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Tunnels play an important role in today’s transport infrastructure. 
Making sure that they are built to last is a major engineering chal-
lenge, with huge demands being placed on such undertakings due 
to the stresses and loads to which such structures are subjected. The 
concrete technology applied in these mammoth projects has signifi -
cantly changed over the years. Yet the complexities involved continue 
to grow, which means concrete technology from MC remains in high 
demand across the world. 

Traffi  c volumes are exploding, par-

ticularly in the major metropolises 

of Asia, the Middle East and South 

America. The density of urban 

development means that above-

ground modifi cations to inner city 

infrastructures are rarely possible. 

Consequently, planners are turning 

to the subterranean world, placing 

ever more emphasis on the con-

struction of tunnels. Underground 

railways – “metros” – are currently 

being built in ten of India’s biggest 

cities. And major sewerage sys-

tems are being increasingly built 

underground. This is the case with 

the ongoing Emscher project in 

Germany (as reported in MC aktiv 

3/2012) and the huge STEP project 

in Abu Dhabi, UAE.

Many diff erent geological infl u-

ences and stresses have to be taken 

into account when contemplating 

tunnel construction. As a result of 

the pressures brought to bear by 

rock, earth and/or water, tunnels 

have to exhibit huge load-bearing 

Breakthrough in tunnel construction
cracking and signifi cantly increases 

load-bearing capacity. The cracks 

that do occur are very small – less 

than 0.1 mm – and heal themselves 

in the course of time. The addition 

of plastic fi bres in the concrete mix 

also increases the fi re resistance of 

the structure. The joints between 

the individual tubbings are sealed 

by means of sophisticated frame 

gaskets. Eff ective and effi  cient 

tunnel construction by this method 

relies on the tubbings themselves 

being accurately manufactured to 

ensure a perfect fi t as they are posi-

tioned. Consequently, the fi nished 

components are produced with 

dimensional accuracies down to a 

tenth of a millimetre. The formwork 

moulds are placed on elastomer 

bearings and then gradually 

fi lled with concrete, with periodic 

compaction being carried out by 

means of external vibrators. 

No tunnel vision in tubbing 
manufacture
In addition to the requirements 

specifi ed by the planning engi-

neers, local conditions also give 

rise to major challenges in tunnel 

construction: aside from fl exural 

tensile strength and post-cracking 

behaviour, high demands are 

placed on durability criteria such 

as resistance to chloride diff usion 

or sulphate attack. The tunnel 

must be able to withstand all 

kinds of aggressive media for a 

minimum period of 100 years. 

Further requirements on the part 

of the specifi ers relate more to 

cost-effi  ciency in manufacture: the 

consistency of the concrete must 

allow rapid formwork stripping, and 

the compaction process should 

ideally be carried out with as little 

vibration energy as possible in 

order to avoid accelerated fatigue 

in the expensive formwork moulds. 

These need to stay intact so that 

they can be reused for numerous 

fi lling cycles.

The additives used likewise need to 

guarantee the required reactions 

and concrete consistency, often 

under diffi  cult conditions. In hot 

countries there is often a problem 

in adhering to the maximum 

permissible fresh concrete 

temperature. In such cases, ice, 

for instance, may be added to the 

concrete formulation. Further chal-

lenges include the cements and 

the quality of the aggregates. In the 

Middle East and Southeast Asia, for 

example, good quality sands are 

often hard to come by, with work 

therefore frequently being carried 

out with crushed sand. These con-

ditions make concrete production 

for tubbing manufacture more 

complex, which in turns means 

capacities, be leak-proof and 

remain resilient and chemically 

resistant for a period of at least 

100 years – the timescale usually 

specifi ed as their useful life. There 

are various processes for tunnel 

construction, one of which involves 

progressive lining with tubbings 

(tubular segments), a method that 

has been widely applied in recent 

years in many a major project.

Revolutionary production
In recent years, particularly, 

mechanical tunnel heading using 

the tubbing method has under-

gone something of a revolution. 

Previously, the very high strength 

of the tubbings rendered them 

brittle, and therefore – particularly 

with the high pressures applied 

by the tunnel boring machine – 

highly susceptible to cracking and 

spalling. Today, however, concrete 

mixes reinforced with steel fi bres 

are used, rendering the concrete 

signifi cantly more ductile. This 

both reduces the incidence of 
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that extensive concrete technology 

expertise is necessary in order to 

fi nd a suitable formulation. “We do 

not provide our clients with off -the-

peg solutions. Rather, we develop 

the right formulation in interdisci-

plinary teams with other partners 

in line with the requirements of 

the construction project,” explains 

Eugen Kleen, a globe-trotting 

concrete technologist and labora-

tory manager at MC-Bauchemie. 

“We also take into account the 

local conditions and raw materials, 

carrying out tests until together 

we fi nd the optimum mix. We then 

have this analysed and tested by 

independent laboratories. Thus we 

provide our clients with a verifi ed, 

viable, individually developed, in-

tegrated concept with which they 

are able to save time, eff ort and, of 

course, a great deal of money.”

Major project in Abu Dhabi
The Strategic Tunnel Expansion Pro-

gramme (STEP) in Abu Dhabi is one 

of the most extensive infrastructure 

megaprojects of the Gulf region. 

The coming years will see the 

construction of 84 km of tunnels 

there for expansion of the sewerage 

network alone. A newly planned 

sewage treatment plant 42 km east 

of the city is to be connected by a 

new main collector, the “Deep Tun-

nel Sewer”, to the sewerage system 

serving urban Abu Dhabi. The con-

ditions in the desert that forms part 

of the Emirate are extreme, with 

temperatures of over 50 °C, a 

highly saline environment and 

signifi cant humidity. Herren-

knecht, a world-leading technology 

developer in mechanical tunnel 

heading, has supplied not only 14 

tunnel boring machines but also 

162 formwork moulds for tubbing 

production. And Commodore 

Cement Industries, LLC (CCI) has 

used these in the manufacture of 

over 100,000 tubbing segments – 

all to European standards, despite 

the diffi  culties prevailing. The 

casting concrete was adapted to 

the extremely aggressive environ-

mental conditions with the help of 

MC-Bauchemie. Eugen Kleen and 

his team specifi cally developed the 

superplasticiser MC-PowerFlow 

1114 STEP for the concrete formu-

lation, off ering major advantages in 

consistency control and ensuring 

the ready compactability of the 

concrete. In producing the tub-

bings, CCI used around 100,000 m3 

of this mix, which also needed to 

be highly resistant to both chloride 

attack and the extremely high 

sulphate contents of the soil en-

countered in the desert. In addition 

to the superplasticiser, MC provided 

a releasing paste from the Ortolan 

SEP product family. This creates 

a weathering-resistant fi lm with 

outstanding formwork stripping 

effi  ciency – particularly important 

in the case of complex or detailed 

shapes. MC likewise supplied a 

sewage-resistant mineral repair 

mortar from the ombran product 

family used to seal porosities and 

blowholes and make good any 

fl aking and spalling that may occur 

during production or subsequent 

installation on site.

Major project: Crossrail Thames 
Tunnel in London
The Crossrail C310 Thames Tunnel 

was also constructed using 

the tubbing method. It leads 

under the Thames, connecting 

Plumstead with North Woolwich. 

The project client was the railway 

company Crossrail, general 

contractor was the joint venture 

Hochtief Murphy. The tubbings 

were supplied by precaster Shay 

Murtagh. MC developed a special 

PCE superplasticiser for this work 

and supported the project from 

joint development of the concrete 

formulation with Hochtief through 

preliminary trials and on to local 

adaptation in the tubbing works of 

Shay Murtagh.

 eugen.kleen@mc-bauchemie.de

MC likewise developed a special PCE 

superplasticiser for the Crossrail C310 

Thames Tunnel. Working together with 

Hochtief, MC was responsible for the 

concrete formulation and supported the 

project through to local adaptation in 

the tubbing works of Irish precaster Shay 

Murtagh. Photos (above): Shay Murtagh

The tubbings used in Abu Dhabi were 

manufactured by Commodore Cement 

Industries, LLC with MC-PowerFlow 1114 

STEP, a super plasticiser especially devel-

oped by MC-Bauchemie for this appli-

cation and the diffi  cult environmental 

conditions of the site. 162 formwork 

moulds were supplied by Herrenknecht 

for tubbing production. Data acquisition 

for quality management purposes was 

maintained across the entire process 

chain. Photos (left): Herrenknecht Form-

work Technology GmbH
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Preventing leaks is of major importance when it comes to keeping 
tunnels in service. Consequently, ageing tunnels need to be regularly 
repaired and resealed. And also when it comes to the construction of 
new tunnels, injection operations are frequently required as part of 
the work. 

You just have to look at the dimen-

sions involved when constructing a 

tunnel using the tubbing method: 

10 km of tunnel requires around 400 

km of joints between the segments 

and rings. Joint leakages and dam-

age when installing the tubbings 

cannot always be avoided in work of 

such magnitude. Although the elas-

tomer frame gaskets that embrace 

the tubbings are becoming increas-

ingly sophisticated, there is still a 

danger of leakage resulting from the 

installation process. Lack of fi tting 

precision due to placement error 

is indeed one of the most frequent 

causes of leakages. There is a partic-

ular danger of misalignment at the 

tubbing corners where heavy con-

tact at the gasket profi les can cause 

the continuity of seal to be inter-

rupted. Subsequent correction is 

virtually impossible. Once the tub-

bings have been installed, leakages 

can only be stemmed by injection 

using an appropriate sealing prod-

uct. Both joints and cracks have to 

be rendered accessible through the 

introduction of injection channels. 

However, these are usually quite dif-

fi cult to create in such highly rein-

forced concrete components.

Injection technology to 
keep tunnels tight

Ways and means
The injection work needs to be 

carried out as closely as possi-

ble to the joint or crack. In clas-

sic applications, this is usually 

achieved with packers that pump 

the sealant through the injec-

tion channels into the unsealed 

area. A patented method has now 

been developed for the sealing of 

expansion joints with profi le seals 

whereby the medium is injected 

directly through a monitored com-

paction channel across the com-

pressed profi les. This can be per-

formed without adversely aff ect-

ing the compression of the frame 

gasket and therefore its leak-proof-

ing eff ect. The injection materi-

als that have proven most suit-

able for a tunnel repair are poly-

urethane-based elastomer res-

ins and acrylate-based hydro-

structure resins of low viscosity 

and short reaction times. Elasto-

mer resins such as the two-com-

ponent, fl exibly sealing injection 

resin MC-Injekt 2300 top are partic-

ularly suitable for sealing cracks of 

only minor width change, provid-

ing lasting leak-proofi ng irrespec-

tive of the moisture levels encoun-

tered. Swellable hydrostructure res-

ins, on the other hand, are more 

suited to joints where there are 

larger dimensional changes. These 

need permanent water contact 

as a prerequisite for their unique, 

fast-swelling capability. The poly-

mer-modifi ed, soft-elastic injection 

resin MC-Injekt GL-95 TX is read-

ily formable and mechanically sta-

ble. It exhibits similar water imper-

meability to that of water-imper-

meable concrete and can be relied 

upon as a joint sealer. 

Injection products from MC are 

used for wide range of construc-

tion projects – not just tunnels. The 

injection resin MC-Injekt 2700, for 

example, both seals and strength-

ens during production of the start 

and end manholes, reliably repel-

ling pressurised water. It serves to 

consolidate crevices and voids in 

the rock while at the same stabi-

lising the subsoil. An injected seal-

ing ring comprising the soft-elastic 

injection resin MC-Injekt GL-95 TX 

provides a shield tail seal during 

tunnel heading work, protecting 

the transition zone of a tunnel bor-

ing machine between the man-

hole and the subsoil during main-

tenance, and minimising down-

times. 

 holger.graeve@mc-bauchemie.de

Not only injection systems but also concrete 

repair systems from MC have been used in 

the construction of the Katzenberg tunnel 

in Germany (photo top left), the SMART 

Stormwater Management and Road Tunnel 

in Malaysia (above), and also the Liefken-

shoek railway tunnel in Belgium (photo top 

right).

MC_Activ_13_00007_dt_engl_RZ_neu.indd   8MC_Activ_13_00007_dt_engl_RZ_neu.indd   8 16.12.13   11:5316.12.13   11:53




