SREEIR _

NS®E ZRBORE

& 4~ & % il & AR 2

China Communications Press



@ Ema T IRER AT R B R

i EERE I TR A PR AR

Durability of Subsea Tunnels

XRE =8E R3S

(I

AL R XD R AR 42

~ )
i

.o 14472342



B R E

AL ST UG BT TR it A B0 R R SR L R A T AR 4 T 24 1 Y T B 2 T
ﬁfml%‘z#'.:Mﬂ‘m%m\%ku%ﬁ%“ﬂwﬁﬁﬁrﬁ]&,u&ﬂﬁ%ﬁﬂﬂﬁ\%mﬁu{%l‘ﬁ%ﬁ@n £
B AE,

A AT AE R B GE TR T AR S AR A RIS 2B SHAER AR THRE &
FRABERARENEISZS,

B HE/M% B (CIP) ¥ 7

HEIRREE TR AR/ BT, £ B ERE .
—dbE: AR Hi A, 2010. 8
ISBN 978 —7—114—08658—8

L.O%: II. Ot @2~ II. Ok TR E—k
ETHE M LHEA R V. QU4L59. 5

AR A B 548 CIP B4R B2 (2010) 45 173093 &

3 i BIRRERGE TR A MR A

EE HRSE EEF

BEHSE: T & (wx@ccpress.com cn)
HARZAT: AR5 H Rk

ih HE (100011 b 5T 77 5 BH X 42 58 1140 SME AL BT 3 2
[ ﬂ]::http://www.ccpress.com.cn
HEBIE: (01059757969, 59757973

B2 g N RS R A R AT

% §H: %5 OB R R

Ef Rl « 1L 33 2 D A 43 A BR 2 ]

A 787X960 1/16

12,75

m:1

#.220T

W:20104E9 H H1 IR

K:20004E 9 H &5 1 RED I

S:ISBN 978—7—114—08658—8
#:35.00 JG

CHn BRI 2 3T J5i &k il S50 £ P 45 by A4 75 18 )

& 3 F 4 8f 3 H



BEBERAWFSZIRFOHNS KRB NDBBREBSHEFESX, B 20
30 FRE HRAARABEAAR I CRABERE, KEFERIERRRSRR ,BEX
EBLRG, MEERRFHRXEFEHREGATH R R HE I, B/RB E B A
FEBEARREERMBEEHRIRE, R, AN 20#e 70 FRE, X RXEBRHES
AR TIL TR AP TFLER N , FEZHSIRT BANMNMERTRIRFHETAR
Rk, BEBRETRLAEFERTBORREP , TULAL 2o R F & EEM TI2eH T
A  RREITTEOFAEREERR , GRAHIRE, BLSHL HREBAEHI
TOMARARXRBRBEE TR A 6P,

APBREBRITI"T B "HRERLFMAR IR L e B b HF R (2009CB623203) ™,
EBRBAFFERTESTNE " BEBETIESNEINESH PR RS R (50739001) 7,
HEHB L L AR A CEFTHEATHBERENHRB L SCINES SHF FTNTFR
(20070429001 )" #o 7 B EE R W APR - S (FREIRTH )FARIBA"F B BUH BREE
RIS AR A EHT I A TT 4 (20063702001811) " % ¢4 3= /51 3% By F #F ST 45 9%
TREY, BHFESNE,

B—EMART B/RBRELE SATEBRE P e Lo ER, X H AR E a2 IR
MK Fo R B RAITRS 247 533 BIREE 65 TI2 FoINK 55 &, M BA & J& Mk w
AEFRGBEZZEX  FHEPHHARATTIBENLE,

B MARE BRI AT AP ERREMBARETFFIE, 52T TAE
MFEEREMAEEREZEASESIEFT . SSBRMEBEERESREIAE, ME S
I ERBREMARESILOBERMRA F,

BERECHBBRBRESRAAREFT S, 2T X PEHNTRRBRLRAHHOHE
RKAFALABENBIBRAXPFBR (BR)XIPEWH R HEIF BRELIR
THEA A& A T B AR LE 3 AR .

- 1 b=



BEOENFARLBAENZT —RIFTH:RFT LH R HEIF BRSHLIRIT &4
R SHAEFo e TR BRIERA,FIFRT BEME —RITHR R L EMESFH 1L
VIR AEGINERIE S S ESRMHEBEMBE —RFH:RM LM, #TT F ik
ey 7T 5t HE,

BEZE S IBEREB R RKREASERTERAEZ AR T IR REF
B TR E TS R R LGN B RIS ARBERBT N FTE S T BIRME
5 HR o B GRS AR IR A R PF RO R GORITES R,

BNRNEHHBEBRETRERBRAFSKEFT SR . 7T FEEZ R KB RH
B mAA S BERE TR AESFEPERR  ESFHRMHEBERERE REY T
EA@FIrPREF REHIRITRM,

BEEBENLBT EHFTAELENIERFI RN B EBIRMEE T2 BN T K,

BANBEPFIRIT T BRIEE TIRTE RO T RS,

EAPOHRIBIRP BEHARAEST B T L KM AKLITRHLH L
EmRFMK T A8 T1E,F. H Wittmann PR+ RFEHIXRHFEITHIZETERL,E
R R R BB, Fed  JERMAGB BRMULEARE KFHAFHEBESZW
HIE > DFEHRHRIFRTEM,

BT EEGONRFHR,HPREARBIRN R R, 8KIFFITH " KR HF IF
JEIE,

e
20103 HTFES



7\

R RS TR A EEA

LY,

g1E i e

1.1 YGRS B HB AL FIAEFH o ore e veeermee e s st
1.2 EHIMERBEERBIVRBERBRTR oo
1.2.1 EAMEEB B IRBETE -ocoree e e
1.2.2 Emﬁg%ﬁﬁﬁﬂ&&%ﬁ.nm"m”m“m“m“m".n”“m s #
ces e 12
- 13
- 14
- 17
- 20
- 24
- 27
ceee 30
- 33
- 35
- 38
+ 39
+ 43

1.2.3 85BN KRR E TREA

1.3 Er%ﬁlﬁﬁﬁ&mﬁﬁﬁﬂ.mmmmmmmmnmNmMm"

1.3.1 MWEBEE TR -

1.3.2 MWEBE TR AR v
1.3.3 YGRS TR AMERFITHE R or v e rnrornnnenesnenee
1.4 $%MI§W§.MHWHWWWMHMMW”

% 3K -

g2E ﬁﬁ%ﬁmﬁﬁﬁMliﬁﬁ

2.1 #& -

2.2 W%@?ﬁﬁﬁ%ﬁmk%m I
2.2.1 Iﬁgﬁ%ﬁ%ﬂﬂﬁﬁﬁm%&ﬂﬁ

2.2.2 REBSMBEEME
2.2.3 WAKEHTK:
2.2.4 HMFFEREEW -

2.2.5 HGEMNBEEEREE TR oo
2.3 qur mzwﬁw%ﬂmﬁr%ﬁmﬁm@%m

2.3.1 MWIRBEBTHERA oo

2.3.2 iﬂﬁ%mﬁ/iﬁ&ﬁ%*’a&ﬁ%ﬁ%iﬁﬁ

o N DN = =



2.3.3 JEA R RIRE LA it -
2.3.4 PBiHEKBEIE

2.3.5 BIEIRBH ARG HE <o cveooeeervrrsomrmnsee s s s e e e
- 46
- 47
- 47
- 47
- 50

2.3.6 H@Iﬁﬁﬁgﬂ.................................
2.3.7 BEEBSZEER -

.4 ﬁﬁ%?ﬁﬁr%ﬁmﬁﬁ%?m

2.4.1 kK -
2.4.2 HWRMEA

Z% 3K -
¥3E ﬁEELMﬁi#miﬁ

3.

L1 Gmscd
1.2 BREBOXY -

KUY coeee

L7k 2eg

. . . . . .
[a%] [a%] [a%] 3% Do Do

1
2
3
L4 HERAK
5
6 ypm;m

ﬁ%i?%%&ﬁ"m
JRBA R i

WWWWW?J
D Ul B W DN

UG o S B S AP A e R R

4.1 JEMEER
4.2 HIFEESR
4.3 BiHhn By B kA e -

5.1 [EAPH ceevescerennen

1
3.
3.
2
3
3
3
3
8
3
3
3.
3
3
3
3
3
4
3.
3.
3.
5
3
3.5.2 RSB

15 B B WS E BRI LY oo eorvrsmerssnereesesmns st e st e i

- 44
- 45

46

. 51
tecesensessasesesessssessassasssssssssces Hb

VBB TITE IR v v eremvemeemmmsoseses e e
. 56

@Egﬁiﬁ#ﬁ@ﬁiﬁﬁﬁﬂ.WWMMMWMMWWMMMWU
. 60
é&]%*\;l’ o e oo s ae eec eee ses saaans Bes see aee Pes Ses ceeenaass saaste ses et see seenas st st san
ﬁgu*:_l, s e cec see seeess ses sesses ees ses s Bt see see e ans s sse see e b0

55

60

62

. 62
. 63
. 63
. 65
. 67
%ﬁ?ﬁ&iml&% e sas seeees ese s6s B es s8E 88l 80 E E0E AN B0 SE0S0ER0s RN SEERE0 SR RO BUE
nﬁﬁ?a&iﬁj%%* e e ses ses ese e s e s SEE BEE 808 SEE 088 800 888 00EeEs B0 00s PRE BEE SO
”ﬁ%?ﬁﬁim%bbﬁj{‘b 486 888 885 E68 S84 880 B8 06 88 080 G0 000 580 S0N EEI S0 B0 PRI BEE PO
g R B I Hmﬂaﬁymkﬁ&ﬁﬁml.MNMMMMMMNW“

oo 78
.79
. 80
. 80
v 80

65

T

73

75

77



- 84
- 86

%%Kﬂ
Fa4E ﬁfﬁL:&ﬁm&ﬁiMRﬂ
4,

.1.3 ﬁmﬁmﬁﬂ%ﬁ

2,1 %%ﬁ%iﬁﬁﬁﬁ%*

2.2 MGJREREE TR EIIREE LR A METEGY wovvvevrermmmreorn et i e
- 95

2.3 R ENREE L BRI e e

3.1 BEERBIREEN S 2K
2302 BEIE AT RAE Y R

- 87
- 88

81
83

86

86

87

88

89

99

s 99

«-es 100

(3.3 BV BRSO E £ O S BB TFSE oo e s
. 3.4 %ﬁ*ﬁmg%%yjﬁﬁmu Ce st ssssass st ses aasBss s s ssasatate sEb tee s Bss sas saa At

AL TR IR BE L A HE T R R

A2 TYRTRIREE L AR TR RARW oo vhoes
T JB U BB A ¥ IR R I U W TR B+ A TR A PR

=~
ol

4.5.1 MG EEEPIAEER coecerereceesniones
4.5.2 |ETVHOIARE

TR L T RIREEE] e
- 105

1

4

4

4

2

4

4

4 S PIR—————————
4.3 BEWRIBE L EITFRRBTES cooccerrreemimmiiin e,

4 .

4

4

4

4

4

4 « 113

101
104
105

- 115
- 116

4.5.3 KR SRR IRIR A ATTI covvervvrornrereee it i e
- 123

BHTCRR oveererreerrennsnnns
FS5E BREERHHKRZHAME

5.2 BEIRIE IS REE B HE K R GE I A -
5.2.1 BiHEAK T RIEIF covveeeerereees
5.2.2 Bk FR G AMEARIE RS HE

5.3 m%%?@ﬁ&%iﬁwjﬂ(/%%mktﬁ B D S R SRR

5.3.1 BT S RHIKBRYE cooerevvrereenenneans

5.3.2 BIK BB ANMELRIEREHE wvevreornrerorreermneseaeii .

< 3 B

118

5.1 WREBEREER R GER A LM B EIAE oo sxooor csnvsn vavnny onsosaniane sorons sss

127

- 128
- 128
« 129

- 133
- 134

. 134
. 134



5.4 Eﬁ@ﬁr%L%mgﬁmkﬁ R R e

5.4.1 Bk #IHEREM -
5.4.2 Bjj)j(,%gﬁmkﬁﬁﬁfhﬁﬁ

6. 1 @ﬁi%@%ﬁﬁﬂ

L2 pRBBGURAEE e

1.3 HifEs e - O
@&i%ﬁ%ﬁ&%ﬂ%ﬁ

L2.1 BB RIGORH B K BOR -

2.2 BEBGRMEE FRAMEER

(=2}

6.
6.
2
6
6
6.2.3 BB XTALBIELUE -vcvvvveresrrmen e
6.2.4 BBERBK XHREE FURBIATRLI  -oooreeer e
3 BB ST RBEEIR P oo ereereerre s sseeri i
6
6
6

(3.1 BRI B AR e
(3.2 UBEM RS TR A B B 4

6.3.4 RUERIERIAHEE R

6.4 %%&M%@f%ﬁ%ﬁﬂ@ﬂ%ﬁ@ﬂﬁ%

T i R —

7.1 W AR NI R R
70101 T A M I R R A
70102 A M W A B
7.1.3 TR M W Y R R

7.2.1 Tt A PRI B R 426
7.2.2  PHAR B A PE W I EE R -

7.3 T 5 JBEN VS VU R A W A M T SR -

e T TR
£8E BEBREIECEEHMAERER

-g 4 P>

. 138
- 138
- 138

: - 139
. 141
- 141
. 142
. 143
- 143
. 143
- 145

141

147
147
148
149

- 149
- 149
23 ﬁiﬁﬁi’?ﬁ’ﬂ‘ﬁﬁﬁkﬁ‘]ﬁ?“ﬁ T I T T R L

151

-~ 151
- 152
TR PR TR 1)

%75 ﬁ,‘&'ﬁl—miﬁﬁﬁ]ﬁ* vemimeis sivsisiain s Egjesis sisiarblbis mensaisis swaaims sieeran bisjaisiew eieies 8
. 159
. 159
- 160
B L T T PR T Ko 10

7.2 WEREREIE TARTHABEMEME AR corveeerrenemrereseierness e setesis e e sens
. 161
. 165
. 169
. 171
8.1 WIEkE TS g@mﬁ#q@memmmmmmmmmmmmm

159

161

174



201 IB7ETE RN R R H TR AP R R
2.2 REERITKX -

W 00 0 0o 0 DN oo oo

8.3.1 i ik it B K K S KU 1 52 48 B
8.3.2 Vi i bk i LR 1 5 R 4 L
S 30k

.1.1 ﬁﬁ%ﬁl&ﬁ#%ﬂhﬁ%ﬂ “ee ste esacsaass ses ses sesese EEs Ee et Eee o0 ses snn e
'12 ﬁﬁ%ﬁ%m%gﬁ‘g%;ﬁ eeeces secens st esesee st ses sen see see ses cee Bt ses ses sen Boe
. 178
. 179
2.4 ?&E%Eﬁm%ﬁg&*...........................................-....-.........-.

- 180
cer 183

- 186

174
175
178

180
180



DURABILITY OF SUBSEA TUNNELS
ontent

Chapter 1 Introduction - -1
1.1 Main Tasks of Subsea Tunnels -1
1.2 Overview on Subsea Tunnels in China and Abroad «---:---- -2

1.2.1 Overview on Subsea Tunnels Abroad «««==ssseererevee - 2
1. 2.2 Overview on Subsea Tunnels in China - 8
1. 2.3 Jiaozhou Bay Subsea Tunnel in Qingdao 12
1.3 Characteristics and durability of Subsea Tunnel Engineering - 13
1.3.1 Characteristics of Subsea Tunnel Engineering == 13
1. 3.2 Durability Aspects of Subsea Tunnel Engineering =+++++sseeererececncanccciiiiees 14
1. 3.3 Research on Durability of Subsea tunnels *+* s+ esrerreeerteceraieiinicnnaiiiiiiees 17
1.4 Main Contents of the Present Monograph - 19
References - - 20

Chapter 2 Factors Affecting Durability of Subsea Tunnels «:---::ccceevereerenieains 22
2.1 Brief Introduction - 22
2.2 Influence of Environmental Factors on Durability of Subsea Tunnels

- 23

2.2.1 Regional Environmental Conditions and Classification of Environmental Actions
.o 24
2.2.2 Regional Climatic Conditions e 27
2_2.3 Seawater and Groundwater ®se sss sseceecss ses sss eos e srs sss B e se s e ReE SRt oo sue 30
2.2.4 Other Environmental Factors - 33
2.2.5 Enviromental Analysis of Qingdao Jiaozhou Bay Subsea Tunnel *++++s=eeseeceeeee 35

2.3 Influence of Design, Construction Technology, Maintenance and



Management on Durability of Subsea Tunnels - 38
2.3.1 Brief Introduction on Construction Methods of Subsea Tunnels «++++++==+==+--+-+ 39

2. 3.2 Different Types of Supporting Structures and Selection of Durability Design
Parameters - 43
2.3.3 Selection of Raw Materials and Design of Mix Proportion of Concrete, ==+=+++*+ 44
2. 3.4 Design of Waterproof and Drainage =+« ====++tsseeeeee- - 45
2.3.5 Additional Measures to Prevent Corrosion - 46
2.3.6 Quanlity Control During Construction +==+++++tsssssseevscsesosnissstennanereees 46
2. 3.7 Maintenance and Operation Management =+««++eeessee- - 47
2.4 Influence of Accidental Factors on durability of Subsea Tunnels -« 47
2.4.1 Fire - 47
2. 4.2 Earthquake 50
References -51
Chapter 3 Durability of Initial Support in Subsea Tunnels -+ +-+-+-+-seeeeeeeeiinis 55
3.1 Main Types of Initial Support in Subsea Tunnels -+-+=+ereereeieaiaiien 55
3.1.1 Bolt and shotcret support 56
3.0.2 Segment SUppoit. oo eseses sesnes sucons saon s susens s GATY e nsasshnss s idnine B
3.2 Raw Materials of Concrete Used in Subsea Tunnels ++-++eetveeeeeens - 60
BoZul (Clerpent v veves somurs voriesy pesioss winen s ssuisnn Sanipne seh was NI ERe bsan s innh sasins (GO
3.2.2 Fine Aggregate 62
3.2.3. (Coarse AQRregate = »+=vessmvwss covass somavs vuxsvs ess S68s N T¥Sass $hs 08 64 s 62
3.2.4 Water #0080 s s e e om0 e te s ae B s BEs 08 s Sas e s Pl e s s e se sae seasan e ses nen e -+ 63
2.2.55 ‘Mineral Bindeps =rer swsies vosens yosivssssi wasves esises siaass soese 55 - 63
3.2.6 Chemical Admixtures ++++sssssessssseetstsieerstonunsnenerineeanseinnsresainens 64
3.3 Durability Design of Bolting and Shotcreting «--+++=ssseeeeee - 65
3.3.1 Structural Design of Shotcreting in Subsea Tunnels ¢t ssssseereeseecaciniiiiens 5
3.3.2 Requirements for Raw Materials *r+cesereeeeceenes - 67
3.3.3 Shrinkage of Shotcrete +ser+tessssereerirnssensuiuiseisian, 2 7]
3.3.4 Production Requirements of Shotcrete =eseertreseceiieriianiannss - 73
3.3.5 Optimization of Mix Proportion of Shotcrete — s=+sertsstsssteiteniinnniiiiiiiaee. 75
3.3.6 Quality Control of Bolting and Shotcreting in Subsea Tunnels « 75
3.4 Durability Design and Construction of Segment Support in Subsea Tunnels -+ 77
3.4.1 Requirements for Raw Materials *tseerterereceecniiiiciiiennan. e 77
3.4.2 Production Requirements of Segment Support: e+ +seeseseeastatciiianiiiiiiiiinae. 78

< 2 P>



3.4.3 Additional Measures for Corrosion Prevention ««+«ssses=et “ 79
3.5 Bolting and Shotcreting of Jiaozhou Bay Subsea Tunnel in Qingdao «++++«-- 80
3.5.1 Raw Materials - 80
3.5.2 Mix Proportion + 80
3.5.3 Grouting -ee 81
3.5.4 Quality Control - 83
References - 84
Chapter 4 Durability of Secondary Lining in Subsea Tunnels - - <= 86
4.1 Introduction 2 i, S0 R 15,8 R0 S meinie e ieiem e eieuaiioneie B siadmies @ VLS8 B Rine - 86
41,1 Function of Secondary Lining ---«es+«ssssaseess vrsose seonse sosens sasses sens . 86
4.1.2 Principles of Structural Design of Secondary Lining + 87
£1.3 Dificiaions of Secondury Linjgg ~ < ovnsss vsiess spsirs vessni ss . 87
4.2 Required Performance and Concrete and Optimized Mix Design «+«++++: 88
4. 2.1 Required Performance of Secondary Lining <+ 88
4. 2.2 Experimental Data on Durability of Concrete e 89
4.2.3 Required Composition of Secondary Lining Concrete ==« +++ =+ +sssrssseses <=+ 95
4.3 Crack Formation and Crack Control <+ 99
4.3.1 Classification on the Crack Pattern of Lining in Tunnels <+ 99
4.3.2  Origin of Crack Formation 100
4.3.3 Shrinkage and Crack Resistance of Lining Concrete for Jiaozhou Bay
Subsea Tunnel *e+ccecseseceeectctsentteerecennetcnsosennns - 101
4.3.4 Crack Control of Lining Concrete in Tunnels ==+ +ctscsesenereeniiniiiiiin. 104
4.4  Construction and Quality Control of Secondary Lining Concrete ««««- 105
4.4.1 Construction and Quality Acceptance of Secondary Lining Concrete *+++++++=+=+ 105
4. 4.2 Testing of Secondary Lining Concrete <o 113
4.5 Durability Design of Secondary Lining in Subsea Tunnels Based on
ChIOride DiffusSion =o= s eeereemsmee et et aeeeee et ceeeeeeeseeseaeaneansss 114
4.5.1 Mathematical Models for Chloride Diffusion 115
4.5.2 Parameters in the Model and Prediction of Service Life 116
4.5.3 Prediction of Probability of Corrosion and Failure 118
References - 123
Chapter 5 Waterproof and Drainage Systems to Improve Durability of Subsea
TIIINENS) 555 5 55555 & 55555 5 5550 wannn siewr et ramesivi wiars . 127
5.1 Significance of waterproof and Drainage Systms for Durability of Subsea




TUNRELS e ceeeeemereteietiianuitiiieientiitettonesetnsesssoacsotsessososncessnsans
5.2 Waterproof and Drainage Systems for Subsea Tunnels Built by
Drillblasting Technique
5.2.1 Schematic Design of Waterproof and Drainage Systems
5.2.2 Measures to Obtain High Durability of Waterproof Systems
5.2.3 Measures to Obtain High Durability Immersed subsea Tunnels
3 Waterproof and Drainage Systems of Waterproof
5.3.1 Principles and Standards for Design of Waterproof Systems
5.3.2 Measures to Obtain High Durability of Waterproof Systems
4 Waterproof and Drainage Systems for Subsea Tunnels Built by Shield
Technique
5.4.1 Principles for Design of Waterproof Systems
5.4.2 Necessary Measures to Obtain High Durability of Waterproof Systems =+ -*-
References
Chapter 6 Surface Protection of Lining Concrete in Subsea Tunnels
6.1 Materials for Surface Protection of Concrete
. 1.1 Protective Surface Impregnation
. 1.2 Film-forming Protective Coatings
. 1.3 Surface Decoration
Surface Protection of Concrete by Surface Impregnation
.2.1 Water Absorption by Surface Impregnated Concrete
. 2.2 Influence of Surface Impregnation on Chloride Penetration

. 2.3 Influence of Surface Impregnation on Carbonation

6

6

6

2

6

6

6

6.2.4 Influence of Surface Impregnation on Frost Resistance

6.2.5 Influence of Surface impregnation on Steel Corrosion

3 Surface Protection of Concrete by Film-forming Coatimg

6.3.1 Water absorption of Film-forming coatings «+===ssssrtreverrennreiannicncinen.

6.3.2 Influence of Film-forming Coatings on Chloride Penetration

6.3.3 Influence of Film-forming Coatings on Carbonation *++++++sseeeees

6.3.4 Influence of Film-forming Coatings on Frost Resistance

4 Proposal for Surface Protection of Concrete by Surface Impregnation
at Jiaozhou Bay Subsea Tunnel

References

127

128
128
129
133
134
134
134

138
138
138
139
141
141
141
142
143
143
143
145
147
147
148
149
149
149
151
151

152
155



Chapter 7 Durability Monitoring of Subsea Tunnels ----

159

7.1 Significance of Durability Monitoring - 159
7.1.1 Definition of Durability Monitoring 159
7.1.2 Importance of Durability Monitoring «+++s=ssseee - 160
7.1.3 Development of Durability Monitoring <+ 160

7.2 Monitoring Technology for Durability of Subsea Tunnels «+«««--- 161
7.2.1 Classification of Monitoring Technology 161
7.2.2 Anode-ladder System for Durability Monitoring ++=**** 165

7.3 Durability Monitoring at Qingdao Jiaozhou Bay Subsea Tunnel - 169

References - 171

Chapter 8 Guarantee Measures for the Durability of Subsea Tunnels in
SERVACES! o 515550505 553 5105 Sie i wrn wrcossiarn mmvimiaios i e s 5 mreies MEWIHEE Saiioss B . 174

8.1 Maintenance and Repair Management of Subsea Tunnels in Operation

- 174

8.1.1 Maintenance and Management of Subsea Tunnels - 174
8.1.2 Repair Management of Subsea Tunnels =+ +«+os ssssns casman axouss sonmas sosisss vos 175
8.2 Ventilation System of Subsea Tunnels in Services - 178
8.2.1 Significance of Ventilation for Subsea Tunnels - 178
8.2.2 Different Types of Ventilation of Tunnels =+ +ssesererereieeceeieniiiinna. 179
8.2.3 Selection of a Type of Ventilation for Subsea Tunnels - 180
8.2.4 [Energy Saving Ventilation Technology for Subsea Tunnels =++++++sssseeeeeeces 180
8.3 Measures for Disaster Prevention of Subsea Tunnels in Services 180
8.3.1 Measures for Fire Prevention, Extinguishing,and Post-Fire Rehabilitation 180

8. 3.2 Measures for Seismic Strengthening and Rehabilitation 183

References

i
&Y

- 186



ok T Ve e () 5 3 5 B 6 R 2 DA B A 0 A 1 2 e T
184 2y 1k 5 30 B A L S A 98 U R S A 5 TR . R — e K M 1 9 T B T
FEIEFERRRI R . AT, A3k B 5K (034 2 Bt B T 72 (R FE SRR ) B BB
Ao A Y i R TR 5 R ASE A A ek L R 2 A R T R M SR e M
i B T T R IR BT AR 45, 00 {0 7 30F 94 VG o 38 0 7 4 PR A 5 i, 12 51 iR T
HEBAS T E

11 & &BE 42 Ao £ A

BB T X EEA =F 0 RS EE, BB TR2 5
RWRBCK I A R B, 38 W aa S i/ SR (], B AR 4 e 53 449
WRAL. 5 i e i) 77 2R ik 2 4 A 16 22 W JFG O OS5 5 005 K AR 22 0 A v L 3
PR R IE 2 BT, T AR RS K SCHT B T AR B A S BR O DL R TR A
BERERAN, 23 R WM R GBIETE" . BEFREETEE KRN,
HEBOEE R BB Z SRR R W . 15 B R K A0 06 R B e sl
K EHEHREE EESEFRBLOZERN KBS L LMNOEN, BA KT
TTREST SO T R @ AL ; 7 i 58 B A BRI R AE N M HE M FIRE %4, %
SR, B AT ISR — R K .

VR ok T2 7 VPGSR S O T M TR 5, (I A R T S AT 0 TS . —
JRER 5L o ¥ TG B T 204 W A B R S B R B =4 . LR R R R4, B
SRR B B R 51 o Tk B . T L VR R S o b 5 5 1 4 R
OF s RS AR AR, 3 B ik (6] B S S R B K VR

Fﬁ%?ﬁ@@%Z}:iﬁﬁiﬁi@fﬁ$ﬂ%ﬁ§,@ﬁEiﬁ/\iﬁﬁ‘]fﬂﬁ&‘iﬁ@%,ﬁf?i&
—HRREREY LB SR AR EENE L. R, M R 2 5 % R
ﬁiﬁﬁﬁﬁﬂ@%ﬁ,ﬂ\%ﬁ@%%[331Vﬂiﬁiﬁi@%lﬂ%ﬁﬁﬂéﬂﬁiﬁ*ﬂﬂ%\%@Fﬁ]H‘JB‘E%@@
AL WL SRATALE 5 TSI 11 1) T , Y e 52 R D 2 B RS AR 22 Fy T 00

“ 1 B



ﬁfi@ﬂﬁﬁl&mﬁ\’&ﬁ*
../ Durability of Subsea Tunnels

1.2 B Astig k& #GAKELEWF

S b K T RS GE R 1825 ~ 1843 4F ] i T 119 3% [ 22 0 + ) K Bk . 5
PR KT BEREfe 15 VR A BE BRI C  VEG R DL L & A R B v)\%
5 Vi W S ) B 3 7 ST N A R R R A [ S S R 1 — o 4R
B LRBRH RN, HEERN THEBRENT MM TS, B Ega
B SO RE 5 i S A AT Y T L RE R R

1.2.1 ESBREERRIVRRAIS

W AZXEKA 20 e 30 FRERT BB G RBEE. 56 HEBEN
FEREZAHRE A E A E L E R AF T2 K 8 2 010] | g R oz
EHT E AT E AR B A A B VR T e 3 5 I 1

AARBFEEBKEENER. 20t 40 £/, B ALE X 15k F 5 H 1
e T A b R RS, K 19, Sk, 2 JE NIRRT B T &K
BEIH. 1988 4F HATEMBIGUEN 7L FILH A FBKMHREE — 5 %k
JIRRETE . 7 R JIG B B 2 — A BT DR S I B (B 2 11mL 8 9m) , B9 8
TAM G B 2 R g8k B2 i (B 1-1, 08 1-2), B 2K 4 53. 85km, H b i i
#5323, Skm, B KKK 140m, ¥R K 100m, H 4 H kR4 . K HF 1Lk
i T . 7 BRI IRREGE 1964 4F FFE A5, &3t 24 EMHE T, T 1988 48 3 H 13 H
EXBAZE. TREEN 100 {23855, AN, T 1997 45 12 A8 % 49 B A Z 200
BTG 20 B BRIE , 24K 15, 1km, B EHEA 9. 1km, G 8 4R 2, BEFR M 20 40 A A&
M fe — TR TR,

-1 EREBREENEE



