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Simulation and experiment on cutting reinforced concrete with jet
combined shield method
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(1. Department of Civil Engineering, Shanghai University, Shanghai 200444, China; 2. Shanghai Tunnel Engineering Co., Ltd., Shanghai 200238, China)
Abstract: The research of abrasive water jet combined with shield cutting tools in the cutting of reinforced concrete is carried
out because of the disadvantages of the traditional shield cutting tools in the direct cutting of reinforced concrete. The cutting
effect and mechanism of abrasive water jet on reinforced concrete and plain concrete under different moving speed are explored,
and the best moving speed of cutting reinforced concrete is determined through simulation and experiment. The results show
that the cutting mechanism of abrasive water jet is different from that of concrete. The contribution of water jet particles to steel
cutting is limited. The depth and width of concrete incision are greater than those of steel. The sensitivity of concrete to the
change of transverse velocity is less than that of steel bar. The damage width of concrete notch is enlarged but not obvious, and
the cutting residues occur in the reinforcement under high transverse velocity. The cutting depth decreases with the increase of
the traverse speed. The descending speed slows down. The transverse velocity of 10 mm/min can meet the requirements of
cutting C55 reinforced concrete. The cutting experiment of the simulation shield machine is carried out based on the previous
research results. The effect, tool damage and parameter characteristics of the abrasive water jet combined shield machine tool to
break C55 reinforced concrete are analyzed, and the results are compared with those of the shell knife direct cutting. The results
show that the abrasive water jet combined with shield cutter cutting can effectively solve the problem of steel winding caused
by the direct cutting of shield cutter, reduce the cutter damage and control the peak torque.
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Table 1 Key parameters of RHT model
NS RS
A N Pl o) Bo Di Ds
1.6 0.61 0.1 0.6805 0.0105 0.04 1

F+ 2 J-CHERIEES I
Table 2 Key parameters of J-C model!'”]

AIBTISHL
A/MPa B/MPa n C m
507 320 0.28 0.064 1.06
RS
D D> D3 Das
0.1 0.76 1.57 -0.84

* 3 MR NFESH

Table 3 Mechanical parameters of materials

Z5) FHEARE/GPa YA EE 5 /(g-em)

VRHEL 35.5 0.2 2.75

] 200 0.25 7.89
(a) BEEL (b) 4t

1 BERPKGHRIEIRE

Fig. 1 Cutting model of abrasive water jet

K H Bernoulli yE NI, K 52BRE 77 320 MPa #t
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Fig. 2 Simulation of water jet impacting concrete at low transverse

velocity
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Fig. 3 Simulation of water jet impacting concrete at high
transverse velocity
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Fig. 4 Simulation of water jet impacting steel bar at low transverse

velocity
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Fig. 5 Simulation of water jet impacting steel bar at high

transverse velocity
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Fig. 6 High pressure jet cutting machine
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Table 4 Experimental parameters
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Fig. 7 Damage patterns of incision
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Fig. 9 Cutting depths of concrete at different transverse velocities
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Fig. 10 Cutting depths of steel bar under different traverse speeds
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Fig. 11 Internal cutting shape of reinforced concrete
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Fig. 12 Cutting depths of reinforced concrete at traverse speed of

10 mm/min
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Fig. 13 Experimental platform of small shield machine
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Fig.15 Status of reinforced concrete cut by jet
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Fig. 16 Failure forms of steel bar
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