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5. Rock Excavation by High Pressure Water Jets

Hideyuki SHOJI*
Tadao NAKAJIMA**

Synopsis

This paper investigates cutting performance of high pressure water jets in air at pressures up
to 4000 kgf/cm? and at flow rates up to 24//min. Most of free standing 0.15 cubic meter rocks
were split into two pieces by stationary water jets. Then several rocks were fixed in 0.7x0.5x
0.3m concrete blocks. However, complete destruction of specimens including concrete blocks was
brought. Cracks propagated through concrete blocks. No differences was found in fracture be-
tween free standing rocks and specimens fixed in concrete blocks. Experiments on destruction of
0.3 cubic meter granite were conducted. Inada granite and Shodoshima granite were employed.
They were broken to two pieces from eight seconds to fifty five seconds in case of free standing
condition. These experiments lead to the conclusion that high pressure water jets can break free
standing rocks with above mentioned dimensions into several pieces in very short time.

In order to investigate depth of cut under various conditions, experiments were carried out
on stressed 0.3 cubic meter granite specimens. Four C clamps gave stress to specimens to simu-
late excavation work at infinite rock beds. Water jets through a stationary nozzle drilled holes
or creaters in specimens. To obtain an empirical relationship between depth of cut and controling
parameters, experiments were done on Inada granite. The following equation is obtained through

experiments.
_1l(po ) z<_D°>°"(_°° *5 0.7
L= 5 ( p 0.5)D} 7 V,,) N (mm),

where po, oc, Do, H, Vo, Va, N are jet pressure (kgf/cm?), compressive strength (kgf/cm?), nozzle
diameter (mm), standoff distance (mm), average jet velocity (m/s), feed rate (mm/s) and the num-
ber of cut, respectively. It is seen that depth of cut is proportional to mometum of jets.

Optimum condition for a given jets energy was calculated on the basis of the empirical equa-
tion. For the optimum depth of cut jet pressure is 1.5 times the compressive strength of a target
material.

* Senior Research Engineer, Machinery Division
** Member of Dredger and Construction Equipment Laboratory, Machinery Division
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