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GROUT SEAL FORTAL SHIELD OF 
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U.S. C. 61-85 7 Claims 

ABSTRACT OF THE DISCLOSURE 
A tunneling machine having a cutting head, a cylin 

drical shell, a tail shield at the rearward extremity of the 
shell, a tunnel liner disposed within the tunnel immedi 
ately to the rear of the tail shield and having its forward 
portion extending partially within the tail shield, and a 
grout seal secured to the rearward extremity of the tail 
shield and slidingly engaging the tunnel liner. Specific 
details of construction of the grout seal and method of 
making it are also disclosed. 

BACKGROUND OF THE INVENTION 
It has heretofore been known to pour concrete or 

grout around the exterior cylindrical surface of a tunnel 
liner that is disposed within a tunnel just rearwardly of 
a tunneling machine, and at the same time to employ 
some kind of means for sealing the interior of the tun 
neling machine from the exterior of the liner So as to 
prevent the grout or concrete from flowing into the tun 
neling machine. The sealing methods utilized prior to 
the present invention have not, however, been reliable 
or satisfactory in operation. 
The present invention has provided a novel grout Seal 

for the tail shield of a tunneling machine, including a 
unique method of attachment of the grout Seal to the tail 
shield and for engaging the tunnel liner. The present in 
vention also provides a novel method of manufacture of 
such a grout Seal. 
The object of the present invention, therefore, is to 

provide a new and greatly Superior apparatus and method 
for sealing the flow of grout or concrete from the Space 
exterior to a tunnel liner so that it will not flow into the 
interior of an associated tunneling machine. 

DRAWING SUMMARY 
FIGURE 1 is a cross-sectional elevational view of a 

tunneling machine located in operative position within a 
tunnel, and which incorporates the novel grout Seal of the 
present invention. 
FIGURE 2 is a transverse cross-sectional view taken 

on the line 2-2 of FIGURE 1. 
FIGURE 3 is an enlarged detailed view taken within 

the circle 3-3 of FIGURE 1. 
FIGURE 4 is a fragmentary cross-sectional view taken 

on the line 4-4 of FIGURE 3. 
FIGURE 5 is a cross-sectional view taken on the line 

5-5 of FIGURE 4. 
FIGURE 6 is a view like FIGURE 4, showing the 

deformation of the grout sealing ring after the grout has 
been poured. 
FIGURE 7 is a view similar to FIGURE 4, but show 

ing the two opposite sides of the grout seal when the tail 
shield is in its position of maximum eccentricity rela 
tive to the tunnel liner. 
FIGURE 8 is a perspective view of an extrusion of 

resilient material from which the grout seal ring is made. 
FIGURE 9 is a radial cross-sectional view of a form 

ing die within which the grout sealing ring is being 
formed. 
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FIGURE 10 is a perspective view of a quarter section 

of the grout sealing ring. 
FIGURE 11 is a perspective view showing two quarter 

Sections of the sealing ring about to be joined together. 
FIGURE 12 is a perspective view of the complete 

grout seal ring just prior to being assembled onto an inner 
metal ring which is used in supporting it from the tail 
shield. 

PREFERRED EMBODIMENT 

As shown in FIGURE 1 a tunneling machine generally 
identified as 15 is disposed within a body of earth 10 and 
has formed therein a generally cylindrical tunnel wall 11. 
At its forward end the tunneling machine 15 carries a 
cutting head 16 which bears against the tunnel face 12. 
In its central portion the tunneling machine 15 has a 
cylindrical outer shell 17 which is extended rearwardly 
to form a cylindrical tail shield 18 at the rearward ex 
tremity of the tunneling machine. 
The tunneling machine 15 shown in FIGURE 1 has 

been traveling toward the tunnel face 12, being guided 
to maintain precise line and grade requirements by a 
Surveying and/or guidance system, the details of which 
are not shown. Some distance to the rear of the tunneling 
machine 15 and its tail shield 18 there is a cylindrical 
tunnel liner 30 disposed within the tunnel, and it will be 
noted that the outer diameter of the liner 30 is sufficient 
ly less than the outer diameter of tail shield 18 so that 
the liner 30 could in fact have occupied a position inside 
the tail shield 18. The liner 30 is surrounded by an an 
nular space which separates it from the tunnel wall 11, 
and that annular space is filled with concrete or grout 
32 which, as of the time shown in FIGURE 1, has not 
only been poured in place but has already hardened. The 
longitudinal axis A of liner 30 therefore correctly reflects 
the desired line and grade of the tunnel, and as of the 
time shown in FIGURE 1 the guidance of the tunneling 
machine 15 is directed toward continuing to dig the tun 
nel in a position concentric to that axis A. 

Another tunnel liner section 31 is disposed just for 
wardly of the tunnel liner 30, being identical in its con 
struction to the liner 30. Liner 30 has a radially inwardly 
extending flange at its forward end, and liner 31 has a 
radially inwardly extending flange at its rearward end, 
these two flanges being secured together about the cir 
cumference of both liners by means of a plurality of 
bolts 60. Thus the liner section 31 is supported from the 
liner section 30 and the in-place grout or concrete 32, so 
as to also be concentric to the axis A. As of the point 
of time shown in FIGURE 1 the annular space surround 
ing liner 31 and disposed between liner 31 and tunnel wall 
11, has not yet been filled with grout, although at the 
bottom of FIGURE 1 there is shown a portion of grout 
34 that is beginning to be placed in that annular space. 
The forward extremity of liner 31 extends within the 
rearward portion of tail shield 18, as shown in dotted lines. 
The rearward extremity of tail shield 18 carries a grout 
seal 20 whose function and purpose is to prevent the 
newly poured grout 34 from flowing into the interior 
of the tail shield 18 or tunneling machine 15. 

In the particular illustration of FIGURE 1 the longi 
tudinal axis of the tunneling machine 15 is vertically 
aligned with the longitudinal axis A of liners 30 and 31, 
hence the tail shield 18 is perfectly concentric to the for 
ward end of liner 31. It will be recognized, however, 
that the steering action of the tunneling machine 15 can 
not always be perfect, hence the successful operation of 
the tunneling machine must necessarily contemplate an 
eccentric condition as is subsequently described in con 
junction with FIGURE 7 of the drawings. 
As shown in FIGURE 2, the cylindrical liner 31 con 

sists of four quarter-section members 35 which are bolted 
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together. In each member 35 the cylindrical wall is identi 
fied as 35a; the radially inwardly extending forward flange 
as 35b; the radially inwardly extending flange by means 
of which is is joined to the immediately adjacent member 
35 is identified as 35c; and a removable grout plug which 
closes a grout opening 35e is identified as 35d. And as 
also shown in FIGURE 2 the new or wet grout or con 
crete 34 is being forced into the annular space between 
liner 31 and tunnel wall 11 by means of a pressure hose 
61 which extends through the grout opening 35e of the 
lowermost member 35. 

Reference is now made to FIGURES 3 to 5, inclusive, 
which show in enlarged detail the construction of the 
tail shield and grout seal. FIGURES 3 to 5, inclusive, 
reflect the machine position of FIGURE 1 in which the 
tail shield is concentric to the liner 31, and in which the 
liner is therefore concentric to the tail shield, as is indi 
cated by a corresponding legend in FIGURE 4. The tail 
shield 18 (FIGURE 4) is a rather thick metallic cylinder 
whose rear extremity terminates in a flat circumferential 
shoulder. An outer cylindrical metal ring 21 has an ex 
terior diameter which is preferably identical to the ex 
terior diameter of tail shield 18, and the outer ring 21 
has its forward end secured by the circumferential weld 
21a to the rear extremity of the tail shield to form an 
extension thereof. However, the radial thickness of the 
outer metal ring 21 is significantly less than that of tail 
shield 18, and is in fact only about one-third the thickness 
of tail shield 18. 
An inner metal ring 22 has an inner diameter which 

is preferably identical to the inner diameter of the tail 
shield 18, and its thickness is likewise about one-third the 
radial thickness of tail shield 18. The forward end of inner 
ring 22 butts against the circumferential shoulder 18a of 
tail shield 18, but is not welded thereto, for reasons which 
will be subsequently explained. It will be noted that the 
length of inner ring 22 is significantly less than the length 
of outer ring 21, so that the rearward extremity 21b of 
the outer ring 21 projects significantly to the rear of the 
rearward extremity 22a of inner ring 22. 
The grout seal ring 50 shown in FIGURES 3 to 5, in 

clusive, is a resilient ring having a cylindrical base por 
tion 51 that is disposed between the outer metal ring 21 
and the inner metal ring 22. The outer metal ring 21, 
inner metal ring 22, and sealing ring base portion 51, 
together form a sandwich construction having a composite 
thickness which is preferably identical to the radial thick 
ness of tail shield 18, as clearly seen in FIGURE 4. 
Grout seal 50 also includes a flange 52 integrally formed 

with the base 51, and which extends from the rearward 
circumferential extremity of the base 51 in a generally 
radially inwardly direction therefrom. The rearward ex 
tremity of flange 52 maintains a sealing engagement with 
the outer cylindrical surface of liner section 31, as best 
seen in FIGURE 4. 

Reference is now made to FIGURE 12 which illustrates 
the manner in which the grout seal is assembled to the 
tail shield. The grout seal ring 50 (consisting of four 
quarter-section members 48 which have been joined to 
gether) is placed adjacent the inner metal ring 22. At 
this time the inner metal ring 22 has a plurality of open 
ings 22b formed therein about its entire circumference, 
the openings 22b being enlarged on the interior surface 
of the member 22 so as to receive the bolt heads of bolts 
23, as will be subsequently described. At the time shown 
in FIGURE 12 the inner diameter of base 51 of the 
grout seal 50 is significantly less, about 2% less, than the 
outer diameter of the metal ring 22. It is therefore neces 
sary to stretch the base 51 in order to place it about the 
outer surface of ring 22. Some kind of tool, not shown, 
is then used for insertion through the openings 22b so 
as to form corresponding holes in the base portion 51 of 
the grout seal ring 50. The assembly of these two mem 
bers is then inserted inside the outer metal ring 21, and 
bolts 23 are inserted from the interior of the inner metal 
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4. 
ring 22. It will be noted that the openings 22b in the 
inner ring 22 are not threaded, but the corresponding 
openings of outer metal ring 21 are threaded, and the 
length of bolts 23 is so selected that the bolts do not 
project beyond the exterior cylindrical surface of the 
outer ring 21. 
Thus the assembly illustrated in FIGURE 4 is achieved 

by welding the outer metal ring 21 to the tail shield 18 
to form an extension thereof; stretching the base portion 
51 of grout seal 50 around the inner metal ring 22; 
thereafter inserting the combination of inner ring 22 and 
grout seal 50 within the outer metal ring 21, and subse 
quently inserting a plurality of the bolts 23 for radially 
Supporting the inner ring 22 and seal ring base 51 from 
the outer ring 21. 

Reference is now made to FIGURES 8 to 11, inclu 
sive, which illustrate the method or process of manufac 
turing the grout seal ring 50. As shown in FIGURE 8 a 
long flat extrusion 40 is formed of resilient material, 
having a relatively thin portion 41 on one side and a 
relatively thick portion 42 on the other side, portion 42 
being of about twice the width of the portion 41. FIG 
URE 9 illustrates a forming and curing die which in 
cludes a male or inner member 45 and a female or outer 
member 46, each of these members extending circum 
ferentially through an angle of 90 so as to form a quar 
ter-section member 48, as shown in FIGURE 10. The 
extrusion 40 is cut to the proper length to form one 
quarter-section member 48 and is placed between the die 
members 45 and 46; a combination of heat and pressure 
is applied to the die members; and after the proper cur 
ing time the ends of the resilient member are trimmed 
and a quarter-section member 48 has then been formed. 
As shown in FIGURE 9 the extrusion portion 41 forms 
the base portion 51 of the grout seal ring; the extrusion 
portion 42 forms the grout seal flange 52; a small notch 
or recess 52c is formed on the inner surface of the junc 
ture of base 51 and flange 52; the inner flat surface of 
flange 52 is identified as 52a while the outer flat surface 
is identified as 52b. After four of the segments 48 have 
been formed, these may be joined together in the manner 
illustrated in FIGURE 11, by a conventional vulcanizing 
process in which the ends of the members 48 are slit 
open at 48a and fabric pieces 49 are inserted into the 
slits and then the joint is cured for an appropriate period 
of time. Thus the complete grout seal ring 50 shown in 
FIGURE 12 is formed. 
The mechanical action of the grout seal ring 50 during 

its use will now be described. As shown in FIGURE 4 
the rearward extremity of flange 52 forms a sliding seal 
with the cylindrical outer surface of liner 31, maintain 
ing this seal as the tunneling machine 15 moves forward 
relative to the liner 31. However, a stretching action is 
required before the liner 31 can be inserted inside the 
flange 52, and FIGURE 4 shows by means of dotted 
lines 55 the essentially radially inward position which the 
flange 52 initially occupies before it is stretched to per 
mit the insertion of the liner within it. When the greater 
portion of the length of liner 31 is exposed to the rear 
of tail shield 18, as shown in FIGURE 1, it is then time 
to pour the grout 34. FIGURE 6 shows the action of the 
grout seal flange 52, and it will be seen that the flange 
52 bends a great deal so that its outer surface 52b is 
concave while its inner surface 52a is convex. The result 
of this action is, however, a frictional engagement at the 
line 63 between a considerable length of the flange 52 
and the liner 31. Thus a very effective sealing action is 
obtained. 
FIGURE 7 illustrates the operation of the grout seal 

when the tunneling machine is eccentric relative to the 
liner. on one side of the liner (the upper portion of FIG 
URE 7) the outer surface of the liner is in flush engage 
ment with the inner surface of the inner metal ring 22 as 
well as the full inner surface 52a of flange 52 of the 
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grout seal. Thus a very effective seal is obtained with or 
without the presence of the grout. On the other side of 
the liner (the lower part of FIGURE 7) the flange 52 
inclines at about a 45° angle relative to tail shield 18 
and liner 31, before the grout is poured. When the grout 
is poured the flange 52 deforms into the position shown 
by dotted lines 56, and a sealing engagement is achieved 
at the line 64 through a length of both the flange 52 and 
the liner 31 that is still sufficient to provide a very effec 
tive seal. 
The invention has been described in considerable de 

tail in order to comply with the patent laws by providing 
a full public disclosure of at least one of its forms. How 
ever, such detailed description is not intended in any way 
to limit the broad features or principles of the invention, 
or the scope of the patent monopoly to be granted. 

Having described the invention, what is claimed as new 
in support of Letters Patent is: 

1. A grout seal for the tail shield of a tunneling ma 
chine comprising, in combination: 

an outer metal ring having an exterior diameter which 
is substantially equal to the exterior diameter of the 
tail shield, and having one of its ends secured to the 
extremity of said tail shield to form an extension 
thereof, said outer metal ring being of a radial thick 
ness which is significantly less than the radial thick 
ness of said tail shield; 

an inner metal ring whose radial thickness is also signif 
icantly less than the thickness of the tail shield, and 
having an inner diameter which is essentially equal to 
the inner diameter of said tail shield; 

a resilient sealing ring having a cylindrical base which 
is disposed in a state of tension between said outer 
metal ring and said inner metal ring, said outer and 
inner metal rings and said base together having a 
composite thickness which is substantially equal to 
the radial thickness of the tail shield; 

said sealing ring having a flange integrally formed 
with said base thereof which extends radially in 
wardly from the end of said base at the rearward end 
of said inner metal ring; and 

fastening means which secure said inner metal ring to 
said outer metal ring and pass through correspond 
ing openings in said sealing ring base. 

2. A grout seal as claimed in claim 1 wherein the length 
of said inner metal ring is significantly less than the length 
of said outer metal ring. 

3. A grout seal as claimed in claim 1 wherein said 
sealing ring flange at the point where it joins said sealing 
ring base is substantially thicker than said base, said flange 
projecting inwardly from said base and forming essen 
tially an extension of said inner metal ring; whereby the 
tendency of said flange to flex inwardly under load is 
minimized. 
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4. A grout seal for the tail shield of a tunneling ma 

chine comprising, in combination: 
a resilient sealing ring having a cylindrical base whose 

normal diameter is less than the interior diameter of 
said tail shield, and having a flange integrally formed 
with said base which extends radially inwardly in 
essentially a truncated conical configuration; 

an inner metal ring and an outer metal ring which are 
concentrically disposed and so arranged as to pro 
vide a rearward extension of said tail shield, at least 
one of said rings being secured to said tail shield; 

said sealing ring base being stretched around said inner 
metal ring in the assembled condition of said grout 
seal; 

said sealing ring flange at the portion thereof adjoin 
ing said sealing ring base being thickened so as to 
project inwardly from said base adjacent to and in 
contact with the rearward extremity of said inner 
metal ring; 

thereby to minimize the tendency of said flange to de 
flect inwardly under load. 

5. A grout seal as claimed in claim 4 wherein said 
outer metal ring is of greater length than said inner metal 
ring and projects rearwardly about said thickened portion 
of Said sealing ring flange. 

6. A grout seal as claimed in claim 4 wherein said inner 
metal ring, said Sealing ring base, and said outer metal 
ring together have a radial thickness which is substantially 
identical to the radial thickness of said tail shield. 

7. A grout seal as claimed in claim 4 wherein said 
outer metal ring is welded to the extremity of said tail 
shield, a plurality of threaded openings are formed in said 
outer metal ring for receiving bolts, corresponding bolt 
holes are formed in said inner metal ring and in said seal 
ing ring base; and which further includes a plurality of 
bolts having their heads disposed at the inner surface of 
said inner metal ring and extending through said inner 
metal ring and sealing ring base to threadedly engage said 
threaded openings in said outer metal ring. 
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