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TUNNEL EXCAVATING MACHINE AND EXCAVATING METHOD 

The entire disclosure of Japanese Patent Application No. 

2000-164107 filed on June 1, 2000 including specification, 

claims, drawings and summary is incorporated herein by 

reference in its entirety. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a tunnel excavating 

machine for excavating and forming a tunnel in the ground and 

an excavation method therefor. 

Description of the Related Art 

Recently, upon excavating and form~ng a tunnel, reduction 

of construction period of the tunnel has been strongly demanded 

and high-speed construction thereof with a tunnel excavating 

machine has been an important theme. 

For the reason, after the excavating machine main body 

such as a shield excavating machine is propelled by a stroke 

so as to excavate, the excavation is interrupted temporarily 

and then covering members are assembled. After this assembly, 

by applying propulsion reaction to the covering members again, 

the ~xcavating machin~ is propelled. Instead of this type of 

the ordinary tunnel excavating machine, various types of tunnel 

·excavating machines capable of allowing the covering members 

to be assembled under propulsion and excavation .of the 

excavating machine main body have been developed. 
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For example. there is well known such a tunnel excavating 

machine. whose main body is divided to a front cylinder and a 

rear cylinder such that they are fit to each other retractably 

(telescopic) and while excavating by propelling the front 

cylinder with respect to the rear cylinder, segments are 

assembled in the rear cylinder at the same time. 

Further. there is well known another tunnel excavating 

machine which is provided with a long (two strokes long) shield 

jack and assembly of the segments is started when excavation 
. . 

by a stroke is completed while excavation by a remaining stroke 

is carried out at the same time. 

However. in the.former tunnel excavating machine, in case 

where excavating a ground in which soil and water pressure apply, 

stopping of water at a retracting portion (fitting portion) of 

the front cylinder and the rear cylinder is indispensable so 

that a sealing mechanism is provided. However, because sand 

and soil enteI;' into the retracting portion accompanied by that 

retracting motion, there is a problem that the sealing mechanism 

is damaged easily. 

Further. in the latter tunnel excavating machine, because 

an erector for assembling the segments moves with the excavating 

machine main body, it moves relative to the existing segments. 

Therefore, there is another problem that positioning of the 

segment is very difficult. 

SUMMARY OF THE INVENTION 

The present invention has been achieved in views of the 
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above described problem and an object of the invention is to 

provide a tunnel excavating machine of high-speed construction 

type and an excavation method which is capable of stopping water 

invasion completely and allows covering members to' be assembled 

easily. 

To achieve the above object, the present invention a 

tunnel excavating machine comprising: a cylindrical excavating 

machine main portion which is provided with a cutter head 

mounted rotatably at a front portion thereof and fit to an 

external periphery of a covering member through a sealing 

member; a cylindrical excavating machine auxiliary portion 

which 1.s fit to the inside of the excavating machine main portion 

movably in the back and forth direction and provided with an 

erector for assembli.ng the covering members; a plurality of main 

propulsion jacks disposed between the excavating machine main 

portion and the excavating machine auxiliary portion: and a 

plurality of auxiliary propulsion jacks mounted on the 

excavating machine auxiliary portion and capable of being 

retracted with respect to the covering member, wherein assembly 

of the covering members is enabled u~der propulsion and 

excavation with the excavating machine main portion. 

Another feature of the present invention is that the 

plurality of the auxiliary propulsion jacks are connected to 

separate hydraulic pressure sources each having the same 

·capacity througp each of retractable selection valves. 

Still another feature of the present inven~ion is that 

the plurality of the awc:iliary propulsion jack$ are so 
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controlled that at the t;ime of extension motion, the plurality 

of the auxiliary propulsion jacks are controlled as a group, 

·while at the time of retraction. each of the auxiliary 

propulsion jacks is controlled separately. 

Further, the present invention provides a tunnel 

excavation method wherein, upon excavating and forming a tunnel 

with the aforementioned tunnel excavating machine. after 

executing a first step of, with a main propulsion jack extended 

from an initial position in which the main propulsion jack and 

an auxi.li.ary propulsion jack are both retracted, propelling an 

excavating machine main portion. a second step of. with the 

auxiliary propulsion jack extended whi.le retracting the main 

propulsion jack. propelli.ng the excavating machine auxiliary 

portion, and a third step of. while propelling the excavating 

machine mai.n portion with the main propulsion jack extended. 

retracting the auxiliary prolusion jack partially in succession 

so as to assemble covering memb~rs with an erector, the second 

step and the third step are repeated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a side sectional view of an earth pressure type 

shield excavating machine as a tunnel excavating machine 

according to an embodiment of t~e present invention; 

Fig. 2 is a front view of the same; 

Fig. 3 is a sectional view taken along the line III-III 

of Fig. 1; 

Fig. 4 is an excavating process diagram; 
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Fig. 5 is an excavating process diagram; 

Fig. 6 is an excavating process diagram; 

Fig. 7 is an excavating process diagram; 

Fig. 8 is a schematic hydraulic circuit diagram of an 

auxiliary propulsion jack; 

Fig. 9 is an explanatory diagram about an occurrence of 

propulsion in the auxiliary propulsion jack; 

Fig. 10 is a schematic hydraulic circuit diagram of a 

conventional shield jack; and 

Fig. 11 is an explanatory diagram about an occurrence of 

propulsion of the same shield jack. 

DETAILED DESCRIOTION OF THE PREFERRED EMBODIMENT 

Hereinafter. the embodiment of the tunnel excavating 

machine and excavation method of the present invention will be 

described in detail with reference to the accompanying 

drawings. 

Fig. 1 is a side view of an earth pressure· type shield 

excavating machine which is a tunnel excavating machine showing 

an embodiment of the present invention. Fig. 2 is a front view 

thereof. Fig. 3 is a sectional view taken along the line III-III 

of Fig. 1. Figs • 4- 7 are excavating process diagrams of the same. 

Fig. 8 is a conceptual hydraulic pressure circuit diagram of 

.an auxiliary propulsion jack and Fig. 9 is an explanatory 

diagram about an occurrence of propulsion in the same auxiliary 

propulsion jack. 
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As shown in Figs. l, 2. the main body of the earth pressure 

type shield excavating machine of this embodiment comprises a 

cylindrical excavating machine main portion 1 and a cylindrical 

excavating machine auxiliary portion 2 incorporated in the 

excavating machine main portion 1 movably in the back and.forth 

di.rection ( i.n the length direction of a tunnel) , · these p·orti.ons 

being formed i.n the form of double cyli.nders. The excavati.ng 

machine main portion 1 i.s divided to a front excavating machine 

main portion la and a rear excavating machine main portion lb 

in the back and forth di.rection. 

A cutter head 4 is mounted rotatably through a bearing 

or the like on a partition wall (bulk .. head) 3 of the 

aforementioned front excavating machine main portion la. 

Cutter spokes 5 are fixed radially on a front face of a cutt~r 

head 4 and a plurality of cutter bits 6 and roller cutters 7. 

An appropriate number of copy cutters 9 are mounted such that 

they can be extended or retracted (emerge) in the diameter 

direction of the cutter head 4 by means of a hydraulic jack 8. 

A ring gear 10 is fixed at the rear portion of the cutter head 

4. 

On the other hand, a cutter rotating motor 11 is installed 

to the aforementioned partition wall 3 as a cutter driving means. 

such that a driving gear 12 of this cutter rotating motor 11. 

meshes with the aforementioned ring gear 10. Therefore, if the 

·cutter rotating motor 11 is activated so as to rotate the driving 

gear 12. the cutter head 4 is rotated via the ring_ gear 10. A 

rotary joint 13 is installed in the center of the parti ti.on wall 
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3, so that pressurized oil is supplied to the hydraulic jack 

8 of the aforementioned copy cutter 9 through the rotary joint 

13 from a hydraulic pressure source (not shown) and discharged. 

An appropriate number of fol.dabl.e jacks 15 are disposed between 

an outside peripheral. portion of the partition wall. 3 and a 

ring-shaped reinforcing portion 14 provided in front of the rear 

excavating machine main portion lb. 

A screw conveyor 16 is disposed through the excavating 

machine auxiliary portion 2 within the front excavating machine 

main portion la and the rear excavating machine main portion 

lb, so that soil and sand excavated by the cutter head 4 can 

be discharged to the rear of. the tunnel. That is, a front end 

portion (fetching port) of the screw conveyor 16 passes through 

a bottom portion of the partition wal.1 3 and is_ opened into a 

chamber 17 defined by the cutter head 4 and the partition wall. 

3. A discharge port (opened/closed by a gate 19 for driving 

the jack 18) provided in a rear bottom portion opposes the bel. t 

conveyor (not shown) disposed in the length direction within 

the tunnel. This screw conveyor 16 has screw blades 16c 

provided with a ~yl.indrical pipe 16a incl.ined-such that it is 

raised as it goes backward, so that the sc~ew blades can be 

rotated by a driving motor 16b . 

.. As snown in Fig. 3, a plural.ity of main propulsion jacks 

20 are disposed between the ring-shaped reinforcing portion 14 

of the rear excavating machine main portion lb and an internal 

peripheral. portion of the excavating machine auxil:!-ary portion 

2 such that they are spaced at a predetermined interval in the 
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circumferential direction. A plurality of auxiliary 

propulsion jacks 22, capable of being extended/retracting with 

respect to a segment S constructed (assembled) ~n an internal 

circumferential face of a tunnel as covering member, are 

disposed on the external circumferential portion of the 

excavating machine auxiliary portion 2 such that they are spaced 

at a predetermined interval in the circumferential direction. 

A rear end of the rear excavating machine main portion 

lb is fit to the external periphery of the existing segment S 

through a tale seal 23. A supporting member 24 is assembled 

at the rear portion of the excavating machine auxiliary portion 

2 and then, an erector 25 for assembling the aforementioned 

segments Sand a segment adjuster 26 for maintaining circularity 

of the segments S assembled are mounted on thi·s supporting 

member 24. 

As shown in Fig. 8, a hydraulic circuit for the 

aforementioned plurality of the auxiliary propulsion jacks 22 

employs a hydraulic circuit for controlling a propulsion speed 

using a multi-link pump (a multi-port type pump may be used). 

Each of the aforementioned auxiliary propulsion jacks 22 

is connected to each of the hydraulic pumps 31 having the same 

capacity through each retractable selection valve 30 comprising 

an extension side port 30a, a neutral port 30b, and a retraction 

side port 30d and further through each check valve 32. A 

discharge amount of each of these hydraulic pump 31 is 

controlled by a controller (not shown) so that each auxiliary 

propulsion jacks 22 produces· a propulsion force (see Fig. 9) 
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depending on a load when the excavating machine is advanced. 

In Fig. 8, reference numeral 33 denotes a strainer, reference 

numeral 34 denotes a relief valve for setting original pressure 

and reference numeral 35 denotes a relief valve for preventing 

a damage of the jack. 

Excavating process with the aforementioned earth 

pressure type shield excavating machine will be described with 

r.eference to Figs. 4-7. 

First of all, at an initial position in which all the main 

propulsion jacks 20 and auxiliary propulsion jacks 22 are 

retracted, t;tie cutter rotating motor 11 is activated so as to 

rotate the cutter head 4 (see Fig. 4). 

·Next, all the main propulsion jacks 20 are extended from 

the aforementioned condition so as to propel (advance) the 

excavating machine main portion 1 by a stroke (see the first 

process of Fig. 5). At this time, a propulsion reaction force 

is received by the existing segments S through the excavating 

.machine auxiliary portion 2. By this propulsion, a plurality 

of the cutter bits 6 and roll.er cutters 7 mounted on the cutter 

head 4 excavate fore ground. Sand and soil. excavated are 

discharged outside from a chamber 1 7 by means of a screw conveyor 

16 or the l.ike. 

Next, while retracting all. the main propulsion jacks 20 

with a rotation of the cutter head 4 stopped (depending on the 

·case, it may not be stopped). al.l. the auxiliary propulsion jacks 

22 are extended so as to propel the excavating machi:i;ie auxiliary 

portion 2 by a stroke for reset (see a second process of Fig. 
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6). At this time, a propu1sion react.ion force is received by 

the existing segment S. Consequently, the.main propulsion 

jacks 20 are in fu11 retraction condition so that they st~nd 

by for propulsion and at the same time, all the auxi1iary 

propulsion jacks 22 are fu11y extended so as to be capable of 

assembling segments. 

Next, with the cutter head 4 rotating. al1 the main 

propulsion jacks 20 are extended and the excavating machine main 

portion 1 is prope1led, while the auxiliary propulsion jacks 

22 are partially retracted in succession so as to assemble the 

segments S with the erector 25 and the segment adjuster 26 and 

maintain the circularity (see the third step in Fig. 7). 

Hereinafter. the aforementioned second and third 

processes are repeated so as to excavate and form a tunnel of 

a predetermined length. 

In the earth pressure type shield excavating machine of 

this embodiment. in the third process, the segments S can be 

assembled under propulsion and excavation with the excavating 

machine main portion 1 and it is permissible not to stop the 

excavating main body during assembly of the segments S unlike 

the conventional ordinary shield excavating machine, thereby 

enabling high-speed construction. 

On the other hand, there is any retracting motion between 

the front body and rear body unlike the conventional high-speed 

·construction type shield excavating machine, so that it is 

possible to stop water from entez:ing completely and prevent a 

damage of the sealing mechanism and the like. Further. because 
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there is no relative motion between the erector 25/the segment 

adjuster 26 and the existing segment S at the time of assembly 

of the segments, the segments S can be assembled easily at a 

high precision. Still further, because the erector 25 and the 

segment adjuster 26 are provided on the excavating machine 

auxiliary portion 2 such that they are movable integrally, not 

only the erector 25 and the segment adjuster 26 do not have to 

be advanced individually when the excavating machine is 

advanced but also construction efficiency can be raised thereby 

accelerating the aforementioned high-speed·." 

In the meantime, an excavation amount per week with the 

earth pressure type shield excavating machine of this 

embodiment can be expressed with a following equatiC?n (1) and 

an excavation amount per week with the conventional ordinary 

shield excavating machine can be expressed with a following . 

equation (2). 

L = {W/(W/v +tr)} x 60/1000 x Td x Dw x ~····(1) 

where 

L: excavation amount per week m/week 

W: segment width mm/ring 

v: excavating speed mm/min 

tr: reset time min/ring 

Td: working time per day hr/day· 

Dw: working days per week day/week 

·11: availability %" 

Here, 

W: 1500 mm/ring 
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v: 30 mm/min 

tr: 10 min/ring 

Td: 24 hr/day 

Dw: 6 day/week 

T}: 64 i 

therefore L: 138 m/week 

L = {W/(W/v +ts)} x 60/1000 x Td x Dw x 11····(2) 

where 

L: excavation amount per week 

W: segment width 

v: excavating speed 

ts: segment assembly ti.me 

Td: working time 

Dw: working days 

T} : avail.abi1·i ty 

here, 

W: 1500 

v: 30 

ts: 40 

Td: 24 

. Dw: 6 

T}: 64 

therefore L: 

per ~ay 

per week 

mm/ring 

mm/min 

min/ring 

hr/day 

day/week 

i 

92 m/week 

m/week 

mm/ring 

mm/min 

min/ring 

hr/day 

day/week 

% 

In the earth pressure type shield excavating machine of 

·this embodiment. only the reset time determined depending on 

the capacity o·f the hydraulic pump 31 by neglecting_ the segment 

assembly time has to be considered. so that a higher speed 
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construction can be achieved as compared to the conventional 

ordinary shield excavating machine. 

Because as described above, in the hydraulic circuit for 

the afor·ernentioned plurality of the auxiliary propulsion jacks 

22, a hydraulic circuit which controls the propulsion speed 

using the multi-link pump 31, the· discharge amount of the 

hydraulic pump 31 is controlled so as to produce a propulsion 

corresponding to a load of the auxiliary propulsion jacks 22 

when the excavating machine is advanced (see Figs. 8, 9). 

Consequently, on the above described third process. the 

auxiliary propulsion jacks 22 are partially retracted 

successively, so that when assembling the segments S with the 

erector 25, an occurrence of a rotation moment is suppressed 

so as to avoid a bending of the excavating machine anQ. the like. 

For example, if each-of the auxiliary propulsion jacks 

22 is connected to a single hydraulic pump 31 through each 

retractable selection valve 30 as shown in a schematic hydrau11.c. 

circuit diagram of a conventional shield jack shown in Fig. 10, 

the propulsion force of each auxiliary propulsion jacks 22 is 

equal as shown in Fig. 11 because the same hydraulic pressure 

source is employed. 

Thus, if the auxiliary propulsion jacks 22 are partially 

retracted by means of the retractable selection valve 30 and 

a predetermined jack selection valve 36 at the time of the 

aforementioned segment assembly or the like, as shown in Fig. 

11, a rotation momel).t is applied to the excavating machine so 

that a bending occurs . in the excavating machine. In Fig. 10, 
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like reference numerals are attached to like members of Fig. 

8 and a description thereof is omitted. 

According to this embodiment, in the auxiliary propulsion 

jacks 22, at the time of extension motion, plural pieces thereof 

are controlled as a group while at the time of retraction, each 

piece thereof is controlled. Consequently, the auxiliary 

propulsion jacks 22 can be retracted effectively depending on 

the assembly condition of the segment and at the time of 

propulsion, each of the auxiliary propulsion jacks 22 can be 

made to follow an inclination of the existing segment S easily. 

Although according to this embodiment, the tunnel 

excavating machine of the present invention has been described 

about the earth pressure type shield excavating machine, it may 

be applied to a muddy water type shield excavating machin~ or 

a tunnel boring machine. It is needless to say that the present 

invention may be modified in various ways in a range not 

departing from the gist of the present invention. 

As described in detail above, because the feature of the 

tunnel excavating machine according to claim 1 of the present 

invention is comprising: a cylindrical excavating machine main 

portion which is provided with a cutter head mounted rotatably 

at a front portion thereof and fit to an external periphery of 

a covering member through a sealing member; a cylindrical 

excavating machine auxiliary portion which is fit to the inside 

·of the excavating machine main portion movably in the back and 

forth direction and provided with an erector for as~embling the 

c~vering_members; a plurality of main propulsion jacks disposed 
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between the excavating machine main portion and the excavating 

machine auxiliary portion: and a plurality of auxiliary 

propulsion jacks mounted on the excavating machine auxiliary 

portion and capable of being retracted with respect to the 

covering member. wherein assembly of the covering members is 

enabled under propulsion and excavation with the exc·avating 

machine main portion. it is possible to provide a tunnel 

excavating machine of high-speed construction type which is 

capable of stopping invasion of water completely and allows the 

covering members to be assembled easily. 

Because the tunnel excavating machine according to claim 

2 has a feature that the plurality of the auxiliary propulsion -·­

jacks are connected to separate hydraulic pressure sources each 

having the same capacity through each of retractable selection 

valves. in addition to the operation and effect of claim 1. there 

is an advantage that a bending or the like of the excavating 

machine when the auxiliary propulsion jacks are partially 

retracted at the time of assembly of the covering members or 

the 1ike can be avoided. 

Because the tunnel excavating machine according to claim 

3 has a feature that the plurality of the auxiliary propulsion 

jacks are so controlled that at the time of extension motion. 

the plural:Lty of the auxiliary propulsion jacks are controlled 

as a group. while at the time of retraction. each of the auxiliary 

·propulsion jacks is controlled separately. in addition to the 

same operation and effect as claim 2. there is an adyantage that 

the auxiliary propulsion jacks can be retracted effectively 
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depending on assembly condition of the covering members and 

further each of the auxiliary propulsion jacks can be made to 

follow an inclination of the covering member at the time of 

propulsion. 

Because the tunnel excavation method according to claim-

4 has a feature that, upon excavating and forming a tunnel with 

the tunnel excavating machine, after executing a first step of, 

with a main propulsion jack extended from an initial position 

in which the main propulsion jack and an auxiliary propulsion 

jack are both retracted, propelling an excavating machine main 

portion, a second step of, with the auxiliary propulsion jack 

extended while retracting the main propulsion jack~ propelling 

the excavating machine auxiliary portion, and a third step of, 

while propelling the excavating machine main portion with 'f:he 

main propulsion jack extended, retracting the auxiliary 

prolusion jack partially in succession so as to assemble 

covering members with an erector, the second step and the third 

step are repeated, the same operation and effect as claim 1 can 

be obtained. 
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What is claimed is: I 1111111 111111 11111 1111111 1111 
* C L M S * 

1. A tunnel excavating machine comprising: a cylindrical 

excavating machine main portion which is provided with a cutter 

head mounted rotatably at a front portion thereof and fit to 

an external periphery of a covering member through a ·sealing 

member: a cylindrical excavating machine auxiliary portion 

which is fit to the inside of said excavating machine main 

portion movably in the back and forth direction and provided 

with an erector for assembling said covering members: a 

plurality of main propulsion jacks disposed between said 

excavating machine main portion and said excavating machine 

auxiliary portion: and a plurality of auxiliary·propulsion 

jacks mounted on said excavating machine auxiliary portion and 

capable of being retracted with respect to said covering member, 

wherein assembly of said covering members is enabled under 

propulsion and excavation with said excavating machine main 

portion. 

2. A tunnel excavating machine as claimed in ·claim 1 wherein 

the plurality o~ said auxiliary propulsion jacks are connected 

to separate hydraulic pressure sources each having the same 

capacity through each of retractable selection valves. 

· 3. A tunnel excavating machine as claimed in claim 2 wherein 

the plurality of said auxiliary propulsion jacks. are so 

controlled that at the time of extension motion, the plurality 
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* C L M S * 

of the auxiliary propulsion jacks are controlled as a group, 

while at the time of retraction. each of the auxiliary 

propulsion jacks is controlled separately. 

4. A tunnel excavation method for excavating and forming a 

tunnel with the tunnel excavating machine as claimed in claim 

l, comprising: a first step of. with a main propulsion jack 

extended from an ini ti.al pos.i ti.on in which the main propulsion 

jack and an auxiliary propulsion jack are both retracted. 

propelling an excavating machine main port.ion; a second step 

of. with the auxiliary propulsion jack extended while 

retracting said main propulsion jack. propelling the excavating 

machine auxiliary portion; and a third step of. while propelling 

the excavating machine ma.in port.ion with said main propulsion 

jack extended. retracting the auxiliary prolus.ion jack 

partially in succession so as to assemble covering members with 

an erector provided in the excavating machine auxiliary port.ion 

wherein the second step and the third step are repeated. 
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