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2.0.1 tunnel
2.0.2 tunnel waterproofing
2.0.3 tunnel engineering waterproof
grade
2.0.4 waterproof concrete
P6
2.0.5 cut and cover tunnel
2.0.6 composite lining
2.0.7 soil mixing wall

2.0.8 whole charter waterproofing



2.0.9 partial outer waterproofing

2.0.10 joint waterproof

2.0.11 subsurface-excavation-method tunnel
2.0.12 mining-method tunnel

2.0.13 airless spraying

2.0.14 spray-on waterproofing

2.0.15 shield tunnel

2.0.16 immersed tube tunnel

2.0.17 pipe-jacking and box-cul-



vert-jacking tunnel

2.0.18 tunnel joint waterproof

2.0.19 hydraulic tunnel

2.0.20 pressurized tunnel

2.0.21 free-flow tunnel

2.0.22 highly pressurized tunnel

100m

2.0.23 high velocity tunnel
20m/s

2.0.24 waterproof gate

2.0.25 waterproof lock wall

2.0.26 grouting wall



3.0.1

3.0.3

3.0.3-1
3.0.3-2
3.0.3-1
2/1000; 100m2 3
0.2m2; 0.05L/(m2 =d), 100m2
0. 15L/(m2 = d)
100m2 7
2.5L/d 0.3m2

2L/ (m2 d); 100m2
4L/ (m2 = d)



.0.5

.0.6

3.0.32

3.0.9-2

500mm

3.0.9-1



3.09-1

3.0.9 -2



3.0.10

3.0.11

3.0.12

A W N



AW N

4.1
C30
2
. 2MPa)
P8
4.15
H(m)
H<10
10<H<20
20<H<30
HA30
v v
2
6
35%;
0.50

F300

320kg/m3;

0. 55

P6

P8

P10

P12

P6

P12

3%

5% ;



5 800X 10_6
3ml/mm2
4. 1.7 C15
100mm 150mm

1 250mm;
2 0.2mm

GB/T 50476

JC 474 GB 23439
4.1. 10

JGJ/T 221
4.1.11 Na20
3kg/m3
4.1.12
0. 1%
0.06%



4
4.2.2
1
GB/T 1596 | 1
C60
2
GB/T 18046
3
27690
4.2.3
1
1.0%
1/4;
T 14685
2
1.0%
14684
4.2 .4
JGJ 63
4.2.5
4 .3

0.5% ;
1. 5% ;

3.0%

GB/T

40mm

GB/

GB/T

- 11 .



1 1%
2 +2%
4.3.2
60s
4.3.3

43 .4

300mm
( ( 150mm
300mm
300mmo
2
12 -



4.3 .

4.3.

14d

4.3 .

4.3 .

4.3.

10

11

20=C

25=C

60d

0=C

5=C
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5.1

5.1.1

1

20m

20m

1.5

4.

P8

1

3.0. 9-1

1



5.2 .3
30mm 10mm

5.2.4 3.0mm,
1. 5kg/m2
1.5mm
5.2.5
5.2.5-1,5. 2. 5-2
5.25-1

(MPa) (MPa) (MPa) (MPa) (

>4 >1.0 >0. 8 >50
>2.8 >1.0 >1.0 >0. 8 >50
5.2.5-2
MPa) 168h 168h
(h)  (h)

(min)  (MPa)  (120min,
(20min) (MPa) (%) (%)
>20 >0.5 >0.3 >0.8 >0.3 >1.7 >400 >80 <12 <24

>0.1 >0.3 >0.8 0.3 0.5 >200 80 <0.01 <0.1

- 15



5.2.5-2

MPa)
(min)  (MPa)  (120min)
A50 0.2 0.3 ~0.8
>30 1.0 >0.3 >0.8 >0.6
1 168h
2 168h
5.2 .6
5.2.7
JGJ/T 200
5.2.8
GB/T 23445 11
5.2 .9
/ GB/T 23457
5.2.10
5.2.11
1
2

- 16

> 0.3

168h 168h

(h)

(MPa) (%) (%)
70.5  >350 ~80 <4

1.5 ~80 "80 <4

ID

5.2.11-1



5.2.11-1

SBS)
( PEE)
3 5.2.11-2
5.2.11-2
>4 >3 > 1.5 >1.5 >1.5 >0.7 > 1.2
(mm)
(
0.5):
>(1.5+ ~(1.2+ >(1.2+
>(4+3) X3 +3 N0.7+0.7)
1.5) 1.2) 1.2)
(mm)
>(1.3+ 1.3)
5.2.12
5.2. 12

17



S$.2.12

(
3mm  >2100 3mm
(g/n2) 4mm >2900 >2100 B
>800 >500( ) >200( ) >450 >200
(N/50mm) >500( ) »>200( ) ( (
>250 >200
W)  >40( o ( >30( (
rc) 25
22
rc)
0.3MPa 120min
5.2.1 3 5.2.13
5.2.13
TPO
A7.5MPa >10MPa ~50N/10mm ~500N/50mm 12MPa
) >450 >200 >300 >400 >500
rc) -40 -25 —20 -25 —40
0.3MPa 120min

- 18



5.2.14

5.2.14
5.2.1 4
>12
( - (N/10mm)
>12 >12
8 >12 —
(N/10mm)
168h
( >70 AT0 >70 - >80
(%)
20
— >15 >15
« - ) (N/10mm)
5.2.15
GB/T 26518
5.2.16 5.2.16
5.2.1 6
GCL-NP GCL-OF GCL-AH
g/m2 >4000
ml/2g) n24
N/10cm) >600 >700 >600
) >10 >10 >8

e 19 e



- N/10cm)

(cm/s)
mL)
g/100g)

GCL-NP
GCL-AH

5.3.1

5.3.1

5.3.2
5.3.3

- 20 -

N/10cm)

5.2.16

GCL-NP GCL-OF
~40 40
— >30
<5X10 9 <5X10-1
<18
~30
GCL-OF
5.3.1
D/L
<1/6
<1/6
<1/20
L
5<C

GCL-AH.

<1X10~1

3»=C



1 70mm

20mm 1:2.5

20mm
1:2.5
5.3.6
100mm
5.3.7 3.0mm
1.Omm

5.3.8

1

2
5.3.9

1

2

3

21



173 172

53.10 5.3.10
5.3.1 0
mm)
100
100
80
80
100/60 ( /
60/80 ( /
100
100(
70 80
80(
5.3.11
5.3.1 2
1
2
3
4

- 22 -



150mm
100mm;

5.3.13
1 20mm 1:3

5.3.1 4

70mm;
50mm;

50mm

3 20mm
1:2.5

5.3.15

54.1
1 5.4.1-1 5.4.1-3

23



3 42d
14d
5.4.1-1 5.4.1-2
1 2— 1 2—
3— 4 3— 4
5.4.1-3
1 2— 3— 4
5— 6— 7—
8— 9
5.4 .2
1
5. 4. 2-1);

e 24 e



54.2-1

1 2— 3— 4
5. 4.2-2);
8 11 10
5.4.2-2
1-- 2— 3— 4 5—
6— — 8— 9 10—
1 12— 13— 14

25



5.4.3

10mm 15mm

1 5kg/m2
2 5.4.3)
5.4.3
1 2— 3—
4 5—
6— 7—
8— 9
5.4 .4 ( )
10mm
20mm;
JC/T 984
5.4 .5
5.4 .6

3.0.9-1
5.4.6-1 5.4.6-3
- 26



5.4.6 -1
1 2—
3— 4
5.4.6 -3
1
5—
9
5.4.7
5.4.8
5.4.8)

3.0.9-1

e 27 e



3
5.4.8
1 2—
4
5.4 .9
GB/T 2518
5.4.9
( (7(TCX
A)  (MPa) (%)  24h) (N/mm)
(%)
62 5 >18.0 >400 <35 ~35

5.4.10

28

L:400>L 200

(70*C X168h)
( (MPa) (%)
A

< +8 >16.2 >320

GB 18173. 2
5.4.9
(70°CX
24h
100%) (WPa)
<20 6
®



7d 60%

5.4.11 5 4. 11
5,4.11
A)( 4247
MPa) >3.5
) >450
) >200
MPa) >3
) >350
) >200
20<CX2h)
2
1 80%;
2
3 50%
4
5.5
5.5.1
5.5.2
5.5.3

29



5.5.3)
5.5.3
1 2— 3
5— 6— 7—
2
300mm
100mm 150mm
1:3
3
5.6
5.6 .1
5.6 .2

e 30 e

2
3
4
5
6
4
38—
5 10mm
30mm
5m 10m;

50mm

1%



5.6.5

GB/T 20973
. 2 1. 15
100mm;

5.6.8

GB 50108
e 3] e



5.6.10

32

GB 50108—2008

8.

4.

2



L1

.1.6

0.5MPa
P10
1.7

.18
GB 50086

6.1

P6



80mm

24h

34

5.0MPa

.10

kN/m)

6.2.3

3h

300g/m2

~10
40 80

6.2.3

1.5MPa



6.2.3

CBR kN) >1. 8 —
cn/s) KX(10-1 10-3) K=1.0 9.9
kN) >0. 28
) 20 —
) 5 —
vou —
6.2.4
1 PVC) -
(EVA) - ECB) HDPE)
LDPE)
2
6.2.5
2m 4m 1.5mm
2
3 6.2.5
6.2.5
EVA ECB PVC PE
MPa) > 18 17 14 18
) > 650 600 250 600
kN/m) A 100 95 55 95
0. 3MPa/24h)
re) < —35  -35 -20 —35

- 35



(mm)
(80=CX168h)
[ Ca

(OH)2  X168h]

N)

6.2.8

36 -

6.2.5

EVA

< 2

< 6

MPa) A 16

)y ° 600

MPa) ~ 17

) > 600

y > 80

y > 70
1.5mm 300
2.0mm 400
2.5mm 500
3.0mm 600

ECB

14

550

16

600

80

70

300

400

500

600

PVC

13

200

13

250

80

70

300

400

500

600

5.2.5

PE

15

550

16

550

80

70

300

400

500

600



D/L<1/10

3
6.2.9
6.2.1 0

150mm
6.2.11

1

2

3
6.2.1 2

1

4

5
6.2.1 3

A W N -

200 m m

5d

2
150mm
15mm;
6.2. 13
100mm;



6.2.13
6.2.14

6.2.14);

38



6.2.15

@

6.2.16 5<=C
5<C
6.2.17

6.2.1 8

®

6.2. 15)

39



. 3.

40

100mm

6. 3. 2-1);

6.3. 2-2);
6. 3. 2-3)



TTTA-

6.3.2-2
1 2 3— 4
5— 6— —
6.3.2-3
1 2— 3— 4
5— 6— —
6.3.3
172
6.3.4
1

/4] -



6. 3. 4-1

6. 3. 4-2)

— —
™ —-———

N

< R
<
P

-

A A

U

6.3.4-1

8—

6—

6.3.4-2

3—

2—

8—PVC

42



6.3.5

80/20(80<=C

g/cm3)
N/Zmm2)

PVC)

300% —

300mm

35

omm

0. 4MPa,

0. 4MPa;

+20% )

0.10 0. 19
>0. 15

6. 3.

7

e 43 o



6.3.7

N/mm2) >0.15
N/mm) N0
+ 70°0) (%) <2.0
(g/cm3) <0. 005
) >100
A) ( 50 60
) <3.0
3.8
1
2 1/2
50mm
30mm;
4
500mm;
5
6
7
200mm
300mm

e 44 o



6.3.9

6. 3. 2
6.3.10
%O
3
6.3.11
6.3.11)
10¢jn
10cm
(a) b)
6.3.11
6.3.12
4
5

50mm( 6. 3.12)

c)

45



N

6. 4.

R W b~ W

N

e 46 o

100mm;

5m 20m

2% 5m

10m;



2

3
50mmo
6.4.8
300mm  500mm
1200mm;
6.4.9

6.4.10

0. 1%

5m

25m

JC 937

2% ;

1000mm



7.

1.

1.

48

7.1

L

1

30m



7.2
7.2 .1
GB/T
50476
7.2.2
C50 P8
7.2.3
7.2.3
GB/T
50082
7.2.3
C) (10-12m 2/s)
- S
56d
56d (cm)
<1000 <3 <1.0 1
1 RCM
2
7.2.4

7.2.4
49



7.2.5
7.3.1
1
2
3
4
7.3.2
7.4.1

e 50 e

GB/T 50476

0.3mm

2h



2 3
7.4.3
d~ BD(pnin—D/2)+ 4 (7.4.3)
8— (m)
Aiin— m;
D— m);
B---- m):
n— m)
< —
m)
7.4.4 7.4.2
T(
7.4.5
L L
7.4.6
7.4.6)
7.4.6



A= (1 1 15)A0 (7.4.7)
A ————
A O0—
7.4.8
7.4.9
1 7.4.9-1
7.4.9-1
1 n
A ( 50 60
50 60 60 70
5 5 5
MPa) > 10. 5 9.5 10
) > 350 350 330
70€X24_<=h,25K < 30 25 25
) B=CX72_<h,25% < 20 20 15
< 8 6 6
) < 20 15 15
0=CX96h
) < 25 25 25
1
120%;

52



7(TCX24_Jh 25%
2 7. 4. 9-2
7.4.9-2
PZ250 PZ400
A ( 42 10 45+10
MPa) > 3.5 3
) ° 450 350
) > 250 400
MPa) > 3 2
)y 350 250
) > 250 300
2CTCX2h)
80%
3 7.4.9-1
7.4.9-2
7.4.10
7.4 .11
1 2.5 25mm 55mm
5mm 10mm;
2
3

e 53 e



7.4.11
7.4.12

7.4.13

7.4.9-1 7.4.9-2
54 e



7.4.14
GB 23440

7.4.18

7.4.19
e 55 e



.4.2 0

20m 50m
.5.2

C35
4. 1.5 P8;

® 55 e



8.1

1.1

o N ™ T 1 © ~ ™
—i
o

5.4

GINA

.2

e 57 e



1 G

2 GINA
3 GINA
8.2.1 GINA
A) (
MPa)
)
0=CX 24h) (% )
)
0=CX168h
A (
70<CX168h) (Gram/m2)
4 GINA
8.2. 1)
8.2.2 GINA
1 GINA

e 58 o

INA

8. 2.

65 5

>400

1

65 5

~15

~400

< —15

< —20

N+ 10

<5



@ d)

8.2.1 GINA
1 2—GINA 3— ;4
2
3
8.2.3 OMEGA
1 OMEGA
2 OMEGA
3 OMEGA 8.2.3

8.2.3 OMEGA

A) ( 65 5
MPa) >17

) >450
70=CX24h) (%) <20

59



7(TCX168h

70 =Cx168h) (Gram/m2)

N/mm)

4 OMEGA

8.2.3

8.2.3 OMEGA

1 d—OMEGA
GINA
OMEGA
8.2.5
OMEGA

8.2.6 OMEGA

e 60 =

3—

) -
) A5
A ( <+6
<20
5
8.2.3)
2
5
GINA
GINA



1
2
3
4
5
8.3
8.3.3
8.3

100mm

PVC

150mm

20mm

- 61 -



4.

62



L1

.2.1

.2.2

9.1

C50
C35

P8;
P8;

JC/T 640

e 63 e



64

02358

9.2. 5)
85%

9.2.5

9.2.3)



9.2.9

9.2.10

9.2.11

9.2.12

9.3.1

24h

HG/T 3091

GB 8923

3<=C

Sa2.

e (5 e

5



9.3.

2

9.3 .

9.3 .

9.4 .

9.4.

9.4 .

9.4 .

- 66 -

9.

5<=C

85%



9.4.5

80mm

3 <f »-

67 -



10

10.1
10. 1. 1
10.1.2
10. 2
10.2.1
3.0.
10.2.2
10. 2.3
1
2
3

. 68 .



10.2.4

10. 2.5

10. 2.6

10. 2. 7
DL

10.3.1

10.3.2

5073

10.3

LX)

7m

e 69 e



4
1000m3/ h

10.3.3

10.3.4

e 70 e

50%
8h
1000myh
y = 2(0+ 3000)
m 3)
m 3)
4h
50%
30m 50m

(10. 3. 2)



10.

w

D
2)
3)

4)

0.6

0.6

0.5m

6m 8m;

2 4
35 40
1:0.41 :1

1.2

1.0m

1.25 :



2)
2.4 2.8
1:0.3 1:0.6
10.3 . 6
1 6m3/h

1

100mm

5 0. 5MPa 1.5MPa;

30L/min;

72



10 .4

10.4 .1
10.4 . 2
10.4.3
€25 P8;
C50 P12
10.4 . 4
10.4 . 5
2mm 0.5Mpa 72h

10.4 .6

10.4 . 7

10.5

10.5.1

cc



10.5.2 cc >3

3.0.9-2
P8
105 . 3
10.5 . 4 5<=C
10.5.4
10.5.4
o) m)
-10-—15 1.0 1.5
-15-—25 1.5 2.5
<-25 >2.5
10.5 . 5
2% 150m 400m
300mm
5%
10.5.6
U DI VI
2% ; 3%
105 .7 30m 50m

74



10.5 . 8

10.5. 9

5% ;

10.5.1 0

v i

5%

250m

I100mmX 100mm;

50m

15=C

Im(

100mm



10.5.1 1
1 3d 5<=C
3C 30%
5MPa
75%

5<C

0=C; €=C

10=C 25mm

6. 3

2(TC
10°C 15°C

0=C 5=C
15=C
10.6

10.6.1

e 76 o



10. 6.2

o 0o b~ W

10. 6. 2-1 10. 6. 2-2);

( 10.6.2-3 10. 6. 2-4) ;
JC/T 2041
10.6.2-1

g/cm3)
mPa es) "
pH
9

42. 5MPa

GB/T 50448

JC/T 2037

JC/T 1041

(  10. 6. 2-5)

10
6.0 9.0

7



- 78

10.6.2-2

cm/s) < 1.0X10-6
kPa) A~ 200
> 300
) >
10.6.2-3
L
g/cm3) > 1.00
mPa es) < 30
min) > 30
10.6.2-4
L
MPa) 40
MPa) 5.0
MPa) 10
MPa) 3.0
M MPa) > 2.0
MPa) > 1.0
)y > 300
28d

30

1.0X10-7

400

600

200

30

70

8.0

15



10.6.2-5

g/cm3) >
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