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One Tunnel to Connect the Lingdinyang Sea,
One Chinese Miracle to Charm the World
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Mr Lin Ming is chief engineer of China Communication Construction Company,
general manager and chief engineer of Hongkong-Zhuhai-Macao Island and Tunnel
Project, and a professorate senior engineer.

BRI B B3 TR AN B AN SC
The Technical Innovations and Practice in Island & Tunnel
Engineering Works of Hongkong-Zhuhai-Macau Bridge Project

1 Tisfhid
Project Overview
BRRAFERRITF, BESE, WEMR], =
KB 50 A8, ®itH® 120 F, WENZEE 100 AR
BHEAKIOE, BIRRAHFRBN. 5. BHEHR, £
HEENNALS OEREM=+Z R BIFR. B &R,
B RTFRBHHRES D EELHIEER.
Hongkong-Zhuhai-Macau Bridge, spanning lingdinyang
sea.links Hongkong, Zhuhai and Macau and is of
total length of over 50 km, design life of 120 years
and applies standard of dual six-lane expressway
with design speed 100 km. Hongkong-Zhuhai-Macau
bridge, a combination of bridges, islands and tunnels,
consists four man-made islands, four tunnels and over
30 km long bridges, which are constructed respectively
as the link lines in Guangdong, Hongkong and Macau
and the marine crossing bridges and tunnels.
AER#HEEEVNGMEREER, R MNERE
30 HIERATEE R, AT EATEMBSATIERLY
6.7km RN ERKET R. AZIFEERATEBX I,
ERERHSEE— MK 625m AT, RALRMEE

ZINNERIEERZ 22.9km XAFR TR,

In order to meet the requirements on the aviation limit of
the international HK airport and the demand of navigation
channel to accommodate 300000 tonnage vessel af
Guangzhou Port, approximately 6.7km immersed tunnel
solution is applied fo cross Lingdinxi Channel and Tonggu
Channel to replace the bridge section. To achieve the
interchange between the bridge and the tunnel and
to build ventilation shaft, one 625m man-made island is
provided at each enfrance of the tunnel. The remainder
of link is all bridges of 22.9km in length except for the man-
made islands and the funnel.

R . ne sagunag’

E1-1 BREAF 2T EREREE
Fig. 1-1 Schematic of General Plane Layout of

Hongkong-Zhuhai-Macau Bridge

2018 25 1 £ 6
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BHRBRATREFENMORERIRE, ZIRED
BEAMNEGMEIRE, T2EEFE2IERIOATrHA
IBM—F6/kMPPNERE. ALTSHREEREIXET
30~50m, KARIEMEGRASTIIRIER Z. MERE
A 33 P HERAFNMEMEIELAER, fREETK 180m,
BHEZ 76000 IE. 737 30 HMEAE, NEKERE
R FERFHIENER TR 20 KRG, BEHHAKR
HIXE) 74 50 K.

The most characteristic attraction of Hongkong-Zhuhai-
Macau Bridge is the island and tunnel works which
is also the conftrolling part of the whole project. The
scope of the island and tunnel construction comprises
two man-made islands with each in areas of 100000
m and one 6.7km long immersed tunnel. The weak soil
at the man-made island is of depth up to 30~50m and
the constructional technique is used that large steel
cylinders are driven to depth to form the island in high
speed. The immersed tunnel is made of 33 elements
of segmental, semi-rigid and precast type with each
standard element of 180m in length and dead weight
around 76000 tons. To reserve the navigation Channel
for 300000 tonnage vessels the immersed tunnel is,
for the first time in the world, placed at such a deep
location over 20m below the seabed and the element
is immersed at the location where water depth is up to

around 50m.

B 1-2 BERRAF DB I EYRAEE
Fig.1-2 Schematic of image of the island & tunnel works
BIRRAMTERENE T HME— KK &EAER.
BRARERMEAGE. MEMERK, —ERH =iz,
HEREEWAREXR, 120 FRIHERES, RAEER
RERAES; INBELVIRERE, *2XNKRE; BERERX
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ELHEEFMEKKNNERE, RNERZMER, SR
TR K

Four world records have been achieved in the
construction of the immersed tunnel of HZMB : namely
the longest span, the deepest embedment and the
greatest weight. This project is of mega scale, is jointly
constructed by the Three Regions implementing
different two systems in one Country, which brings big
challenge to constructional management in addition
to 120 years’ design life, technical challenge and
applied more strict quality standard, hardship of marine
works at open sea and high safety risks, first use of
initial pavement method to long and large immersed
tfunnel in China. Uncertainties are many and complex
which result in extremely high risks in the design and
constfruction generally.

Bk, IRMNIER/HANEIGHREKRHSEEN
TILATE:
Specifically, the main salient features and risk
challenges are following aspects:
L1SNSREREES
Adverse open sea condifions

e TE 5 85 K Bt 30km, LAY SNE TP FIAN 2 16
I, 2K AES5E. ENERFELREALMK,
IAMK, FEEZIMENET.
The jobsite is 30km offshore and typical shelter-less

open sea operation and isolated island work are
required which are highly vulnerable to extreme
weathers as typhoon, tropical cyclone and instant
thunder storms in addition to lengthy construction
period experiencing many typhoon seasons.

BIRZAEBRE EERDERRASBENFESRE
B, URABERSIEAFRKESA 2m HFREER,
BHELIRE. HEMRLHRBRAE.

During the construction period, extremely high

sediment induced by sand mining in the upper stream
and the abnormally high waves up to 2m for unknown
reasons were encountered and threatened the works
qudality, progress and safety.

1.2 3R PR S

The unique four exploratory investigations

R, RER L. RKMARERRERIERRF
HitTERENRANTE, NEMBRAELERY
30m, HELEAMCRIE S0m, EERKEEL 40m, KE
B3ETF 30m MUREIRE b, SRR TR K.
Deep embedment, deep and thick layers of weak
soil; deep water and deep foundation tfrench are four
salient features which distinguish mostly this project from
other immersed tunnel projects. In the given immersed
funnel the greatest depth of the backfilled soil cover on
top of the tunnel roof reaches up to around 30m and
works is carried at the maximum water depth of 50m
; the foundation french is of maximum depth around
40m. The tunnel sits on ground of weak soil as deep
as 30m. Thus, the tunnel design and construction are
highly challenging.
1.3 BiiReNKikE
Extremely high safety risk of navigation

T oK F 20T D B ST a7kis, BARRAZE
X 4000 8k, BRKERBLEESEHINLZBERKX, K
EREXKRRK,
The construction site at sea is located at Pearl River
estuary , the water areas of busy waterborne traffic with
daily vessel traffic volume up to 4000 vessel time and
this water area is traffic accident sensitive and safety
risk at sea is extremely high.

& 1-3 BIRRAN D TR AR EREE

Fig.1-3 Schematic of waterborne traffic at the jobsite of

island & tunnel
L4 SRR RIPERIR™
High demand for environmental protection
It R ERBBRE ORI X, BMRERIR A=
The site is located at the China White Dolphin

Conservation Zone which demands highly
environmental protection.

B 1-4 SiEEBBAERRIPX
Fig.1-4 China White Dolphin Natural Conservation Zone
1.5 ZRREM AP ERK
High challenge to special plant development
EARE—f. HRE_FISSHEI AED G, s
I #R10MZ, A 2HMEAETMI EMFE2HER
B, T E R R RIENBGAR S
The technique of factory-based precast element
is applied to the immersed tunnel prefabrication
first time in China and second fime in the world. The
prefabricating factory costs 1 billion. In particular, the
method of prefabricating curve element in the factory
set the first example in the world due to high difficult
level of the prefabrication and extremely high risk in
quality assurance.
FEAIFASEEE. Bl M. REMDES
IFAHNEHKEZABNRENERRS, REHT
ZRA 30 M2, EARERNRARRERTFTARE .
All the waterborne special vessels, plant, machines and
special systems required by construction procedures
including the foundation trench, foundation,
prefabrication, installation and backfill need
independently proprietary development and the plant
development and manufacture cost 3 billions and
contain unprecedented challenges.
1.6 LHEMPBIVERS
Extremely high quality standard for initial placement
of gravel bed
EANEREHEEMTERE, okm el AMRENS
B, ZRTNBEEFMER, S0mKCREAERBIREE
BHRNF dcm, REIRES, RARBEFIXKEK.

The earlierl placement of gravel bed is first time

2018 25 1 £ 8
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applied to the foundation of the immersed funnel in
China. The ground condifions within range of ékm
are complex and differential settlements are hard
to conftrol. The tolerance of the gravel placement at
water depth of 50m is required to be less than 4cm
thus the high quality standard is applied and, high
technical challenge and risks are imposed.

17 ERERKEERK

Extremely high challenge in mega element
installation

33K 180m & 38m F 11.4m HikE 8 8 A E

BRE, EXREINEEFBREFHF S0m KT LEMBEIX
FERE, RAREEMNRERKQAIEZH.
Total 33 large elements with each 180m long, 38m
high, displacement 80000 tongs are required to
be placed under conditions of complex clutter
waves and water depth 50m and the accuracy
of installation shall reach order of centimeter.
It fechnical challenge and safety risk are
unprecedented.

—ROME BB IR THIEAE 5-6 FU L, AR
AR 6.7 ABMEREBMERANALS, BTHAR
BLERE, RARKME. AT RITIXLEDRLE, TEER
Hi|, —BEZIARHRETM, 500 ZIMBAREFIHENIE,
IR TR TRAREE T R
Generally, the immersed tunnel construction period
is over 5-6 years. However, the 6.7km long immersed
tunnel plus two man-made islands take only seven
years in total, which is a high challenge. To cope
with these challenges over 100 tests and studies are
completed during works construction time; over
500 technical patented innovations are achieved
and many design and constructional technical
breakthroughs are achieved.

THEHENBALRMBFEZR Y HEEHLIEAR
ARG FT SRR B L
The technical breakthroughs and innovative
practices achieved in man-made islands and tunnel
construction are briefly infroduced hereinafter.

2 TRIERR SBHRAR SR
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Technical breakthrough of fast island
formation

ERNRARBRIMBEYRANSFREEHFZS
BX. BALKMRENZIFHEER. THK. HREHR
RUSEZARE, TEHEATENRS IMRIHEEXK,
A, SNEMRE T KERREME & RER SHE K.
ARINERER 22 K, & 40-50 K, mBER 120
A, HAEIK 20-30 K, BNMNEFMNESBY 500 M.
NRGZ EXAEEESIIENIRES ‘NERHFF E
BEWHEE, BINEENEE, Wilide. TENET
HARRERE ST K BIA 451, SEIIRIER S 1EKHE R,
BETEREFEMNRASXELSE, ¥ X755 ERER
IMEVE, R8N, SRS ITRE T &4,
Traditional methods of using riprap slope embankment
and caisson vertical embankment for island
reclamation have many disadvantages as large
excavation volume, difficult water stop in island
and difficult support to deep trench ,long works
period and environmental problems and cannot
satisfy requirements in connection with the given
project safety, environmental protection and works
progress. For this purpose the technique of fast island
formation by use of deeply driven large cylinders is
innovatively proposed. By the innovative technique,
the applied steel cylinder of diameter 22m,height of
40-50 meters is applied and total 120 cylinders are
used in the two islands. These cylinders are driven
deeply into places 20-30m below the seabed and
individual cylinder weighs over 500 tons. Wide mortise
grooves are connected with arc shaped steel plate
composed deputy lattice structure of both rigidity
and flexibility. Both the steel cylinder and the assistant
lattice structure compositely form a safe, reliable
waterproof fencing structure of deep foundation
french during construction period. Meanwhile
achieving rapid formation of island and waterstop
it eliminates internal strut structure of fence structure
in fradition and extends tunnel operation space and
also provides condition for construction in and out of
island.
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2-1 RIENEEIRERL BEA
Fig.2-1 Technique of fast island formation by driven
cylinder
R EE IR /N EBRE R E RSN RETE L,

—RALLTER 34 MNEENRT. HEA, RIEKSHK
EZFFREPNFERNEZRAE, ATRIELIR, &RE
BT EBKXSEMPIEFEARFENEE, ST AHE
254, ZEHA — 1 % 70000 2| 90000t BiL iz kAR
RIETRE B IZHE. B BMRBERNERE 7 A,
BET HFEHFAT. HEMIWEFIT.

The first fime in the world hydraulic vibratory hammer
consisting of eight-hammer interconnected is used
to speed up construction. 3-4 cylinders can be
driven in one day. The working efficiency of fast
island formation is limited by manufacture and
fransport efficiency. To ensure working efficiency
ZPMC is selected to produce the steel cylinder in
Shanghai Changxing Island, where 25 cylinders
are produced every month. Over 20 ocean-going
vessels of fonnage 70000 to 20000t each completed
fransportation. The total construction time of the two
islands is less than 7 months, creating miracle of works
commencement and island formation in the same

year.

& 2-2 EMMRESE & 2-3 RE—MREE
Fig.2-2the first cylinder
MEEFEEIE, MERRERSRAL TR T
P, BETAERNES. ARKHEEELFEMNS

Fig.2-3 the last cylinder

REFEFINEMEMIS S, RIBED TK TAZMEL T E,
BXEFRSRER T R, RRBEMER THERS
BRI X ARPEFFESHE, EEARRTRE. THE.
MRAVIRIHE L.

Compared with fraditional methods, the technique
of fast island formation by driven cylinder shortened
fwo years, eliminates high energy consumption
and environmental pollution caused by use of a
lot of vessel and equipment and long-term marine
operation, greatly reduces submarine dredging
and reclamation earthwork, which minimizes
marine pollution and greatly protects the marine
and ecological conditions of China White Dolphin
conservation zone. The concept of green, energy
economical and environmental protection design
and construction is achieved in the true sense.

3 {EHML TSR AR SR
Technical breakthrough in accurate dredging
MEBERERRLFEH -46m, EAFALZEEY
35m, ZRAEL 2900 F m’., EEHMNEEERITES
MIFRAES, AEEERK. BB LINF XS AHEEZ.
BEEER=ZELR, EROERESE. ERIreMEE
ERE R Z R T Il .
The lowest level of the immersed tunnel foundation
french is about -46m with maximum dredged
depth around 35m and total dredging volume
around 29million m®.The trench is designed to have
combinations of various grades longitudinally and
fransversally. Thus the dredging is a challenge. The
three dredging procedures are divided into rough
dredging, accurate dredging and sediment removal.
Of the above procedures slope stability, trench
bottom level and flatness and sediment removal are
critical to trench works.

3.1 BHEHZRAR

Technique of rough dredging of trench
EEHEZEREARERERRITEGFSY 2m ERE

B, HERAMEA 10000m? L BA B E M LA R

EINREM R B FTAERIZ AT .

The rough dredging of trench refers to removing
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the mud between the mud surface to the level
around 2m above the design boftom level. Large
self-propelled suction dredgers with hold capacity
above 10000 m®, with high accuracy construction
capacity and special function are selected for
construction.

FIFAMMIAEN shHIRERTIRE (DP/DT) , sk
WEBIEFIZZ, BRAERLARZIRER. REINNER
BRI &M EE, BIRELRZBRERIRFIZZ
L, BRIFEREIEAIRIRE—H
The slope dredging line is set in advance by vessel
dynamic positioning, DP/DT. The vessel intellectual
system automatically controls dynamic equipment
by external factors as wind and currents fo ensure
the suction head always heads along preset
dredging line of slope resulting in plane accuracy of
excavation doubly higher than result by hands.

FMAMREELREGSEFHRE SPWC) |, =HIK

RIMEBRNAE, AL TFREAEEE, HEHEH
ZEHRARE, BERESRFIZARE, FHBRKRER
GIFFEARFZ, RIEELIHNEERE.
The SPWC on board vessel controls the wave
compensator position fo enable the suction head
to be in the range of safety angle and confrolled in
the desired dredging depth; The vertical dredging
accuracy is assured by setting dredging depth layer
by layer and use of super depth alarming system to
prevent over depth dredging.

- maa

& 3-1 FBIRIZ e Ama R A [

Fig. 3-1 Suction dredger’s work on side slope
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3.2 BRI RA
The technique of accurate dredging in foundation
french

BEZREEZETREERITEGRS BRENFIZ. &
%7 30m° KBNS BT RAERE S, M A& NIEER
ML ENINRE, REBRMEENAINRNAS, KK
ETRALERAFKTHRE, FIRALTER FZE, &
SOm KR TEAEFZHE B AT AR BIFEZY £ 50em AR
The accurate dredging refers to the dredging of
mud to the design bottom level after completion of
the inifial rough dredging. Large grab dredger with
capacity 30m?® is used in accurate dredging of the
tfrench. This vessel possesses functions of steel pile
positioning and anchor chain positioning in addition
to sonar real-time exploring system for sea bed terrain
detection showing in real time the submarine terrain
during dredging process. Newly developed depth
positioning and horizontal dredging function allows
to control the dredging accuracy within around

+50cm of accurate dredging of french under water
depth of 50m.

2 M RIZRAMEREIZRERE
Fig. 3-2 Schematic of grab dredger’s horizontal dredging
at fixed depth

RIFEGIMSZRMBIZEEFEL, HRTHNEE
EHIENL, XA RK-GPS 2HGEEE, BIHENSE
BHEARS, BMTEBRRY. SE5RZBESINEE,
REIMS MAKE M ASHNIE, HBREMMAE TN
FEA. KORAR. EEEL. BRACKERREM, LN
B EE RS S EPIT LK B B IR TIRE,
New level control mode is developed by breaking

through the traditional grab dredger's confrol mode.
RTK-GPS is used to control the level of reference
and the system is micro adjusted by computer and
equipment thus increasing functions of the limit of

excessive depth, comprehensive error adjustment
by real time control the sling length of grab and
tfrace of opening and closing of the grab.Such
influences of tide position, the wave induced current,
change of grab weight and vessel draft on vessels
in consfruction are eliminated. Thus, the function of
automatic depth fixing and horizontal dredging by
horizontal moving of the grab closing and opening
frace is achieved.

3.3 EEBEREA

The tfechnique of sediment removing from the french

BRZHEEEZEREEBZAIXNEEREURDNIE
MR, DARAETZ B X EFE R E R E BRI R EIE K.
BEMEREENERAEZRBERES, B8 THERES
L. RAERRENFRAERENAEXSBOEREED,
AT LA E] SOm KRG # B R M A5 EFR NS AEIR
Mo
The sediment of removing refers fo removing the mud
and sand sediment on trench after end of rough
dredging before accurate dredging and also the
removing the surface mud on the french bottom and
french surface after end of accurate dredging. The
developing special dredging equipment for special
use of deep trench and foundation bed surface
this equipment possess capacities of high efficiency
dredging on both a high slope of deep trench and
block rock foundation bed surface and gravel bed
surface and can make accurate dredging under
50m depth without disturbing finished gravel bed
surface.

NAEBRKRFENERANIBIFER, EENEXEI

BB NN EARMEN S ERERTRE R R ELARIRARTERLF R
ERIENIERENAR TSI TERNERE.
For the mass volume of sediment in large area on
french bottom and side slope, the first time the
large suction dredger with dynamic positioning
and dynamic tracing function is successfully used
to complete sediment removal and achieves high
efficiency in dredging under the precondition of
ensuring the stability of the side slope.

XRAERE LRERRATAERERE
B, ZMASERTXEREMREY, B&EHNE
RIBRBENFIESBAEREE, HE S0m IRIEHIFINE
K, BEEXASHBEEZEMN. FE1 SFRGLIH
ERBRAISER SN, X EEX B RH R AR REFR
MRERERSNEBIRELATHAERIAENER
4, [ERY AT AE R0k R LAY B R ENE [ TIEmR
INFEBARNKIL E.

For sediment dredging of block rock bed surface,

the special position fixing dredger named "Jie Long'
is used to complete the dredging work. The dredger
possesses advanced dredging capacity at fixed
point and high efficiency of dredging after taking full
consideration of protection of the gravel bed surface
and meets the requirement on accurate dredging
under 50m water depth. By sound fork high accuracy
and density instrument, production meter and high
resolution camera head real time monitoring on
dredging result can be realized and it has sound
adaptability to the dredging loading cases including:
the dredging of the block rock with the greater level
distance and dense sediment of plate structure.
Meanwhile it can effectively eliminate the major risks
of damaging to steel bulkhead of element installed
during construction of dredging.

===
& 3-3 BHRE RBRMRERE

Fig. 3-3 The schematic of special dredger for HZMB

XA B R T _E AE R SR B FT AR A S A TANESR
KEFBELEREBREETH, TREREMNE. R
KERBEEBR. BAMRELSZRE N1k, I
TERRNEFHEREAB L TESROERERY, AU
BRIKR 10-50m SEE N ETRARE EERIE, BF—
RBBR—MRAUBRAERE ERRMEES, BRTEAER
T _ER R R .
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For the sediment removing on the gravel bed,

newly developed platform style gravel bed surface
dredging at deep water of open sea is used to
complete the work. This equipment integrates
multiple functions as high accuracy of sediment
removing at fixed water depth and leveling and
placing gravel bed. Thus realizing high efficiency in
sediment removing without disturbing the gravel bed
placed previously and can remove the sediment
on gravel bed surface within range of water depth
between 10-50m and this said equipment is capable
of removing the sediment on the gravel bed surface
in space of one vessel berth thus resolving the
challenge of sediment removing on the gravel bed
surface.

. |

{Ri s

[ 3-4 EAEKELRERESR
Fig. 3-4 The dredging equipment with damage-free on
gravel bed surface
s, EERKEMPVRFIZRNAR T EEE TH
MR BEMHRLAHEARRNPRIIE, RETE
REE THES R RN PRNRITTRER G, B A&
BEWERKEE S RN BT ERARKMBIRIE, &
IRRRIEER] 50%, BINRT AL S5 KEREMPIRER
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MR, JNERIUIRM T ERIRE.
Furthermore, leading achievements in study of

accommodating and confrolling sediment on
deep water foundation are obtained. By studying
mechanism of sediment accommodating on
the previously placed gravel bed the design
flow and method of sediment accommodating
on composite foundation bed under sediment
condition is proposed. By innovative application
of full-section pollutant preventing screen to the
sediment regulation on the gravel bed of immersed
tunnel, the sediment reduction effect reaches 50%
thus successfully solving the challenge of sediment
prevention and control on the foundation of head of
the island and then providing important indemnity for
placement of tunnel.

& 3-5 IABERFERBAE TR
Fig. 3-5 The installation and working situation of sediment
screen on site

BEHEERTERRARSL, BRTREPLINZ
BORER. EF I ORE BN A KSR, ST
2T ZHARECHEELIRMMRERE, MRBEET
EKE, HAMRIT BIRFURMBHEEMNE, AN
EFTEHMRIRM T EERE.
Through developing sediment alarming system,
abnormal sediment problem arising in deep
foundation is solved. Based on the large data of
observation of site sediment, multi-factor compound
french sediment forecasting model system is
innovated, which enables forecasting accuracy up
to magnitude of centimeter, thus greatly improving
the accuracy and real fime effectiveness of sediment
forecasting and then providing important assurance

for tunnel fransportation and installation.
4 FIKE AR ST
Technical breakthrough in deep water
foundation

BRI BRIE 28, EREME FENER
B, EAMIEERZBENFEELN N 20~30cm. FE
BITRR A ERERR 30~50m HEk B &4 (FE
ZHEIEDRENE) , B 20m B LB, UREMELIRN
KR 50m, SRR IXUBS: 2 A LATFU A
Before the advent of island and tunnel project of

HZMB, the immersed funnel is founded on weak
soil foundation by which the available engineering
experience shows that the tunnel settlement value is
around 20-30 centimeters. Taking into consideration
of the30-50cm soil ground condition (and subject to
sediment influence ) at the maximum depth at the
location of the tunnel, the covering load above 20m
and 50m water depth for works construction the risks
of settflement can hardly predicted.

ATATEBFEEMNATE, GHRE TR+ E6H
BEWHE R, KA PHC RIMEHE . SR FE 4 (SCP)
EAMBRMTEIARMEANTEREASE, Uk
ETRAEFFERSZAMAEFARFEEENNEREN
BAERERNESHEEMRITHFR, TUWTRKKRLN
ERENESITE. BN, FLTINERKERETLR
ERAFMES, ERTNIERUEIREEERSE, 4%
AMBAEREFNFEFERITERNRAREZR. —&
B X ENRRFNCIHT, HER)TIRKEMITBEZES AR
B, MET B HNENENWARE SCM AL, £7
TBE/NF 1em B E R RFISRR .

To be able to control the funnel foundation, the

solution of gravel bed + composite foundations is
innovatively proposed. According to the brand
new foundation design, the compound foundations
containing PHC rigid pile, sprayed flexible pile,
SCP transits gradually to natural ground and the
brand new composite bed is based on block rock
level compacted base course and grove and
embankment alternating gravel bed leveled, thus

realizing uniform transition of tunnel settlement
founded on weak soil in deep water. Meanwhile
the complete set of constructional technique and
equipment for deep water foundation located
at the open sea is developed and immersed
funnel construction quality management system
is established, by which the differential settlement
of majority elements is confrolled at the lower
level of the design. A series of purposeful studies
and innovations push forward the tfechnique of
settlement control of the foundations at deep waters.
Accordingly, the significant result and breakthrough
of measured settlement around 5cm for the total 33
elements and differential settlement less than 1cm
are achieved.

g ﬁ e T;”L
B B e & i

B 41 iEEMAE LIRS

Fig.4-1 The IMT foundation and constructional equipment
4.1 EE5MELIERA
Compound foundation tfreatment techniques

AL B HELIER A TIEHKIRE S H R K
HMERR, £F ER PR SRAR A HFANE-E
1, SIFTRYE T FIRRARKIRER LA . B5 K8
HEFUEME S50m B EMEA, BIRORHFEK=ERNS
ENELBMOEMNER, LI T XN TEMEHERK
BHLETMEME. Z7HFELFMEE, AEHER THEIT
8, BERLTIERRE, fLEZRFRFEM SOCcm HE
20cm AR
The man-made island foundation treatment adopts the

solution of driven drain plate coupled with dewatering
at well points plus superimposed loading. Based on
above-mentioned fast island formation technique by
use of enclosed cylinder cofferdam the technique
is raised by which 51m thick underlying weak soil is
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consolidated by large overloading ratio and pre-
compressing simultaneously and use of deep well
for dewatering to rapidly densely compacting the
backfilled sand thus achieving the consolidation of
underlying weak soil foundation through over loading
and pre-compressing. This method is well economical,
greatly shortens the constructional period, dramatically
reduces post-work sefflement and reduces post residual

settlement from 50cm to 20cm.

P R P e ] T
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& 4-2 SRIBHEKAR + IR FH oKt B AL I R EE
Fig.4-2 The schematic of foundation treatment by deeply
driven drain plates + dewatering at deep wells

MERENELERAEGHMEMKRAMEREEH
TR MEREHREEXAFZENRAE, SHhEE
HSHMERES LM RATBERENFBEDIEE S
B, NERES LERERXASHEEMHEAHE, BRERE
B3R A PHC NIMAEE At . HAf A LSEEREFERN
AAILSTEEBERAFEIE + KTHEHMEESH
B, FEDEEAMESRARNERENE.
The IMT foundation treatment is the combination of
compound foundations and natural ground. The
middle section of the tunnel is founded on natural
ground dredged and ifs adjacent parts at sea are
founded on composite foundation containing
SCP with variable replacement rate while the
island section is founded on sprayed flexible piled
foundation and the cut and cover section is founded
on PHC rigid piled compound foundation. The
fransition section on West Island and the transifion
tunnel section in East Island are founded on SCP
+ submarine over loading and pre-compressing
compound foundation. The typical section of SCP
compound foundation is shown in schematic figure.

15 2018 %1 HA
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[E] 4-3 HERGHE + HEEY TUE b AL R o E (R
Fig.4-3 Section of foundation treatment by combined SCP

+ over loading and pre-compressing

BERF B (SCP) B—MutEMBEFRA, BB
W HRENIZ & FE PR G R B AR 52 6 E AR SS B R A
YR, MmENthERE, mpshREBS, BOEH
YT, REMEMTURKESD, BRREIASRE. NE
BRPE, THFAEMFNSR. AT ZNA TR
L. ARSI FAE LR ENELE. 5—
AREDHEAR L B A B S S, MERN B RE X
60 ~ 70%.
SCP atf sea is new technique of foundation
improvement by which the sand is forced into weak
soil to form sand pile with enlarged diameter by
vibratory equipment and the pressure increasing
device in tube chamber so as to increase ground
strength, accelerate foundation consolidation,
reduce setftlement of the structure, improve the anti-
liguefaction power of the soil. This method is of such
advantages of short constructional period, notable
consolidating effect and sound conftrollability of
constructional procedures. Compared with common
sand piles , SCP is of high density with replacement
rate up to 60 ~ 70% in improvement.

4-4 FRERHEAR
Fig. 4-4 SCP vessel

4.2 HEEREAR
The technique of composite foundations
ATRESEMETINSEMEREMMREEN, BRHF
EHIMEREREEEMA YN EEE ER, NERE
BB EEMRALHEAEREREL, EFZTHNE
P 2.0m B 10 ~ 50kg A, BTKTFHEEE
R 1.3m EMNBEAER. BAERRKABROZEGE,
FOEZTMEEE RN 1.8m, Z25Z2E8%EEA 1.05m. 15
AR EREEMEAWINE TR,
To improve the compatibility of the foundation
construction and sediment accommodating
ability of the foundation and solve and control the
differential settflement of the foundation below the
french, the IMT foundation adopts previous bed
placement. Namely10 ~ 50kg rocks are filled in the
dredged trench to depth 2.0m which is compacted
in level underwater before placing the 1.3m depth
gravel bed. The placed gravel bed is in form of
horizontal furrow with typical ridge surface width of
1.8m and ditch width 1.05m between the ridges. The
foundation structure of typical tunnel section is shown
in figure.
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[ 4-5 FRERTERREEALLEIE
Fig. 4-5 Typical IMT foundation structure

RARAFTEMRAZNHEE SERED, FAM
BREEROBFATHESGSEEAZE TERNAES
M, BERERTHXBER, MRZAHEEBNELERN
ENEMRHTEH-SHIMEXE, ERRARESES
HENBEARSBEFRMNEZERICRNEE N, EETERE
BERBA—DFIRDIE RRHFFHSHESR  BRURH
FUNTREFTRE, RIUIEBRESHR I REX
KR WH, FRARARMEAENERAREN, B
R T BURTE RAVTERE, HolE T REFNEEERSE

#; BRBXERD TERTE.
New type compound foundation bed structure
made of compacted block rock and gravel bed is
used. The stratum distribution is adjusted by filing and
compacting block rock layers and the unevenness
caused by trench dredging is eliminated and suck
key function to contfinue with previous placement
and start new placement is realized. The gravel bed
between the grooves provides further coordinating
support to the tunnel structure. Meanwhile the block
rock layer and gravel bed between the grooves
are capable of absorbing and accommodating
the sediment on bottom, which make the tunnel
foundation bed smooth flat and rigid and flexible
supporting system. This way the uneven excessive
differential settlement is effectively controlled, thus
reducing the force on IMT structure and opening
of the joint. Furthermore, the effective use of block
rock layer and gravel bed can effectively absorb
and accommodate, which eliminate the settlement
potential risk and also create a better condition for
french cleaning and as the same time, sediment
cleaning volume is reduced in great margin.
(1) MAERFTFREAR

(1) Rock filled foundation compacting and
leveling technique

FRRINERKRAE R AMST TR RS,
RETHRKPAFTEF—ALES, RABEXEREEME
T ZiiE 2.0m BERA, FFH APESOO RERFNEH TS
FEE, XUTHFE £30em FRERK, KiERAT
HLREREIRE.
To solve technical challenge of rock bed compaction
at deep water at open seq, the integrated equipment
is developed to drop and compact rocks at deep
water. Drop pipe style is used to drop rocks at fixed
posifion in fixed quantity to drop and fill rock layer of
2.0m in thickness, and then APE400 hydraulic vibratory
hammer compacts and make density of the rock
layer up to the flatness requirement on +£30cm of
the compacted surface thus greatly improving the
construction quality and efficiency.
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4-6 A Z5 ERRIHALE
Fig. 4-6 The overview of the rock dropping and
compacting vessel

(2) BAREREFEA

(2) The gravel bed leveling technique

BREREEA2m, BT RENEEERLI
7680m?, A TRMBFERIL 24275 m?, BEKRE
15~ 45m 2 j8), BFrAEEGIHE 0.30% ~ 2.98% MG,
BEAEEERILT +40mm, BENEEE2EHES.
The gravel bed is 42m wide, and the leveling area
for each tunnel element reaches 7680m?2, and
whole leveling area for entire works reaches up
to 242 thousand m?, and the leveling operation is
made at water depth between 15 ~ 45m, and all
the foundations have longitudinal slope gradient
0.30% ~ 2.98%. the leveling accuracy is required to
reach +£40mm, and conftrolling and measuring of the
accuracy of leveling is critical.

4-7 BARNFAEFM

Fig. 4-7 Automatic lifting platform leveling vessel
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KABARXFEEHTRBINAETKEARENG
wEL, A BEMRN=ZEILFI—HF, BRRD
/E\ /JILEIIJ ﬂl’] {RIE J\Eﬂqnﬁj’m?ﬁmTIx& AR
HEIEERSRAIHNEN. BERESRERA, FRIE
1E 50m 1R ACRAY e THE B A E] £40mm IZER. {El
BEHE S NMARLIEANTRET NERAERNEF
ML
The automatic lifting platform is used to drop
stones through the dropping pipe to complete the
placement of gravel bed. This plant is infegrated the
three construction procedures as stone dropping
leveling and testing, which effectively reduce
influences of wave and current and ensure the works
quality and improve working efficiency. The rock
dropping and leveling construction management
system adopts such advanced technologies as real
fime checking and testing and automatic confrol
etc. to ensure the works accuracy to meet required
+40mm when operatfing below 50m water depth.
The operating efficiency completed the gravel bed
placement and leveling for single element within 8

effective working days.

A

[ 4-8 FAENHFAERE T LRE
Fig. 4-8 Working principle of the platform style gravel bed
leveling vessel

4.3 ZAZEREREMEAR
Enclosed immersion chamber grouting fo foundation
technique

T3 E32-E31 ETRALDFANFENRAR, SIH
HRETRESRARERMERR. RAEDNEEIFR
IhSENE , FI B T E K B A AU E PR IE EAE U2 BIE A
ENEARMERAERNZE, BSEREHEAR, &
) THIAZ RN EZ SRR EIENERESHERN.

FIRZEIFHEAREERIE, & E32#77 3.5cm, filiE
T MIERIE RN .

Aiming at the abnormal settlement phenomenon
existing at the immersion joint between elements
E32-E31, the enclosed immersion chamber grouting
and pre-compression foundation bed is proposed as
an innovation and the idea of lifting up the element
is successfully realized. By use of the IMT trench at the
immersion joint, the lock backfill gravel and the void
naturally formed at bottom of the immersion joint, an
enclosed chamber is formed by pressing grouting,
which realize the goal of adjusting differential
settlement, pre-compressing to density of the bed
and adjusting controlling seftlement situation. By using
this innovative construction technique of enclosed
chamber pressurized grouting the E32 is liffed up
by 3.5cm, thus creating a type of new method for
adjusting and conftrolling tunnel settlement.
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& 4-9 ZALEEEEREMETIRE

Fig.4-9 The working principle of enclosed chamber

pressurized grouting foundation

5 SNBIRERARSTR
Technical breakthrough of IMT construction at
opening sea
5.1 TERIEBRA
IMT deep embedment technique

MERER, BEE2M AR HREREEA 20m
B, WRIEHR EIRRE LG BERRERFL 4km
KXERIERIAE T 20m. AEFUREE @M, SlEMHRE

T ORI BETHEMERS, FRTEETAESEHEN
KA AR, UREFEBHEIETZNFRFMEN 92
12837 o
Generally IMT embedment is about 2m, and it is
unprecedented to bury the IMT deeply at 20m below
the sea bed in the world. In HZMB IMT immersion
section of 4 km in length is deeply embedded at
20m below seabed. To meet the challenge of the
deep embedment the concept of "semi-rigid" tunnel
element structure is proposed as the innovation
and permanent prestress system suitable for the
IMT structure and the "memory joint" based on the
metal material fracture mechanical property are

developed.
W o
;,— /--/ /'ﬁ/ 7 /3\

B 5-1 N R EREE
Fig. 5-1 Schematic of the semi-rigid element
CERIME ERAET, mERTRIULTERN IR
NABERKATALS; EHAENEENZNIET 2R
T, FEEAX (R EPAHEL (BD) MRRESEE.
ATIERE—R, TEEBRTRFNNE, 2F7SET
RER PR AMITRIERE.

Xfitt, Z T2 T &8 F Hans De Wit (T2
CRETIRMRHEN, EERBEMIRTREERX L
I o “HERM ETVEMEFMMENLEESES—
BRTIRIEF#ITNIRE SEEST, EIRELNERRER
¥, BARBENIENXEARATWMME 1. Fit, T

BRERBGIMNIRN, MAMERERD T HEE,
T IMERER AR

MR, MEREIZOIH, ZBEE L TR H R ER
EHELERENTHER: RARRMALOE, NEEH
HFiPEmR. MENIRENYIRTZZART, BME—
FZ AN TEIR AT BB A TR R PR E M.
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The innovation of semi-rigid element means
changing the temporary prestress to permanent
prestress of segmental IMT to completely change
the structural mechanical mechanism of IMT and
to combine the advantages of monolithic (rigid)
element and segmental element. 2 years are
spent on verifying this point, which witness the most
cumbersome process in island tunnel construction.
The Mr. Hans De Wit from the consultant company of
the project employer appraises "Chinese engineers
are forced to realize the innovation in real meaning
even in the painful way". The innovation of semi-rigid
element structure is highly cost-effective —— except
the cost on the test and numerical model analysis for
verifying the cost on works is negative, for the work
required to do is only not to cut the prestress tendon.
Therefor there is almost no additional cost on works
and this is the way to deep embedment of IMT. The
technical breakthrough of deep embedment of
IMT is thus achieved. Conversely, should there be
no this innovation, the loads acting on tunnel shall
be controlled to the load magnitude for shallow
embedment tunnel. Light material is backfilled or
maintenance dredging is carried out in operation
period. The cost of both engineering amounts to
over billion in RMB in addition to additional one
year working time and serious impact on living
environment of white dolphins.

5.2 T/ EMEMHFAR

Technique IMT prefabrication on factory basis
ERERE 1 Tkm sl S, BRTHEHREE T

BIIIZNEMS, ®’E 10ZARM. [ HEREFEI—

MEFNRAY, MARAHE, T ®HBER LT,

fRIRT 33 TINESNEHFE. H #IRHN 14 MR

ETEREEN 2 FNEEFRKENHAL, SFRER

LIE — 1 FE L) 80000t fTERNBHZ 70 X, RKRE

BEME ITRRETERNE TEMN 2 .

The IMT prefabrication factory is built on Guishan

Island in Zhuhai 11km away from the tunnel site,
which is second example of IMT prefabrication on
factory basis in the world. This factory costs 1 billion in
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RMB and factory site is an abandon quarry yard. The
factory is laid out in L shape by taking advantage
of the quarry terrain and can accommodate 33
elements to be placed at open sea. The construction
of the prefabrication factory took 14 months and
contains the development of production stream
lines, each of which is capable of producing 1
element of mass around 80000t in cycle period of 70
days, the prefabrication working efficiency is double
of average IMT works.

& 5-2 SnEmHI L B3 RE
Fig. 5-2 General image of IMT prefabrication factory

IR E RN RERENHAL, HF 11.4m 5
MENENRA, 5T REEFMERRHAE, AT R
NHZFHNER T R. ME, #HREXF %L 7T 80,000t i1
EOBIMMERAR, M THERE LT AMBIRA; FL
TKRAERENMAE 60% MR fR. RACERELREL,
EEUH T REAKENBERT, BT B8R RELRR
T34,
The factory consfruction also comprises the
development of hydraulic form work. As for the
casting of the side wall of 11.4m high element, to
achieve better durability the formwork free of tie bar
is achieved. The disintegrated jacking technique for
80,000t element is also developed first fime in the
world; the factory-based prefabrication technique
for curve element is developed; the environmental
and low -heat concrete mix ratio, which consumes
only 60% of regular consumption of cement is
developed. Under the condition that the cooling
water pipe is eliminated, 1 million cubic meter crack-
free concrete castis achieved.

KAIIEMFIET, EMHIELET BA 24 /N8

EEHT, SIETHELCNESERNTI MEIEE, 27T
S[SRPFI, RIEEARME, HPHERT, ARRE
MR AmE, BN Bk SRRELEIERKEZ
LT, ERTHRAEAKEES, BIESMFEARES,
AT THNSSIIRE T B HAIRE.
By factory- based prefabrication of element all
the prefabrication work is carried out in the factory
around the hour and standardized whole factory
fabrication surroundings is created, which eliminate
the climatic interference and the cast temperature
is well controlled. Curing condition is effective,
which effectively assure the quality of prefabrication
product. Meanwhile, the steel work, formwork and
concrete cast are carried out on the production
line. All the stages are highly standardized and the
constructional continuity is good with high efficiency,
which provide guarantee for meeting the whole
works schedule.
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[ 5-3 T ERnEMH T ZREMERE
Fig. 5-3 Image of the workmanship and procedure for
factory-based element prefabrication
5.3 /NBMERERA
Technique of IMT installation at open sea
BEHRAMITERBHER &R, BHEKTIE S50m L
B TRAFHT, EEHT B HNERK, HEXEH
ZIMBEER, EREEXNKRER. BN REFHEN
ERE, TEAIREFMPEEK.
The Hongkong-Zhuhai-Macau Bridge IMT is of

maximum masss in the world. Total 33 elements shall
be installed consecutively under marine condition

and under water of 50m and the installation
accuracy is highly required. In addition, special
problem as large running water, sediment, deep
french are encountered and they impose high risk
and challenge to works.

BEARBINX, BEMLTINENERKRER
ARFMEE;, G TRKIERARSBEEMLRA; Bk
TEHRNERSZREEEN. SREM. FLEOEEE
SR, 2T EBHERTMAFERNINETERE
MERARTGTR
Through proprietary and independent addressing
the difficult problems, The technique of high
accuracy positioning of IMT without adjustment at
deep water is innovated. Such difficult problems
as towing mega element in restricted sea areas,
anchor mooring positioning and operation windows
management have been solved, a complete set of
technique and equipment for IMT installation at open
sea is developed, which has Chinese proprietary
intellectual property rights.
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E 5-4 INERERETIZRIEHRE
Fig. 5-4 Image of workmanship and flow for element
installation at open sea

TR EMNBALREKRTENAREMLRE, EER
WHATL R T ZMEM LTI T ZMRK, BFUTRR:
RRBTFUERES, ERENKAXRENH, TBMY
BEURHPEALAEANEFTNRIE, EREDERER
EHEATK, TRBEEDTHERINERERE, B0
KT EAAEE A UL E E KR .
The double catamaran for IMT unmanned

placement and positioning system in deep water is
newly developed. Based on the traditional double
catamaran technique many technical breakthroughs
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have been achieved and bear following salient
futures, such as high digital integration of system,
extensive application of remote control and
survey techniques. In the process of immersion and
connection no man is on duty and operates inside
the tube and all the operations are completed in the
control room on board vessel. This system can place
the element accurately to the appointed depth and
the underwater positioning accuracy element can
reach up to magnitude of centimeter.

& 5-5 FKMEXEREE
Fig. 5-5 Schematic of connection of element at deep water
BIRRRTNERRZ —AMEEMELH. XK
MIRER, F3IREE. TRRAN 4 F5EM7T 33 TNEN
ZE, E0ISFOET —FRETTNEN ‘“HERE” ,
HiE 23 1 PAREERRK 2TRE.

The IMT installation of HZMB starts from nothing and

the high risky works experience is particularly. Total 33
elements are installed in 4 years and further in year
2015 "Chinese speed" of installation of 10 elements
within 1 year was created and infermediate time 2
elements are continuously installed within 1 month.

5.4 JRBEIFA
Technique of closure joint

S5XEBERNZREEL, NEREREE—1ERE
A, i BZ e EEKTHT. MEREN “GRER ®
MRIERLE L. BIRAFMERERELEL, BIKR
A 30m. FAMIREFEFRREMERING, I,
RpeK. ZERITHR, REELIHBI¥EE.
Similar fo long span bridge immerse tunnel also

requires closure operation, which is performed under
water. The closure sectfion of IMT is also called "the
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final joint". In the HZMB IMT the final joint is executed
in deep water close to 30m and the work execution is
exposed to marine environment and large sediment,
which makes work more difficult and high risky. By
original design solution the works time for installation
of the final joint will be more than 6 months.
BY3IFLZMMAMER X, AHAEERERIR
HTARE. ERNEKNEBRFTES, fETEEXER
KRR ERELR R, ZIREREELE 12m, E88Y
6000t, FEARANBE=MAAREN, REIEERFLK,
FIFR 12000t £ B RRBAERR.
Through over 3 years' study and solving difficult
problems the new concept of foldable , proactive
waterproof structure is proposed first time in the
world , based on which the technique of monolithic
proactive waterproof final joint is created. In this
given project, the closure joint section is 12m long
and weighs over 6000t and the main body is steel-
concrete sandwich structure and the hydraulic
proactively stops water by compression. The final
joint is installed as a whole body by use of full swing
floating crane.

[ 5-6 HHREFXME|ZRREELTEE
Fig.5-6 The Schematic of final joint installation of the
trapezoidal block as a whole

BREMERETRA. KAEERPRKTEOZRE
B (10cm) MiE#RaR. NRIHELEK BIEESKIRESE
ZHRITIZHIERIINERER, BIEERK, RE&E
KEEEIIFNT: MEEMELBRETT AFER
fE, RARMEREEUSRERS I, £I AT
mENMERRLRR MRGRRLEAR, FHHEaEM

BITME, BFEEESKEOXRA 12000 TE&EMFET
REELTMMZRE, MREINE, #iTELERIEKIES
E29. E30 MIthiES:, LR ERBH TR ELEERNEIME
o

Such construction techniques as high flow concrete
placement, accurate insertion of mass wedge
shaped block info the final gap underwater in
restricted space (10cm), small nose jacking for water
stopping, welding of rigid joint are initially applied at
home and abroad and the constructional challenges
are high. The general constructional procedures
of final joint works are as followed: the high flow
concrete placement, out-fitting and commissioning
are carried out in the factory. After the end of the
gravel bed works suitable weather windows are
chosen to immerse and install the final joint by use of
12000t crane barge. After the final joint is placed in
position temporary water stopping and connecting
in rigid manner with E29 and E30 are carried out
so as to achieve the tfunnel holing-through and
then the completion of work inside and outside the
subsequent elements.

B 57 REEARL I REE

Fig.5-5 The schematic of installation of the final joint

ZEF L ZHERNBER: 2017F 5821, HER
FiagE, BRAFERIUTBRBENRRB. BE, X
REELFTTHEASBYENSE, FREELNHE
NEBEBATE TZERR. ZLIZAREHRE—X, ¥
REFRIKBMEME T HKT .
This technical innovation results in high efficiency:

on May 2, 2017 we set out to final joint installation at

sunrise and achieved the immersed tunnel holing-
through at sunset the same day. Subsequently, we
also conducted test on the final joint by detaching
and then re-connecting the final joint and adjusted
the alignment of the final joint to magnitude of
mm. This given constfructional technique probably
the first time in the world makes the final joint 100%
watertight.

6 58

Conclusion

BEETHTAARES, TENSNIESEEUE

BE. PEABBREHRENE EXEHE, BEEHLHN
RATHERERBHEMEHREESR, £ 2010 FIEFIH,
AL IR R KL% 1200 sk F, 23T 6 R
PUE, X—#&i#Bid T 2000 k.
By practicing brand new environmental ideas and
concepfts outstanding comprehensive environmental
achievements have been gained. The China White
Dolphin is regarded as the sea panda in China. In
accordance with the reported quantity of China
white dolphins in Lingdinyang sea, at the works
commencement in 2010 the there are around 1200
China White Dolphins and after 6 years’ construction
the number of the China White Dolphin increased to
2000.

LB IR 2 h155], RENBEHINGE EBELR

ARENDHRE, UWERPER D FRIETEEBER
MFHREELARZNEIFREA, TEMLRTINEA
IRMNERELIRGR, HRETUAAEFREERELL
REfEE.
Guided by innovative concepts we finally have
achieved breakthrough in comprehensive power
of building fixed link at open sea. The technical
innovations represented by the technique of speedy
island formation with cylinder, semi-rigid immersed
tfunnel structural system and new typed final joint
have completed and developed the engineering
systems of the man-made island and immersed
funnel at open sea and are expected to set
examples for similar engineering works worldwide.
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Overall Discussion on Design and Structure of Immersed
Tunnel

23

WE: MEREALY 100 2FNERE, BERZHEMNHERE XS5 TER R 307
RERREENEMBMELTRSRIFENENMARES. SARELEBER/LAFTEREEX
MEEEMER, METTAG. BELnE. BERR. EME5R2ESTE, LREPHXBEEY
HEEHY, REERHMERLES, REMNEHHESHEI T EAGERELEBHTHRLEEUHE
REBEMNHRNTE.

KR ERE,; &1, B, BIRK WmE; 1

Abstract : With over 100 years development, various structural configuration and construction
method had been formed. The paper aimed at discussion the principle and the key points for the
selection of the most appropriate structure and construction method. The geometry patter and the
main structure type can be determined at the first, then discussions were made to the relevant
aspects such as the tunnel element prefabrication, joint configuration, trench dredging. All those
elements were connected and summarized in the end, so as to propose the methodology of the
scheme selection by comprehensive comparison and overall consideration in terms of structural
and constructional aspects.

Key words : Immersed tunnel, structure, foundation, foundation bed, prefabrication, installation
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B 1 BIRRKAF IS & s PRk E T
(RBKMAER)
Fig.1 Immersed tunnel curved element in prefabrication
factory (Photo by Huang Yubo)

2.2 WHRLEMIE

MEUE R ETFAERHATMEGIE, TRKERHB
HEED, BHETHILING ORFORR L REATNH IS,
BEAENEMMKIRE. MEEAGNEBER, BRELE
kR E, BIEDRAENNGRRELELER, WEUA
FBa7Ke M IRAR AT B N S SR, WITERRAY,
AT TR M BET IR R 58 TRARSNARE = A X FIFF
B AERNFERINERX, EREE RIS EM LR E X
MERETRE, MRTEATEHK, XFHENNEE
W, WAUERBRTMNGRRE LHERSZ.
23 WR=MAREMINE

Escprid B 7 T ROR B TORE SMUR AR — R

2018 25 1 £ 24



RERR | BRI

BRI | PERR

ERRBENEER. MPE=AEHHITE N 2R K
MRS R L — L BIfE, MRERIENRBRENER, X
ERBRIIRANIENER. BELEATDNE=ZHRERR
FRX (F) =ZREEEE.

= RREER AN NR, EMRANETR R L
EBRREREINGHIEL L. NERELXAEHTEE
TR RBENERNF ENEREE. IWERABERTSR
MMRREL. XMRBETIABEERME, FiRiB. A
PR SREE. BHEEBRBESIRA T XMERE .
MFEEMRZIEEMR HI1E. AR EERFTZES LRR.

FHK () ZREM—MNANEESBE, 55—
79N R R £ MG . 40 H AR A K BR B BE DA R AR R
B IEREIE .

xR BETHMEAMEEXTNENEIIA HhFE
E5ZERR, URERBRE THERFM.

xR 1 EEE/UAFHES I IEG AR

Table 1 General comparison of geometrical pattern of

cross-section and construction method

*ﬁéﬁﬁﬂa =T Z 4
T B R e
MERRL
i
e Rt MFsl. =
% WaE
MR
YE % A Z3
ERME | AR -
— BT
R4 — g i A
pEte | —mERTERENRN |
BEBT: — KEE
ZEF 3 B
BB EMERA N, Z@iﬁﬁiﬁ
ok bgAmsEwE, | D0
wR | BFrsEmeEsE | 7 T
Bl = M |
LR, 5 | T
ERTREERIE S
BAEEES, R ziziﬁ?’
oh | EmmkEEm, w0
BOAREOAREN |
27

25 2018 %1 HA

———
ARMARER, —g | L1 DFE
\ B
N H10mEs, MNFSE | \
EE | memmrmmans | L o0
= Eﬁ i BE. SEE LR
s
3aESET

EXHR TREBRENTBNEHRELL, YEME
ERITENX, REENERZGTSEWFL. #BE
MEEAREZRIGEUE, FH—DPHEETE, TH
MAGER BT R B E mE. 2R X2 1L .
3.1 BT

M ERET XN, ETH R I SEHEN
7o (ARBIKIR) , BIRFTAESIRANG . BIREFHEM,
FOERBRT, REHITHR.

3.1.1 M7= HIfE

BEIAEL ERT FNEHETR. RERME
R RA, EFERSRENRER LTS .

X FMERELT T RXANE, TEEMERPFEREER
EERER, MNEAXNAFEX N ER. BIRART
AR, BTHURBERRREBSARS, RN LEHFF

AR RIURRL, IMEIEWIERBAFL.
ATEEZER, FEERT EBAFREANNTEE, =
Blan B A3 REE. XA EBABE XBERER
&, BINZFAEZE, JUBYEREEXBITRS
MABETEEANTHRIME. B, FIERT FNTH
RS A DURFURE L, OB S LR AT R E IS
JEWMNR, ATHREESOPK, BMETEEELN
REEE.

HFREABEER MM ERIMBA, mEFT AN
FRERE—RE LR, RS LR ERAR
KA. Fitt, FERENEN FEHSHIENG. #HD
RAOBEFNHILINF, FEAFEZERFNITY. SRR
EEMNGEREN TG XNTERMBELT X, WEEAK
REMER, UNFHNEEETLURD . £=R8%EW
WA FEE BN
3.1.2 FHUREL

(1) FRENMFF

M AARLLINADR B LN E, SRR 5T KR

WREBAHEE. WEXNEFELREZENA DR L
HREIRF . MEEFERSSHFEAIMSRELNE
EMPAEE, ZREEERRETNRNEHTRRMAZ
REMNERIRE. L, FEAEFESRRAE. =
RUBAREAINT, EEEATHNERR/)N, MAHE
RALEF, WENANRREDRRN. MEF. RERR
BELEBEEE LAENRPEHEEE, RABRERNZ XA
DBRFRR. NEEXENTHIELRLRTEBRIEHRD M
ra%, BERFEAFHANIEER.

(2) FETE

RAMRZ BN LURAAOR G L ERRSE, X Fikfk
BEL, ATHIEREREUR FRINGERE, EKER
EHEERRSG, —RAEY 20m. FZITEEEEET—
XERINAHFL . HHERERN TR ERAKE.

MNFRELMERE, MTRSEIAE, XABR
MR RIFAENTIEDBUAR THERBEERNE
#, BRXANERDIIEEER—EER.

(3) MR

XNFREXRRAORRLBTEERFRRR T NEXE
B, MERERIEARANESRERRELT, FEEY
ARRELHIERERNE. ATETEAEMEEE ImA
A, MAXEESMRANER, A TFRAVIIRE
TATBRERIURARZFHEFRR, o=t
BEMRANE. BRE. KFHTHEENLES L, BIR
FZHRSETS THRIEE. FRCRATRDKERAE.
IR TERERUKF . ERRARACR. MR RE L FIPEN
Ko

ATHRAEEFENNFESE (10 ~20cm)
URRENHAERKE . FHNTE, RS L0
TERHNEEERE. FUFHERSHNEEULAE, R
BRRE L EEERFE.

(4) BR=NREL

EREMNENZANE, BARIENTRREL
RAOER, FURAETAERFNBERENSRENRE
T IMRBLEAR EATERG. SRIERLIKE.
KEREIFBHURE, FAERRLRLERET EFEREE
. BN, WFRELIMNEREEDEHRITHIA, —BRX

AmdA. MHELRUREZS. NRERERNHTT, €
ERAERAMERED RHETELN, BEITREEELI,
B RETEERK.
3.1.3 RSN

ME MmN FT IR BN, EINERNELLE
REMIER. Bt—HNERBIEERES.
3.1.4 fEETRE

MENRIORRLEHTHE, ERETHER. BM
EHEf. U BB BN EFIRE. EFIERISA
ZETEANERKE, BERBNRIRE, FRHAANRS
H, AFLH, BEBRIEKEHHFSEMRIE. ki
MEBZFNHTREEGIE. WERE. mERERE.
B RMNBRERNTRE, TBFRNARSTIE. B
FIA—RIRERERE R, ERAUREFRAT
&, ETRMRSHFEHRENKE. BRGHFEEE—
ERKR, FASREEFBPERIEL, HREMKT.
3.2 #2:K191E

EEBUTIEETZE, NEERMENEREE
Bz, RREAEETZE, WTHE BERELES
BYRREEFEATER CBNREIKEL. EaHATS
ARMEEMEZEEEFHE. NHEEEEREEMARS
MERENESEENRE. ZHEEANZBIERR
HEBER. MNONES, FRATURKTERNES. £
MEAWEMANINENENE, FEBENEE
I, BRI X ELEHRE . B RKBREREE K,
3.3 HiEHHR

M ETEMNER, I TRSRENEN, TEN
EREMBEHITEEAE, —BRXPNEREEENZER
ELAERRIRER, BEXEANEENBEERRS.
ERNERIET AN RLEURM. BRI ERM, M3
BURMSE. MIBLR. ZREAE. BE. 5HREE. Rz
EFREGRTTE. RRIE—RERK, XAZFED
€A, EELIL2XEHLY, RUULERRETMEF BT
BHRTL. BINZEABEREREMENRE, BET
FELARELR, SREZMBERSHT. SEDHRNT
HMANME, XASKENEZELS X, ENHNELE,
TERHERATURRE . XN FHRAMEMMERE, RT

2018 35 1 Hj 26



 REIHR | IR

BRI | PERR

T B, BEEBFERREORE BORNEmMERRRRE,
PHRHNERE. NTEERE, EERHMEREEINUR
RBUTUR S EIRE, ATRERAIRARRA. A, RN
AIENREN FNEMTRERE, MEMERHETRE,

ERRAS 3. THEDBIEXE, EANEEEN
BURHTERANBURATFHEM R, MEBUAFZR. 2%
X, FESETHNES. BEX.
34 EMERE

BEEmATRE, HTESRE, #%2 (R95) N
BFEIRBERANETAGERERITIRNES, BREEE
TEMTHRI-ERE, YENTENEMBETLE.
E2AHTNMERENEMESRELN. TEITEEMS
BENHERNSEEN IR

E 2 REREREMSBREHTIE
Fig. 2 Immersed tunnel foundation and foundation layer
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Chen Lin', He Bo?, Yu Mingjie’
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INEG RIS S &R TE TR AR5
Study on Precise Dredging for Composite
Slope of Deep Water Trench in Open Seas

R SIXEAIRRAN S T2 EEME E15 BT ERBYIBRENS, BYLIER - 247
B - REENEBE, EaXE. SEERKORARRALZRASE LIREMEALT, T TR
FAER XIZRARER MR A BRKEEES DI ERRYN T ZRR, EERNERKINLNE,
HAMBELRBHBATRANAE, Hit T REINERKEEE S NFFEHBTREL T ZRARH
TH, ASERUIERHEREEME NARFERREX.

KR BIRRANREIRE, AKEEESHRE; BEER BIIZ

Abstract : For collapse of the silt on The E15 segment side slopes of The island & immersed
tube project for the HZMB, by discovering problems — analysing problem - solving problem
ideas,discussing the technique of using trailing suction hopper dredger to accurately and safely
dispose the silt on compound side slope of deep water foundation trench in the case of high
risk, high standard and without mature process technology or construction equipment., the first
successful implementation in the domestic,and constantly summarize the experience,improve
technology and apply maturelyfill the blank of the precise dredging construction technology for
the silt on compound side slope of deep water foundation trench in our country,it can provide
experience and application for similar projects in the future.

Key words : the island & immersed tube project for the HZMB. compound side slope of deep
water foundation trench, precise dredging. The construction technology
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Engineering Monitoring and Detection Technology and
Application of the West Artificial Island of Hong Kong-
Zhuhai-Macao Bridge

35
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Abstract : The island technology of the steel cylinder cofferdam was adopted at home for the
first time in Hong Kong Zhuhai Macao Bridge Island tunnel project,and we lack of the design and
construction experience. There is a thick soft soil foundation in the Hong Kong Zhuhai Macao
Bridge Island tunnel project,and the application requirements of superstructure is high, so the
effect of soft soil foundation treatment is the key to ensure the quality of the whole island tunnel
project, and the monitoring and detection technology of soft foundation treatment engineering is
the key technology to ensure the effect of soft soil foundation treatment. This paper introduces
the monitoring and detection technology in this project, and provides some reference for the
development of similar projects in the future.

Key words : Hong Kong Zhuhai Macao Bridge, steel cylinder, soft soil foundation, monitoring, test
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IADC wishes all of CHIDA's members a Happy New Year!

This year, IADC focuses its ambition on sharing the concept of sustainable dredging with the publication of IADC and

CEDA's new book Dredging for Sustainable Infrastructure.

Containing contributions from leading specialists in the field, the new publication is an authoritative guide on delivering

dredging projects that enhance the natural and socio-economic systems.

The book will be an invaluable resource for those responsible for delivering projects with longevity which need to do more

than just the basics.

Project owners, regulators, consultants, designers and contractors looking for an up-to-date reference should find it to be

a useful tool.

IADC looks forward to a harmonious year of collaboration with CHIDA.
Harmony brings wealth! May a river of gold flow into your pocket!
IADC wishes you every success in dredging!

Sincerely,

René Kolman

Secretary General IADC
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Multisystem Combined Precision Measurement of
Underwater Ferromagnetic Small Targets
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Abstract: According to the characteristics of ferromagnetic small underwater targets has the
advantages of small size, weak magnetism, not easy to be found and the uncertainty of the problem,
through the magnetometer, side scan sonar and multibeam three marine combined detection equipment,
the operation characteristics of the system fully explored, refined iron magnetic measurement method
of small target of total water, provide ideas for the ferromagnetic target underwater detection.

Key words : multisystem, combined precision measurement, ferromagnetic small target
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SMW TiENEAHE T A& Hrinl st
Discussion on Construction Cost of SMW Pile Construction
Method-Related Project
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Abstract: SMW pile is widely used in foundation ditch supporting and foundation reinforcement
in architectural engineering and subway engineering, this article, taking the project of foundation
engineering of underpass in the Spring City Road in Kunming Wujiaba Area land development
& arrangement as an example, discusses the problems of engineering cost such as engineering
measurement, valuation, site visa, which relates to SMW pile, and puts forward some suggestions to
solve these existing problems.

Key words : SMW pile, triaxial mixing pile, pluggable steel, engineering measurement, engineering
valuation

2018 25 1 £

64



RERR | FAE

AR | PERR

EH

SMW A4 R FRAEUNACR L HiFEHE, 2@ =14
PRV AR A E M E IR LR s ma, &
MLRETZEARAESEZEL, B H BMEA SR
AN, FRESEMBERABREME. KREMEM—
BERE. ZIZENEREREERENS KRS TREE
ITHEI ZNA, TERTEAEGNEPESEMMIEKER.

2013 zFEEEREBERPIIANT ZMBAE. #F
KENESTFERMEXNES TIEETEMAN, BESK
FAHXTF SMW TEMEM TREN HEKAFE L
BE . SFEEWRTFMEENTRES SMW T4
MEAERE, SEXIRENETOR, FEEEHT
it T BRI o
1 TiEHR

EHBETFEMES K 1160m, KR IXIHER LS
H 72 CCK1+780~CCK2+000, + [ 220m, £ i &
B 30.9m~32.1m, EHFFEE 1.9m~79m, LXK B
7 SMW T3 4F (P850mmM@600mm = 35 # + N 15
HN700x300x 13x24 4N) fENBEFEH, FEEL
KR, SMW TAHRAEEZE AL AERELT, B

, ACRBER/NT 25%. HIBRFE BEMNAKRLT
BIRRER AR IAZY JGJ/T 199-2010,
2 SMW Tzt TRBMIZRE

SMW TERINEEZNRTE: OHtEFREREY,;
OMNEMESEN; QOFZSHE; WL OFIK;
O= 4N I ER . $hFL BHE. 1BF. EETI.
P RFEAE. SRIRGNER; QRN ER. R
BER. BARMR. RBEEN. BRERRIERT; ©F2
SMNEEFE. AETZRENRE 1 FR:

(.-_T:j

m““4|"“|

i

(o] [eers

B 1 SMW T3E4ihE T T2 RER

65 2018 %1 HA

2.1 SMW TE#EAR % TR2ME M B8 R 121
SMW T s A B B SRR 4 B R 16 0 — TS RO e T
IZ, mITEHANESR, $RACRLERE TS BMER
SZETF, BREREAGHEAREMRAERD K. &
HIFEFHERNTAEETAZ EFIA SMW TEFHERXE
HFE, BEIRNAT, REERDEESSIN. &4
MIAKRSXEANEIE, XF SMW TAMHEXN T
ENESEEFEAEUTRNAE, —2NEREEREM
FEEEERT—BSBEMNFIN, —EERE5EHIE
BEHERENS AR —HSRNFIN, UTHEEENE
T ERGI TRARRE, HFTESFEEEFRE®
REVEIL
2.2 SMW T SEAE A% 8 51 I 5] &
X SMW TEMENETIARR TERENRES
ST, ATRLEIHT SMW 3% B aEH X 32 #7538 43 5
TARA, B “KRLE 5HEN, Hh JORTE #
fIHme, HESREEARH T, SMW TR ENACR T
BT BT A TR IR TR EMNE CUTERH
BUBSBHSE” ) H 040302005 B4RACR T Hi ks, 8
B md, Mk 1 iR
% 1 Ti2855 5 040302005 BUSRN7K B+ H bk ik

RE| o | R [ LEET =
maes | 28| nase |1 SEM TemE
TR TSR
X |5 A w5 S . mx
AR 3 orism| o [FETE 5 e, . m
040302005| i o mignhy | ™ (BTN 4 g m
Bl | A MR 5 mmimin
5. RERY 6.t%. BRsNE

ERIIME, NEFFERZIUEREN ‘THERT —
3, SIHERTIBEME. BSE5RTEH ‘TR
—FRENZE, ‘ITERR" —JPEREEHEEEMNT
fERRSEE, B “TIEfE” REBELEMEMAET, “T
ERD" REBFLTEREZESERE, 3040302005 7
MACR LR, “‘TERR" 15887 SMW I%
B BNACR LR ENAAEEARE KR A
HEN, B 645351 T LH. BRIMNE, ZHBHRE
WA 3%, BXFrE TRRASE, HILLERNE
IAREESYEFFFERIN, BREFLINTNNFIX
EHER.

2.3 SMW Tt E R TREITH B
RI\ER |V WITEMN, FRIREENIZEITERR

ST, BRERIREEMITERERNATE ‘BR3P
B IE, MARRIIRE. T ‘BEfHFE" MERF,
EIRIEPEIAFSVFFEFEMNESIHHEL, ME
FFEC—AHBE. ENE TEMEENTIREmNS,
SMW ToEtEEE A X ANE 2 s

HN G0 R 300 1 Ju 24

020|600 _fcgJ

500 | B

B 2 SMW Tikir#im A

WME 2 fiox, SMW TiEBEBERIER, =i
HEBKRLIEANEEBRENER, FrEREIEKERH
EM. ZHBHERENE =, B TS B,
Sz EEERE, ERESNKRLEER. i, RiE
BITERNER, KAIERAEE—FEIZHEL, =
NESHEA—EH, BEEHZEE - MELANES, BT
B BT % ‘BT . AIRB/RMAR, WE 3 FR

B 3SMW TAtEm “Ef]” L REE

B 3 FAZERMMIE N ‘B #5, 8IES
HAEERT T K.

EFE “RE" 5 ‘BT BANEE, SRkT
BEVEFEHEBFRIREREFEFIUNTS. LE
FIANNREREIEETELE, Mk “KEe” « ‘B,

RAtE ‘BgFR” , BRIHEKRITA “RE" « “Bf]7,
FEEDIAN B, BB EINEN TEIR
RAELASRA, Bt TIRSCE AP WG E AR £ $iL.

RIREITENE, SMW TR ZRIRITERR ST
WIRTE, BB ‘ERFE « EHFELEILXY “RE7 .
‘BT BOMAERN ITRYUSFEEM, TAEERSBN
Y E R XHLEEAE TRETEIEN—REN,

TRERE = BB TRV RGN, WRLERE TEE
HEGZERAFENFINUARZNEHERERES Y.
REFENTTEERTREE, WT
V,{;{?J x[%Jrl)—OAlx(%ﬁxH (n

XA, Ml SMW TEFRITFEABEKRKE, &
T2 220m, 3t 440m; H 7 SMW THEHER T
A, RIEH A 14.9m, FRERTHRITER 0.5m,
BARABONERESZSBENT; 0.1 BN “RE” HER
ATARJUTERITE S AutoCAD HIERER S
24 SMW TEMERFEERA L ER S BRE DA

B 20I3HMamEHEREN, TRIEBZLHRLT=
B ER A NERERTE, Ef “REHHKE
" HEFFERAEREN. WEH, S=HEHEERT
IZ. IMCERS T EAERATE, FEEM. SMW T
ERNEREERERAESN = MRS ERERTE,
I SME TR IE R B ESACRM MR HEEPEE X FESE
BERAZEFNTKR, BE-HMX TEIERF—RERRBE

HTrERAEE.

HEEABEESHEXTEN, 858 ‘MBFT
5 ‘“THEARR , JUERATILAER:

) A ES LREEITEEE

“KRERET BEFH 01020075 = HEHAE 7Kk
B8 12% WBIE, FHETFHERTTRESMW T
EMRITERKREBEARD T 25%, TER 13X FH
01020076 =#fi it AORBE +1% TLUAE;, EHT
BitEsin 10m°, BEIENEERTREETERN
5BBENTRE.

BRIREEN ‘BHFE” , TZEATHIERR
BRUEMEFEMTINTIIRE, EEREZRE, EFURR
MRS FERT TRVIREFEKTE, BIESKRRE
IHZHER, A EREESHETEIME. ARG
AFEUARMHEIRVAESSHENER, EmAREERT
LR RARERFE LN TIZE. RS SMW T

2018 25 1 £ 66



RERR | PR

FARRIE | ERR

EMEREE |, BAEXERIRE, =R AR R
K (EK=RIEK+BESE, BESERITLIAE
RYER 0.5m) SELABKAEER A EAR AT KITE, TR
EREREBESMAER BEKIIRIFK H+0.5m, &
HEEEERAERIZEER + HBAE ‘BRE” BR
+ BT EREER.

RIENTEEHTREE, NT

V2:|: (?sz(%+ljxl.5:|x(H+O.5) (2)

X, M. HET T, HZUmigit#ez 0.5m;

ZPIEAH, RN ERIERSER TR
%Y%:wé,%E%ﬁﬁﬁ¥ﬁmiﬁ§§%ﬁ%6m
CEEHE) X1.56, 5k ‘K&’ 5 ‘B HHESLH
EZEITAGEBHF.

(2) HEHR AR %A S

SMW TRk B4R EBF B 01020077 #Hik #
MAE (SMW T3i4E) , EFitBEfAN T, SEHLRE
EIEAN, BT EREENMITE, MIREEHR
2B, ZUHETH, FRANEEHIEESELTRE
-%@Q=m9,wﬁwﬂmmmﬁﬁgﬁgﬁﬁem<%
B&) x0.19,

B, EHFHME, SMW T EHE ik B4R 5% B 14
EEH (50t A—#t) BMEIRMBRITE, EHEE
R I8 2 42 90 RATE, #8390 R BB IZRTFR L 4 10
THER AT, A0SR BN AL 3B 1 U BLI5 SE 4 4 1Y
BT E RN, BIEBIA SMW TSAHE7E I 55
THERTERERIZRE FTAR) BREKEKEEY
FIOK, MEENIIWEFESHATAHRESHG S
6 T A B SEFR AL AMAR 5 F AR 90 RIER T, ML

EEEN:

HELERFRIESFIMIBENEESRM, 2URT- Ko
FIE TS ENHERN NMTFETIERHRENIZEEA
EREFOBEFBIMHIIME, BTUEEMRERES
SEHUERXISHRM, HMERTLENIRK.
(3) BRINEESHEFIZEA
MR 1 ATA, SMW R4 B EVMKCR T AR T
ERNBRBIETERENE, BEEHAM, —HBEET
BERRFEERSREIMNE, RNFHEERIEIREI
ZEHEERTEHT, BEMELFEHTBEFHERSK LM
TEXPITHMFROEERBRINE, SMW AN N
RIBSEFRIZEER 01010115 B RIBHITIE Tkm DL
01010116 R 3 xizH 1Z8E SN 1km, EHHEH IRE
ZEFLATE X0.3 RBMUIHKITH,; SHEFZSZ %
0, IR TESESEFZEXERFE, THHAR.
3 £55RiF
ZAEWHETFHERN TR, BYXET
IZE5FEME. EMMNREBESX, ®iTT SMW I%
HERNERKCR LR X — A ESI X T2 RN T
BItE. it WHHIESHEXTRENEE, FXHEL
BEEAGRETILREN, HEASERLRIREBIEHR
R#tELEESSE,
SE3k
(1] JGJ/T199-2010 E4RIKE T HEfE R AR AR .
[2] GB50500-2013 # g TR TR EF £ it MM T,
GBS0854-2013 ERENSKIBIEIEEITEM
58 ,GB50857-2013 M LR TR Bt HME .
[3] DBJ5S3/T-61-2013 A ERENSRKITLIZHER
EF DBJS3/T-59-2013 A T LI HFEEEH .

skim (1989—) , 5B, BETREIF, MEAOFESTRIEEETE.

67 2018 %1 HA

=YEHE
PR RAWUIR S HIEAIRAR, BME 215557

Gao Guanghui
Tianhe Mechanical Equipment Manufacturing Co., Ltd. Changshu, 215557

REPRMLEEFERBEHE EIRE K IEHEFEN B
Jo 5 Bt T3 J5 i) 52 g

The Influence of the Number of Wings on the Quality and
Construction Speed of Deep Cement Mixing Clusters at Sea

BE: BEORBEKERH DEEEANANIEREXNERERRD, RBIEEN
HE=BENE LRERF TENNAE, SeRAMHNRERELINETURERAR, BY
A ENBE, HRABHFREENE LCRRHENIERE Xt TEENZE. B
HEMASHEME 10, REBLERE 20% £H, AKXRE THIME, BETHELIRZA.

R REMAM; WHE; DCM; HHRE

Abstract: Deep Cement Mixing method at sea is used few in China and the related theoretical system
is less, this time we through the Three Runway System Project at Hong Kong airport and combined
with our company developed Double Heavy Processor Ship. Through to reform the wings, research on
the sea the Deep Cement Mixing clusters construction speed and quality. By increasing the mixing wing
from 6 to 10 pieces, the construction speed is increased by about 20%, which greatly improves the
construction efficiency and reduces the construction cost.

Key words : deep cement mixing ship, wing, DCM, stirring numbers
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Abstract: The leak-proof designing of and thin wall concrete structure is a key issue. and the anti-
leakage is also a crucial control item when it comes to the construction process. The author takes the
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project manager in the anti-leakage construction of the concrete structural engineering of the national
laboratory from the perspectives of designing and construction.
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The Application Practices and Countermeasures of Equipment
Management Information System (EMIS)
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Abstract: Using the help of computer and information technology to improve management
effectiveness has become a common practice. As a bold attempt to manage information of equipment,
the equipment management information system of CCCC -SDC (in the following text it is simply
referred toas EMIS) has been applied since August 2011, covering all dredging vessels and some
auxiliary ships. This paper introduces the origin, characteristics and application of EMIS, analyzes the
existing problems and phenomena in the application process, and puts forward some further thoughts
and countermeasures.

Key words : equipment management, informatization, EMIS, application, countermeasures
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Research Development of Water Jets Scouring

in Dredging Engineering
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Abstract: To increase the efficiency of cutting process in dredging, water jets could provide possible

solutions in engineering use. Relevant research findings concerning submerged water jets scouring

are summarized. An overview about water jets applications in dredging engineering and its effects are

discussed. In addition, some follow-up research problems have been raised.

Key words : water jets theory, dredging process, engineering application
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