing  of  these  pilot  holes  to 
each  other  and  to  the  perimeter  are  governed  by 
several  factors,  including  the  system  perimeters  and 
the  concrete  strength.  It  should  be  noted  that  the 

60  pilot  holes  must  not  be  drilled  through  the  entire 
thickness  of  the  concrete  as  pressure  cannot  be 
built  inside  the  hole  as  the  waterjet  would  simply  be 
ejected  to  the  underlying  soil  or  material.  In  many 
applications  the  perimeter  cuts  should  also  be  made 

65  to  a  partial  depth.  The  reason  is  to  avoid  water  jet 
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penetration  into  the  soil  or  underlying  material  to 
wash  away  pavement  support.  The  water  can  be 
readily  syphoned  away  with  a  suction  system  if  it  is 
kept  on  the  surface  of  the  pavement.  This  way  only 
the  water  that  was  consumed  in  the  breaking  of  the 
pavement  would  be  lost  into  the  subsoil. 

The  efficiency  of  the  breaking  operation  of  the 
process  of  this  invention  is  related  to  the  force 
applied  to  the  apparatus  to  keep  the  tip  of  the  nozzle 
on  top  of  the  hole  and  how  well  the  tip  fits  the  hole. 
This  explains  why  the  tip  of  the  nozzle  cone  should 
be  convexly  tapered  externally.  The  amount  of  taper 
and  the  outside  diameter  of  the  nozzle  cone  are 
determined  basically  by  the  configuration  of  the 
waterjet  bundle  issued  by  the  orifices.  The  signifi- 
cant  advantages  of  this  process  as  compared  to 
existing  methods  of  using  jackhammers  to  break 
concrete  are  as  follows: 
*  Much  higher  productivity  as  each  shot  can  remove 
substantially 
large  amounts  of  concrete 
*  No  shock  to  underlying  structures  or  to  the 
operator 
*  A  single  tool  for  cutting  and  breaking. 

In  conclusion,  what  has  been  disclosed  is  a  novel 
and  useful  method  for  cutting,  breaking  and  remov- 
ing  concrete,  rock,  and  other  brittle  materials.  The 
process  of  this  invention  involves  the  creation  of 
pilot  holes  with  abrasive-entrained  waterjet,  cutting 
slots  with  the  same  abrasive-entrained  waterjet,  and 
breaking  concrete  or  rock  with  straight  waterjet  by 
generating  high  loop  stresses  inside  the  pilot  holes. 
The  suitable  apparatus  for  applying  this  process 
could  be  the  handheld  device  described  herein;  it 
could  also  be  in  the  form  of  a  mounted  device. 

Claims 

1.  An  abrasive  entrained  fluid  jet  hammer 
apparatus  for  cutting  and  breaking  rock  and 
concrete,  comprising; 

a)  a  high  pressure  fluid  nozzle  in  fluid 
communication  with  and  rigidly  attached  at 
one  end  to  a  high  pressure  fluid  shaft; 

b)  a  frame  having  a  support  shroud 
circumventing  said  high  pressure  fluid 
shaft  and  high  pressure  fluid  nozzle  combi- 
nation; 

c)  a  first  biasing  means  disposed  bet- 
ween  said  support  shroud  and  said  high 
pressure  fluid  shaft  and  high  pressure  fluid 
nozzle  combination  for  biasing  said  high 
pressure  fluid  jet  nozzle  and  high  pressure 
shaft  combination  within  said  frame  shroud 
in  a  direction  away  from  the  work  piece  ; 

d)  means  for  moving  said  high  pressure 
fluid  jet  hammer  apparatus  along  the 
surface  of  said  rock  and  concrete:  and 

e)  biasing  support  in  rigid  communica- 
tion  at  a  predetermined  location  along  said 
high  pressure  fluid  shaft  for  receiving  a 
second  biasing  means  operating  in  the 
opposite  direction  of  said  first  biasing 
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means. 
2.  A  method  for  cutting  and  breaking  rock, 

concrete  and  other  high  strength  materials,  by 
means  of  an  abrasive  entrained  fluid  jet  hammer 
apparatus,  comprising; 

a)  First  cutting  a  pilot  hole  to  a  predeter- 
mined  depth  within  said  rock,  concrete  or 
other  high  strength  material,  by  means  of 
an  abrasive  entrained  high  pressure  fluid 
jet  stream  of  a  predetermined  configura- 
tion; 

b)  shutting  off  the  abrasive  granules  to 
the  high  pressure  fluid  jet  stream  while 
biasing  said  abrasive  entrained  fluid  jet 
hammer  apparatus  against  said  pilot  hole 
to  build  up  fluid  pressure  within  said  pilot 
hole  to  generate  hoop  stress  within  said 
rock,  concrete,  or  other  high  strength 
material  of  a  sufficient  magnitude  to  break 
said  rock,  concrete,  or  other  high  strength 
material. 

3.  The  method  of  claim  2  for  cutting  and 
breaking  rock,  concrete  and  other  high 
strength  materials  further  including  the  step  of 
cutting  a  slot  in  the  rock,  concrete,  and  other 
high  strength  materials  prior  to  step  b)  shutting 
off  the  abrasive  granules  to  the  high  pressure 
fluid  jet  stream  while  biasing  said  abrasive 
entrained  fluid  jet  hammer  apparatus  against 
said  pilot  hole  to  build  up  fluid  pressure  within 
said  pilot  hole  to  generate  hoop  stress  within 
said  rock,  concrete,  or  other  high  strength 
material  of  a  sufficient  magmitude  to  break  said 
rock,  concrete,  or  other  high  strength  material. 

4.  The  method  of  claim  3  wherein  the  step  of 
cutting  a  slot  in  the  rock,  concrete  or  other  high 
strength  material  includes  cutting  the  slot  to  a 
partial  depth  to  provide  a  break  point  for  the 
rock,  concrete  or  other  high  strength  material. 

5.  The  method  of  claim  3  wherein  the  step  of 
cutting  a  slot  in  the  rock,  concrete  or  other  high 
strength  material  includes  cutting  the  slot  to  a 
full  depth  through  the  rock  concrete  or  other 
high  strength  material  to  insure  a  break  point  of 
said  material. 
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