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PODCHOD REKY YANGTZE - NAROCNA RAZBA
VELKOPROFILOVYM TBM V CINE

YANGTZE RIVER CROSSING - CHALLENGING LARGE-PROFILE
TBM EXCAVATION IN CHINA

HARALD WAGNER
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Wauhan, hlavni mésto provincie Hubei na spodnim toku feky
Yangtze se 7,3 milionu obyvatel patii k nejvét§sim a nejvyznamnéj$im
méstim v Ciné. Wuhan je rozdélen na tfi dsti fekami Yangtze a Han.
Omezeny prechod pres feku Yangtze (dva mosty) blokuje vyznamné
dopravu a brani dal$imu ekonomickému rozvoji mésta. Proto se pred-
stavitelé méesta rozhodli postavit silni¢ni tunel pod fekou Yangtze
pfimo v centru mésta.

Silni¢n{ tunel s ndvrhovou rychlosti 50 km/h je umistén mezi
dvéma mosty pres feku Yangtze a propojuje komunikaci Hankou
Dazhi na severu s komunikaci Wuchan Yonyi na jihu. Bude se jednat
o hlavni komunikaci pfes feku Yangtze v tomto mésté. Tunel md cel-
kem 4 pruhy (2 v kazdém sméru), dvé tunelové trouby jsou spojeny
propojkami (obr. 1). Celkova délka tunelu je 3,630 km. Celkem
2,72 km je raZeno pomoci plnoprofilovych tunelovacich stroju TBM
praméru 11,38 m, zbytek tunelu je hloubeny. Na opa¢nych brezich
feky byly postaveny dvé Sachty, razby tunelu probihaly ze startovaci
Sachty na jihu do demontdzni Sachty na severu. Zivotnost tunelu je
100 let. Minimdlni polomér smérovy tunelu je 800 m, maximdln{
sklon tunelu je 4.4 %.

Razba ve slozitych geologickych podminkdch podloZzi feky
Yangtze, které zahrnuje mnozstvi vrstev horninovych, piscitych, pra-
chovitych &i $térkovitych sedimentt vetné vodniho tlaku az 6 baru,
zacala zaCdtkem roku 2006. Prvni TBM razba byla tispésné dokonce-
na prorazkou 19. ledna 2008. Prordzka druhého stroje probehla na
konci tinora 2008. Uvedeni tunelu do provozu je pldnovdno béhem
leto$niho roku.

Hlavnim dodavatelem stavby je sdruZeni China Railway Tunnel
Group JV (CRTG JV), které zahrnuje také spole¢nost D2 Consult jako
konzultanta razeb TBM. Dvé TBM byla vyrobena sdruzenim zahrnu-
jicim NFM z Lyonu ve Francii, Wirth z némeckého Erkelenzu
a Shenyang Steel Ltd z ¢inské provincie Liaoning.
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INTRODUCTION

Wauhan is the Capital of Hubei province and one of the largest and
most important cities in China with population over 7 million people.
Wauhan city is divided into three parts by Yangtze river and Han river.
The restricted passage across Yangtze (two bridges) blocks seriously
the traffic and impedes the economic development of Wuhan city. So
the Wuhan government has decided to build a road tunnel across
Yangtze river in the centre of the city.

The road tunnel with a design speed 50 kph is located between the two
Yangtze bridges, connecting Hankou Dazhi road in the north with
Wuchan Yonyi road in the south. It will be the main road passing
Yangtze river in the city. The tunnel has four lanes (two in each directi-
on), two tubes are connected with cross-passages (Fig.1). The total
length of the tunnel is 3,630 m. 2,720 m are bored with 11.38 m diame-
ter TBMs, the rest of the tunnel is constructed as cut and cover section.
Two shafts have been constructed on both river banks; driving direction
was from the starting shaft in the south to the arrival shaft in the north.
The tunnel was designed for the lifetime 100 years. Minimum radius of
tunnel curvature is 800 m, maximum slope of the tunnel is 4.4%.

Construction in the difficult geologic ground conditions of the
Yangtze River bed consisting of numerous layers of rocky, sandy, silty
and gravely river deposits and water pressures of up to 6 bars started
in early 2006. The first TBM drive has been successfully completed
with the breakthrough on 19 January 2008. Breakthrough of the
second TBM into the arrival shaft is expected at the end of February
2008. The final opening of both tunnels for the public is planned to
happen during this year.

General Contractor of the project is China Railway Tunnel Group
JV (CRTG JV) which includes company D2 Consult as TBM drives
consultant. The two TBM’s are manufactured by a JV consisting of
Shenyang Steel Ltd. from Liaoning Province in China, NFM from
Lyon in France and Wirth from Erkelenz in Germany.
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Obr. 1 Pri¢ny rez tunelem
Fig. 1 Tunnel cross-section
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Obr. 2 Podélny geologicky rez
Fig. 2 Longitudinal geological cross-section
GEOLOGICKE POMERY GEOLOGICAL CONDITIONS

Misto s minimdlnim nadloZim (okolo 9,5 m) je situovdno v km
4.356; maximalni nadlozi nad TBM razbou je 40 m (km 4493).
Na vétsiné délky je na povrchu volnd hladina feky Yangtze River
(obr. 2). Hloubka vody v fece se pohybuje od 3,76 do 22,96 m, vyska
hladiny je v 15 m n. m.

V podélném geologickém fezu je horni vrstva sloZena z neddvno
uloZenych neulehlych prachovitych piska a stfedné zrnitych piska
holocenniho vyvoje &tvrtohor. Stiedni vrstva je sloZena ze stfedné
ulehlych a7 ulehlych prachovitych piska holocenniho vyvoje &tvrto-
hor. Spodni vrstva je tvofena pelitickymi prachovci s vlozkami pis-
kovcu a bridlicemi z obdobf siluru.

Na severnim a jiZznim brehu je povrch lokdlné pokryt nezhutnény-
mi navdzkami a jezerni formaci kvartéru, horni vrstva je sloZena
z mékkych, plastickych, prachovitych aluvidlnich jili holocenniho
vyvoje kvartéru, stfedni vrstva je sloZena ze stfedné ulehlého az
ulehlého prachovitého pisku holocenniho vyvoje kvartéru, skalni
podloZi spodni vrstvy je tvoreno pelitickymi prachovci s vlozkami
piskovcu a bridlicemi silurského vyvoje.

Umélé navdzky nejsou ulehlé, coz znamend stabilitni problémy
béhem stavby hloubenych dseku tunelu a Sachet, proto adekvatni
zapazeni bylo nezbytné. Aluvidlni vrstva kvartéru je predev§im
v oblasti povrchu fi¢niho koryta a je sloZena z prachovitych pisku
nebo stfedné hrubych pisku v neulehlém stavu, které jsou také znac-
né nestabilni.

HYDROGEOLOGICKE POMERY

Podzemni voda v oblasti projektu zahrnuje tfi typy: vrchni stojatd
voda, neomezend voda a omezend voda. Vrchni stojatd voda se pre-
dev§im vyskytuje v umélych navdzkdch a v malém mnoZstvi
v soudrznych zemindch kvartéru. Neomezend voda se predevsim
vyskytuje ve vrstvé prachovitych piska a ve vrstvé stiedné hrubych
piskd pode dnem feky, tato voda je propojena s vodou v fece.
Omezend voda se predevsim nachazi ve vrstvé prachovitych piska
a ve vrstvé stredné ulehlych pisku na obou brezich. Z vysledku roz-
boru vzorku stojaté a neomezené vody nemd pritomnd voda erozni
ucinky na betonové konstrukce nebo na ocelovou vyztuz, nicméné
m4d lehce erozni ucinky na ocelové konstrukce.

Koeficient propustnosti prostiedi se obecné pohybuje mezi 2,6
a 37,9 m za den. S ohledem na Cerpaci zkousku ve velkoprofilové
Cerpaci studni v blizkosti Sachty Wuchan je obecnd velikost pro-
pustnosti masivu v jizn{ ¢4sti feky 26,72 m za den.

Reka Yangtze nad tunelem zasahuje vrchn{ ¢ast zvodné holocenni
vrstvy kvartéru. Proto existuje pfimé spojeni mezi vodou v fece
a podzemni vodou, droven hladiny podzemni vody se méni v z4vislosti
na trovni vody v fece Yangtze. Uroven vody zavisi na srazkach, hladi-
na stoupd po destich a klesa v obdobich sucha. Navic poté, co destové
srdzky vyrovnaji neomezenou vodu, tak ddle kompenzuji i omezenou
vodu, tudiZ i hladina omezené vody je ovlivnéna desti.

The point with the minimum overburden (about 9.50m) is loca-
ted at km 4.356, maximum overburden above TBM excavation is
40m (km 4.493). In the project area, the surface water is domi-
nated by the water in Yangtze River (Fig.2). The depth of water
in the river is from 3.76 to 22.96m (based on the river surface
elevation being 15m).

In the river crossing section, the upper stratum is composed of
the newly deposit loose silty sand and medium coarse sand in
the Holocene Series of Quaternary System, and the middle stra-
tum is composed of medium dense to dense silty sand in the
Holocene Series of Quaternary System, and the bedrock in
lower stratum is composed of pelitic siltstone intercalated with
sandstone, and shale of the Silurian System.

In north and south shores, the ground surface is covered with
loose artificial filled soil and lacustrine formation of Quaternary
System locally, the upper stratum is composed of the alluvial
soft, plastic silty clay in the Holocene Series of Quaternary
System, the middle stratum is composed of medium dense to
dense silty sand in the Holocene Series of Quaternary System,
and the bedrock in lower stratum is composed of pelitic siltsto-
ne intercalated with sandstone, and shale of the Silurian System.

The artificial filled layer is in loose state, which is unstable
during the construction of open-cut tunnel and shaft. Therefore
an appropriate support was necessary. Alluvial layer of the
Quaternary System is mainly distributed in the surface layer of
riverbed, composed of silty sand, or medium coarse sand local-
ly, in loose state, which is also significantly unstable.

HYDROGEOLOGICAL CONDITIONS

The groundwater in the project area includes three types:
upper backwater, unconfined water, and confined water. The
upper backwater mainly exists in the artificial fill and cohesive
soil layer of Quaternary System, in small quantity. The unconfi-
ned water mainly exists in the silty sand layer and medium coar-
se sand layer below riverbed, having close link with water in
river. The confined water mainly exists in silty sand layer and
medium coarse sand layer of both shores. According to the qua-
lity analysis of backwater and unconfined water taken from site,
the groundwater is not erosive to concrete structure or the rebar
inside concrete structure, but slightly erosive to steel structure.

Permeability coefficient generally varies between 2.6 and
37.9m per day. Based on the water pumping test in the large-
diameter pumping well in Wuchan shaft area, the comprehensi-
ve permeability coefficient of the confined water-bearing
ground in southern river section is 26.72m per day.
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Obr. 3 Bentonitové TBM poufité pro raZbu
Fig. 3 Slurry TBM used for excavation

PLNOPROFILOVE TUNELOVACI STROJE TBM

Dva bentonitové plnoprofilové tunelovaci stroje TBM spole¢nos-
ti NFM Technologies o priméru 11,38 m jsou pouZity pro vystavbu
(obr. 3). Délka stroju je 58 m, jejich védha je 1285 t, vykon je 4500
kW, kroutivy moment 17 745 kNm, maximdlni rychlost postupu je
4 cm za minutu, celkovy pfitlak je 120 000 kN. Plnoprofilova feznd
hlava md 8 ramen. RozruSovéani masivu je provadéno feznymi dldty,
feznymi disky a nastavitelnymi ndstroji pro dpravu velikosti vyrubu.
TBM jsou na elektricky pohon a s 8 motory maji nastavitelnou rych-
lost. Erektor ma 6 stupritl volnosti s rozsahem plus nebo minus 220°.
Za strojem TBM jsou 3 ndvésy. Nejvyssi vystup rubaniny je 1144 m?
za hodinu.

Stroje TBM jsou vybaveny zafizenim pro injektovdni a moni-
torovdni pro potfebu zlepSovani masivu bentonitem pro omezeni
piitokt vody. Sofistikovany monitorovaci systém byl vytvoren pro
uréeni polohy TBM, pro polohu uloZenych segmentu, pro zdvihan{
¢i seddni povrchu, pro stdvajici budovy na povrchu, pro podzemni
sit¢ a pro zménu polohy &i napjatosti masivu.

Provozni tlak TBM musel odpovidat hydrostatickému tlaku.
Nejvyssi tlak vody na Celbé, ktery musel byt zohlednén, byl tlak pri
maximdlni drovni hladiny vody v historii (vy$ka Wusong 29,73 m).

Osténi tunelu je tvofeno prefabrikovanymi Zelezobetonovymi seg-
menty s vnitinim prumérem 10 m a vnéj§im prumérem 11 m (obr. 4).
Mezera mezi segmenty a masivem je vyplnovdna cementovou mal-
tou pomoci synchronniho ¢&i sekundarniho injektovéani. Tloustka
Sroubovanych segmentl je 500 mm, jejich délka je 2 m, 9 segmentu
je tieba na jeden prstenec.

RAZBA POMOCI TBM

Horninovy masiv razeny pomoci TBM obsahuje ulehly prachovi-
ty pisek. Spodni ¢ést tvori kamenitd vrstva a velmi zvétralé pelitic-
ké prachovce s proplastky piskovce a bridlic. Lokdlné se ve spodni
Casti vyskytuje stfedné ulehly pisek, ulehly pisek a plastické pra-
chovité jily. Horninovy masiv v blizkosti Sachet je tvoren mékkymi
plastickymi jily a ulehlymi prachovci. VétSina horninového masivu
je tiidy raZnosti 1, kromé stfedné zvétralych pelitickych prachovcu
s vlozkami piskovcu a bridlic tfidy IV a velmi zvétralych pelitickych
prachovcu s vlozkami piskoveu a bridlic tiidy I1I.

V oblastech s nizkym nadloZim, kde byla mocnost nadloZi niZs{
néZz vnéjsi pramér TBM, bylo nadloZi prevdZné tvofeno neulehlymi
pis¢itymi zeminami. Proto musela byt pouZita efektivni opatfeni pro
zajiSténi bezpecné razby (pouzité tlaky, injektaZe, monitoring, atd.).

Horninovy masiv v oblasti tunelu byl prevdzné tvoren piscitymi
zeminami bohatymi na vodu. Jednalo se predev§im o omezenou
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The Yangtze River above the tunnel cuts the top plate of con-
fined pore water-bearing layer of Holocene of Quaternary
System. Therefore, there is close water link between river water
and groundwater, and the ground level changes along with the
water level in Yangtze River. The level of stored water and
unconfined water in upper part is controlled by rain. The water
level rises after rain, and descends in dry season. Additionally,
after the rain compensates the unconfined water, it further flows
to compensate the confined water, thus the confined water level
is also influenced by the rain.

TUNNEL BORING MACHINES

Two slurry TBM’s of company NFM Technologies with the
11.38 m diameters are used for the construction (Fig.3). Their
length is 58m, weight is 1,285t, installed power is 4,500 kW,
maximal torque is 17,745 kNm, maximal speed of advance is
4 cm per minute, total thrust is 120,000 kN. Full face cutter
head has 8 arms. Ground cutting is provided by drag bits, disc
cutters, and variable overcuts. TBM’s are electrically powered,
they have a variable speed with 8 motors. Erector has six degre-
es of freedom with range plus or minus 220°. There are three
back-up gantries behind the machine. The maximum outlet flow
of slurry is 1,144 m? per hour.

TBM’s are equipped with grouting equipment and monitoring
equipment for the purpose of treating the ground with slurry to
stop water. A sophisticated monitoring system was established
to monitor the stance of TBM, segment installation position,
ground heave or settlement, existing building on ground,
underground pipeline, change of ground displacement and
stress.

The operation pressure of TBM had to match with water pres-
sure. The maximum water pressure at excavation face had to be
considered to be the pressure under maximum flood water level
in the history (Wusong elevation 29.73m).

The tunnels are lined with one pass pre-cast reinforced conc-
rete segments with internal diameter 10m and external diameter
11m (Fig.4). The gap between segments and ground is filled by
cement grout by synchronous grouting or secondary grouting.
Thickness of bolted segments is 500mm, their length is 2 m,
9 segments are required for one ring.
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Obr. 4 Instalace segmenti v horni dsti osténi
Fig. 4 Segment assembling in the roof area




Obr. 5 Pohled do Sachty z dokonceného tunelu
Fig. 5 View to shaft from the completed tunnel

vodu s vysokym vodnim spddem, pfipadné o neomezenou vodu
s vysokym vodnim spaddem pod fekou. Vzhledem k vysokému tlaku
vody byly olekdvany ndhlé pritoky vody ¢i pisku béhem TBM
razby, které mohly zpUsobit vyznamnéjsi kolapsy. Vysoky hydrosta-
ticky tlak vyzadoval vysokou spolehlivost TBM a vodonepro-
pustnost tunelového osténi. Analyza musela byt provedena pro pro-
zkoumdni moZnosti vymény feznych néstroju pod fekou. Zejména
bylo prozkoumadno, jaké problémy se béhem vymény feznych
néstroju mohou objevit.

Vrstva obldzka byla zastiZena ve spodni &dsti profilu tunelu.
Prestoze oblazky nejsou velké a vrstva nenf prili§ mocnd, musela byt
tato skute¢nost zohlednéna pro nastaveni profilu vyrubu a pro seda-
ni povrchu zpusobeného vlivem této vrstvy na prdci fezné hlavy.
Spodni ¢ast tunelu v km 3,588—4,250 zastihla vrstvu ulehlych obldz-
ki a stfedné az velmi zvétralych pelitickych prachoveu s vlozkami
piskovci a bidlic. Celba tunelu byla nehomogenni s proménnou tvr-
dosti masivu, proto musel byt fesen problém odklonu TBM smérem
vzhiru vzhledem k nerovnomérné sile pusobici na feznou hlavu.

Byl také pozadovan monitoring teoreticky nebezpe&nych plynu.
Z4dny nebezpedny plyn viak béhem razby nebyl zastiZen.

Prumérnd rychlost razby byla 8-10 m za den, maximdlni dosaZe-
né postupy byly 18 m za den. Pod vedenim sdruzeni CTRG JV byly
veskeré problémy béhem razeb zvlddnuty na nejvySsi technické
drovni. Projekt byl po celou dobu v souladu s ¢asovym harmono-
gramem.

ZAVER

Po dlouhé dobé omezeného vyvoje dopravni infrastruktury v Ciné
zacal novy vyvoj v 80. a 90. letech 20. stoleti s vyznamnou podpo-
rou mezindrodnich financi z World Bank, Asian Development Bank
a z dalSich finan¢nich instituci. Vzhledem ke stdle narastajici eko-
nomické sile domécich zdroju je v dne$ni dobé stdle vice projekt
financovéno z ¢inskych méstskych, provinénich a ndrodnich rozpo-
&td. V soutasnosti Cina predstavuje nejvétsi a vyznamné rostouct
tuneldrsky trh na svéte. Priklady, jako jsou systémy metra v Beijingu
a v Sanghaji se stovkami km postavenych béhem nékolika let
a desitky kilometru délnic a Zeleznic dokoncenych kazdy rok, jsou
velmi dobfe zndmy tuneldiské komuniteé. Konvenéni tunelovani
podobné jako razby pomoci maloprofilovych TBM v pramérnych
geologickych podminkéch jiZz byly zvladnuty ¢inskymi spolecnost-
mi a experty. Unikétni tuneldfské vyzvy v Ciné, jako napt. podchod
feky Yangtze ve Wuhanu, vSak jesté stale budou v pristich letech
potiebovat $pickové technologie a odborné znalosti od svétového
tuneldfského pramyslu.

HARALD WAGNER, Ph.D., PE., office@d2consult.cu,
D2 CONSULT ZT GmbH
Recenzoval: Ing. Otakar Hasik

17. rocnik - €. 2/2008

TBM EXCAVATION

The ground passed by TBM’s mainly includes dense silty
sand. The lower part is pebble layer and strongly weathered
pelitic siltstone intercalated with sandstone and shale. There are
locally medium-dense sand, dense sand and plastic silty clay.
The ground near shafts is soft-plastic silty clay, dense silt. The
excavation-ability most ground is class I, except that of medium
weathered pelitic siltstone intercalated with sandstone and shale
being class IV, and that of strongly weathered pelitic siltstone
intercalated with sandstone and shale being class III.

In the areas with small overburden, whose thickness was less
than the outer diameter of TBM, the overburden was mainly
composed of loose sandy soil. Therefore effective measures had
to be taken to ensure safe TBM tunnelling (applied pressure,
grouting, monitoring, etc.).

The ground passed by tunnel was dominated by sandy soil
bearing rich water, whose groundwater features confined water
with high water head in both shores, or unconfined water with
high water head under the river. Since the pressure of water was
high, sudden water inflow or sand flow were expected during
TBM tunnelling, which could cause large area collapse.
Therefore the high water pressure required high reliability of
TBM, and watertightness of the tunnel lining. An analysis had
to be provided in regard to the feasibility of changing cutters
under the river. In particular it was elaborated what problems
might occur in the context of the cutter change

Pebble layer was encountered at the lower part of excavation
face. Though the pebble is not so large in size, and the layer is
not thick, the overcut and ground settlement caused by the dis-
turbance of cutterhead to the pebble layer during tunnelling was
taken into account. The tunnel lower part in section of km 3.588
—4.250 did cut into dense pebble, and strongly or medium weat-
hered pelitic siltstone intercalated with sandstone and shale.
The tunnel face was inhomogeneous with various ground hard-
ness, therefore the danger of TBM deviation upward due to une-
ven force acting on the cutterhead had to be sorted out.

It was required to monitor the potential harmful gas. No
harmful gas was discovered during the tunnelling.

The average progress rate was 8 - 10 m per day whereas peak
progress rates have been achieved 18 m per day. Under the
strong leadership of the CTRG JV Project Headquarters, no pro-
blems have been encountered without being mastered on the
highest technical performance in construction. The project has
been always on time and schedule.

CONCLUSION

Over long time underdeveloped traffic infrastructure in China
started its new development in 80th and 90th years of 20th cen-
tury with high portion of international financing by the World
Bank, Asian Development Bank and other financial institutions.
With increasing economic power of domestic sources, more tun-
nelling projects are financed from Chinese municipal, provinci-
al and national budgets nowadays. Today, China represents big-
gest and rapidly growing, tunnelling market in the world.
Examples of Beijing and Shanghai Metro systems with hund-
reds of km constructed within several years and tens of km of
highway and railway tunnels finished each year are well known
to international tunnelling community. Conventional tunnelling
as well as smaller diameter TBM tunnelling in moderate condi-
tions has been already mastered by Chinese companies and
experts. Unique tunnelling project challenges in China, as e.g.
Wuhan Yangtze Crossing, however, would still need high-tech
technologies and expertise from international tunnelling indust-
ry in years to come.

HARALD WAGNER, Ph.D., PE., office@d2consult.eu,
D2 CONSULT ZT GmbH





