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(§7) Abstract: To provide a waterproofing construction method with which excellent waterproofing capacity can be assured. A
tunnel waterproofing method characterized in that a primary spray cement concrete is sprayed on the excavation surface of the tunnel,
after which a waterproofing sheet having adhesiveness with a secondary coating cement concrete is installed on said primary spray
cement concrete surface and a secondary coating cement concrete is established on said waterproofing sheet surface. A buffer-water
conducting layer may also be established on said primary spray cement concrete surface and a multilayer waterproofing sheet having
adhesiveness with the applied cement concete may also be installed as a waterproofing sheet.
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[ Title of the Document] Specification
[Title of the Invention] A Tunnel Waterproofing Method

[Detailed Description of the Invention]

[0001]

[Technological Field of the Invention]
This invention relates to a waterproofing method for tunnels.

In this invention, paste, mortar and concrete are used as general terms to

refer to cement concrete.

[0902]

[Prior Art}

The principal tunnel construction method in Japan at present is the NATM
method. The NATM construction method is a method in which primary coating is
performed by means of spray mortar or spray concrete immediately after
excavation of the tunnel to prevent falling of rock and water leakage in the
excavation region, after which a secondary coating concrete is applied to
stabilize the tunnel by maintaining tunnel strength. At this time, a waterproofing
sheet is installed for the purpose of waterproofing and insulation between the
primary coating concrete and the secﬁondary coating concrete so that leakage of
water into the tunnel can be prevented and so that cracks due to binding of the
secondary coating concrete to earth mounds or movement of earth mounds can
be prevented. Most recently, tunnel excavation has been performed by tunnei

boring machines (TBM construction method) and waterproofing sheets are

installed for the same objectives.

10003]

Further, because the width of the sheet is narrow, being 1 to 2 m, there
are th"e problems that it takes great effort and trouble and it is uneconomical

when the ends of the waterproofing sheets are overlaid on each other and joined

by welding. 1
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[0004]

There is the further problem that water infiltrates between the
waterproofing sheets and the secondary coating concrete due to damage of the
waterproofing sheet functionally by poorly welded components and by

irregularities in the excavation surface so that waterproofing capacity is not

obtained.

[0005]
[Problems to Solve]

When the thickness of the waterproofing sheets is increased in order to
prevent damage to the waterprooﬁ'ng sheets, there are the problems that welding
of the ends of the waterproofing sheets becomes difficult and that the mass of

the waterproofing sheets is increased; with the result that actual execution-

characteristics become even poorer.

[0006]

The inventors conducted various studies of the aforementioned problems.
Asv a result, they discovered a tunnel waterproofing
construcﬁon method whereby a waterprooﬁhg sheet that is adhesive to the

secondary coating cement concrete is installed on the primary spray cement

concrete surface before installing the secondary coating cement concrete, and,
in which, by making it into a single entity with the secondary coating cement
concrete, infiltration of water between the waterproofing sheet and the secondary

coating concrete because of poor weld sites and damage of the ends of the

waterproofing sheets is prevented, leakage of water is prevented even when
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cracks are generated 1n the secondary coating cement

concrete and waterproofing capaclty can be greatly

lncreased.

[0007]

y—r

Specifically, one embodiment of this invention is

a tunnel waterproofing method wherein a primary spray cement

concrete 1s sprayed on the excavation surface of the tunnel,

after which a secondary coating cement concrete and a

waterproofing sheet having adhesiveness are installed on

sald primary spray cement concrete surface such that the

secondary coating cement concrete 1s established on said

waterproofing sheet surface, a tunnel waterproofing method

wherein a primary spray cement concrete is sprayed on the

P

excavation surface of the tunnel, after which a bu:

' o
p—

fer-water

conducting layer 1s established in said primary spray cement

concrete surface, a secondary coating cement concrete and a

waterproofing sheet having adhesiveness are installed on
salid secondary coating cement concrete such that the

secondary coating cement concrete is established on said

waterproofing sheet surface; and a tunnel waterproofing

method wherein the waterproofing sheet is a multilavyer

waterproofing sheet that has a layer that has adhesiveness

wilth the installed secondary coating cement concrete.

1000 7a]

According to one particular aspect of the

invention, there 1s provided a tunnel waterproofing method

comprilsing: spraying a primary layer of cement concrete on

the excavation surface of the tunnel; establishing on said

P

primary cement concrete layer a buffer-water conducting

layer by affixing a non-woven fabric, a fibrous material, or

' e

plates of 1rregular shapes; establishing on said buffer-
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water conducting layer a waterproofing sheet, comprising a
plastic or rubber sheet and an adhesive layer operative to

adhere with a secondary coating cement concrete applied on

sald waterproofing sheet; and establishing onto said

waterproofing sheet a secondary coating of cement concrete

F

on sald adhesive layer of said waterproofing sheet, thereby

r—

achieving waterproofing of the tunnel.

10008 ]

i
"

 Mode of Execution of an Embodiment of the

Invention]

We shall now describe an illustrative embodiment

g

of this 1invention 1n detail.

[0009]

3a
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This invention is a construction method in which the waterproofing sheet
and the tunnel are made into a single entity by spraying, preferably, a fast-drying
cement concrete onto the excavated tunnel surface, after which a waterproofing
sheet that is adhesive with the secondary coating cement concrete is installed.
This waterproofing sheet allows for follow-up of cracking of cement concrete due
to drying and contraction of the secondary coating cement concrete and of earth
mounds after completion. By making the cement concrete and the waterproofing
sheet into a single entity, contact with water occurs only in sites that are
damaged even if damage to the waterproofing sheets occurs. For this reason,
leakage of water does not occur as long as cracks do not develop in the
secondary coating concrete In the region of the sheet damage. Therefore, water

leakage is greatly decreased and excellent waterproofing capacity is obtained.
Further, water leakage does not occur as with conventional waterproofing sheets
as a result of water infiltrating between the waterproofing sheet and the
secondary coating cement concrete, of impairment of the waterproofing capacity
of the tunnel as a whole, and of cracks in the secondary coating cement
concrete. Moreover, because a waterproofing sheet that is made into a single
entity with the secondary coating cement concrete prevents water leakage with
good follow-up capacity and without damage occurring even when cracks are
generated in the tunnel itself, waterproofing capacity is increased to a great

extent by comparison o conventional waterproofing construction methods.

[0010]
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Examples of waterproofing sheets that are adhesive with secondary

coating cement concrete include uncrosslinked rubber sheets such as isoprene

rubber and natural rubber.

[0011]

The waterproofing sheet that is adhesive with the secondary coating

cement concrete may also contain antioxidants, ultraviolet radiation absorbents

and tackiness-decreasing agents.

[0012]

In this inventio‘n, it is desirable to laminate the layer having adhesiveness
with the secondary cement concrete with a polymeric sheet from the standpoint
of increasing the insulation effect with the secondary coating cement concrete if
it has been bound with the earth mound. When a layer that is adhesive with the
secondary coating cement concrete and a multilayer waterprooﬁng.sheet that is
laminated with a polymeric sheet are used, they are installed so that the primary
spray cement concrete surface side and the polymeric sheet are in contact and
the secondary coating cement concrete is installed on the waterproofing sheet
surface éide that is adhesive with the secondary coating cement concrete.

[0013]

Examples of the material of the polymeric sheet can include high-density
polyethylene, low-density polyethylene, copolymers of ethylene vinyl acetate

(EVA) and polypropylene. Of these, high-density polypropylene is preferable

from the standpoint of insulation effect, strength, crack follow-up capacity and

price.
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[0014]

In this invention, a buffer-water conducting layer may be established
before installing the waterproofing sheet that is adhesive with the secondary
coating cement concrete for the purpose of increasing the insulation effect,
decreasing water pressure in sites in which there is a great deal of groundwater
and increasing the waterproofing effect. Examples of buffer-waterproofing layers
can include layers that are formed by spraying a fibrous substance such as puip
nonwoven fabrics of fibers such as polyester fibers and polypropylene and plates

or irregular shapes.

[0015]

The waterproofing construction method can be used in the bedding
portion of the tunnel and displays great effectiveness in preventing water

leakage from the bedding component.

[0016]

There are no particular limitations on the method of affixing the
waterproofing sheet, nonwoven fabric and plates of irregular shape to the

primary spray cement concrete surface and adhesive agents and rivets may be

used.

10017]

After the waterproofing sheet that is adhesive to the secondary coating
cement concrete has been installed in this way, the secondary coating cement

concrete is applied and construction is completed.

10018]
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[Examples]

We shall now describe this invention in-detail on the basis of examples.

[0019]

Example 1

A U-shaped simulation tunnel having openings of 4 m, a height of 3.5 m
and a length of 3 m was made. Irregularities of the tunnel earth mound surface
were presumed in the simulation tunnel and fifteen concrete blocks of 15 cm in
width, 20 cm in height and 20 cm in length were installed at suitable intervals to
form an irregular surface.

Fast-drying mortar was used as the primary spray mortar and was
sprayed so that the fast-drying mortar was 10 cm in thickness.

After spraying, a multilayer waterproofing sheet having adhesiveness to
the secondary coating concrete (brand name, "Preprufe 300,” manufactured by
the Grace Construction Products Company of the United States; a two-layer
sheet comprised of two layers, a layer having adhesiveness to concrete and a
polyethylene layer; 2.7 mm in thickness) was affixed by riveting to the primary
spray mortar surface. Follbwing that, the secondary coating concrete was
applied to a thickness of 30 cm. To simulate damage to the multilayer

waterproofing sheet, cuts were made in a part of it.

10020]

Twenty-eight days after the secondary coating concrete was established,
a test sample was cut out by boring and adhesiveness with the concrete was

checked. The secondary coating concrete and the waterproofing sheet were in
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good contact and were a single entity. The peeling strength of the secondary
coating concrete and the waterproofing sheet was greater than 0.9 N/mm.

A single entity with the secondary coating concrete was aiso well
maintained in the region of the cut, with the cut in the concrete being in a linear
pattern of less than 2 mm. A static water pressure of 60 m was applied in the’
gap between the primary spray concrete and the multilayer waterproofing sheet.
However, water did not enter into the gap between the multilayer waterproofing
sheet and the secondary coating concrete, with good waterproofing capacity
béing shown.

Because the multilayer waterproofing sheet that was used had
adhesiveness, the multilayer waterproofing sheets could be adhered to each
other satisfactorily simply by superimposing the ends of the multilayer
waterproofing sheets on each other. For this reason, execution capacity was
extremely good and an excellent value of 1.7 N/mm was obtained for adhesive
strength of the superimposed parts.

To simulate cracks in the tunnel, stress was applied to the secondary
coating concrete and cracks were made. No abnormalities were seen in the

multilayer waterproofing sheet.

[0021]

The test methods for the various physical properties were as follows.
Adhesive strength with the concrete: In accordance with ASTM D 903 (90

degree peeling strength). Adhesive strength of superimposed portions: In
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accordance with ASTM D 1876 (Determinations in the case in which multilayer

waterproofing sheets are superimposed).

[0022]
Example 2

The same procedure was carried out as in Example 1 except that the
multilayer waterproofing sheet having adhesiveness with the secondary coating
concrete that was used was a product of the brand name “Santacket” Sheet”
(isoprene rubber waterproofing sheet, a nonwoven fabric lined product,

manufactured by Hayakawa Rubber).

10023]

Twenty-eight days after the secondary coating concrete was established,
a test sample was cut out by boring and adhesiveness with the concrete was
checked. The secondary coating concrete and the waterproofing sheet were in
good contact and were a single entity.

However, it was more difficult to join the ends of the multilayer

waterproofing sheets than in Example 1 and workability was also somewhat

difficuit.

[0024]

Comparative Example 1

The same procedure was carried out as in Example 1 except that a

waterproofing sheet made of EVA (which did not have adhesiveness with the

" Phonetic spelling—Trans. note.



CA 02411273 2002-12-10
WO 01/96709 PCT/US01/18239

secondary coating concrete) was used instead of a multilayer waterproofing
sheet having adhesiveness with the secondary coating concrete.

[0025]

When pressure corresponding to 30 m of static water pressure was
applied between the primary spray mortar and waterproofing sheet, it was found
from the cracks in which damage was presumed that a large quantity of water
entered into the gap between the waterproofing sheet and the secondary coating
concrete and that properties of a waterproofing sheet were not obtained.

[0026]

[Effect of the Invention]

| By making the secondary coating cement concrete and the waterproofing
sheets into a single entity using the waterproofing sheets of this invention having
adhesiveness with the secondary coating cement concrete, water does not
infiltrate between the gap between the waterproofing sheets and the secondary
coating concrete and excellent waterproofing capacity can be assured even if a
part of the waterproofing sheets is damaged.

Further, the crack follow-up of the waterproofing sheets of this invention Is
good, the waterproofing sheets are not damaged and excellent waterproofing
capacity can be assured even if cracks develop in the secondary coating cement
. concrete. Even if by any chance the crack width is large and damage of the
waterproofing sheet occurs, because the other portions of the waterproofing

sheet are a single entity with the secondary coating cement, water does not

10
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infiltrate into the gap between the waterproofing sheets and the secondary

coating concrete; therefore, the industrial benefits are extremely great.

11
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A tunnel waterproofing method comprilising:

P

spraving a primary layer of cement concrete on the

excavation surface of the tunnel;

establishing on sald primary cement concrete layer

a buffer-water conducting layer by affixing a non-woven

fabric,

a fibrous material, or plates of 1irregular shapes;

establishing on said buffer-water conducting layer

a waterproofing sheet, comprising a plastic or rubber sheet

10 and an adhesive layer operative to adhere with a secondary

coatlng

and

cement concrete applied on said waterproofing sheet;

establishing onto said waterproofing sheet a

secondary coating of cement concrete on sald adhesilve layer

15 of said

waterproofing sheet, thereby achieving waterproofing

of the tunnel.

2 .

claim 1,

The tunnel waterproofing method as described 1n

wherein said waterproofing sheet has a polymeric

sheet comprising high-density polyethylene, low density

pr——

20 polyethylene, copolymers of ethylene vinyl acetate,

polypropylene, or mixture thereof.

3.

whereln

4 .

25 wherein

5.
whereln

natural

P
p——

g

The tunnel waterproofing method of claim 2,

salid polymeric sheet i1s polyethylene.

The tunnel waterproofing method of claim 1,

said sheet comprises an uncrosslinked rubber.

P

The tunnel waterproofing method of claim 4,

said uncrosslinked rubber comprises 1soprene rubber,

P

rubber, or mixture thereotf.

12
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o . The tunnel waterproofing method of claim 1,

wherein sald waterproofing membrane 1s formed by

superimposing ends of waterproofing sheets on each other.

7. The tunnel waterproofing method of claim 1,

whereiln said establishing of a buffer-water conducting layer

1s formed by spraying a fibrous substance.

o The tunnel waterproofing method of claim 1,

P

wherein sald establishing of a buffer-water conducting layer

comprlses spraying fibres comprising polyester,

polypropylene, or mixture thereof.

9. The tunnel waterproofing method of claim 1,

wherein sald establishing of a buffer-water conducting layer

-

comprises affixing plates of i1rregular shapes.

10. The tunnel waterproofing method of claim 1,

wherein saild establishing of a buffer-water conducting layer

comprlses affixing a non-woven fabric using an adhesive or

rivets.

11. The tunnel waterproofing method of claim 1,

wherein said tunnel is a U-shaped tunnel.

SMART & BIGGAR

OTTAWA, CANADA

PATENT AGENTS

13
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