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4th tube of Elbe Tunnel -  Subsoil conditions and tunneling method 

4§me tube du tunnel sous I’Elbe -  Etat du sous-sol et proc6des de construction

R. Bielecki -  Baubehorde-Tiefbauamt, Hamburg, Germany 

J. Rechtern -  Grundbauingenieure Steinfeld und Partner, Hamburg, Germany

ABSTRACT: The construction of the 4th Elbe Tunnel tube was commenced in Hamburg in the autumn of 1995. Here new methods for 

constructing large-size tunnels in soil are employed in view of the large diameter o f the tunnel referred to and the extremely difficult con

ditions under which the structure is to be built. The construction task and the inhomogeneous subsoil conditions existing along the tunnel 

route as well as the special features o f the tunnelling method chosen are described in the following

RESUME: A I’automne 1995 a Hambourg, commengait la construction du quatrieme conduit du Tunnel de l’Elbe La-bas, en raison de la 

coupe transversale importante du tunnel et des conditions extremement difficiles au-dessous de I’endroit ou doit etre fabrique l’edifice pour 

la construction du grand tunnel, de nouvelles voies ont ete ouvertes dans la roche poreuse. On a represente le probleme de construction, les 

proportions heterogenes du sol de fondation presentes le long du trace du tunnel, et les particularity techniques de construction du tunnel 

qui concernent la methode de construction choisie.

1 CONSTRUCTION TASK

The 4th Elbe Tunnel tube, joining the A 7/E 45 Bundesautobahn 

or Federal Motorway, is designed to relieve the existing three- 

tube and six-lane Elbe Tunnel o f traffic. That tunnel was opened 

in 1975 and its initial traffic volume of about 56,000 motor 

vehicles per day has almost doubled to date. In the summer’s 

main travelling periods, with traffic peaks o f up to roughly

140,000 motor vehicles per day, considerable traffic hold-ups 

occur rather frequently in area o f the Elbe undercrossing 

(Figure 1). Figure 2 shows the area of the Elbe undercrossing as 

seen from the tunnel entrance on the Elbe’s southern bank 

(Waltershof) with a view of the slope to the north of the Elbe 

(Ottensen/Altona).

Figure 2. Area of Elbe undercrossing with southern tunnel 

entrance

In the area of the Elbe and its southern bank, the existing 

three-tube tunnel was constructed by the cut and cover method 

with use o f prefabricated tunnel sections of 132.0 m length, 

41.7 m width and 8.4 m height (Figure 3). In the area o f the 

slope to the north o f the Elbe, and proceeding from a starting pit 

on the Elbe’s northern bank, the three-tube tunnel was construc

ted by the shield driving method, employing a shield of about 

11.1m external diameter. The tunnel was provided with a single 

lining of cast iron tunnel segments.

The contract for the 4th tunnel tube covers a total length of 

roughly 4.4 km with a tunnel section of about 3 .1 km and rough

ly 2 .6 km of that section will be constructed by the shield driving 

method. Both the southern ramp and northern ramp are to be 

constructed by the open trench method and without groundwater 

lowering. The 4th tunnel tube will feature two traffic lanes, one 

shoulder and two emergency footways with a total width of 

10.5 m. A tunnel driving allowance of ±0.15 m, a longitudinal 

gradient allowance of ±0.10 m and an internal diameter of 

12.35 m are specified for the shield driving section The tunnel 

tube will be lined by reinforced concrete segments o f 70 cm 

thickness, about 2.0 m mean width and about 5.3 m maximum
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Figure 3. Cross-section in area of low point

length with a unit weight o f roughly up to 18 tons. The clear 

spacing between the fourth tunnel tube and existing tunnel ranges 

from 25 m to 70 m. Figure 3 shows a cross-section in the area of 

the low point under the Elbe, and Figure 4 a longitudinal section. 

The fourth tube is to be linked with the west tube of the existing 

tunnel by three escape tunnels which will be spaced about 

1,100 m from each other. The two escape tunnels in the Elbe 

area will be constructed of pipes o f 3 .5 m internal diameter which 

are to be jacked from the 4th tunnel tube.

The tunnelling machine used here has an external diameter 

o f 14.2 m and so the 4th tunnel tube will be the world’s biggest 

subaqueous tunnel with a single lining to be constructed by the 

shield driving method in soil.

Proceeding from the starting pit on the Elbe’s southern 

bank (Figure 4), the river is to be undercrossed for a distance of 

about 950.0 m with a minimum o f about 7.0 m and a maximum 

o f about 13 .0 m overlying ground in relation to the river bottom, 

while the shipping traffic will be fully maintained. In the Elbe 

area, a water pressure o f up to 5 bar has to be expected in view 

o f the lowest position of the tunnel bottom at about -42.0 m

below mean sea level and a storm tide high water level up to 

about +8.0 m above mean sea level (reference water level). The 

river section joins the built-up slope to the north of the Elbe 

which rises steeply to about +38.0 m above mean sea level and 

the tunnel will be driven under the existing dwellings partly with 

a spacing o f about 9.5 m in relation to their cellar floors.

2 SUBSOIL

2.1 Exploratory Work

Exploratory drilling and static subsurface sounding were carried 

out along the route o f the 4th tunnel tube and the sides of the 

planned structure in both the land and water area. Taking into 

account former exploratory drillings made in connection with the 

existing tunnel, the exploratory drillings for the 4th tunnel tube 

had spacings o f about 100.0 m on average in the longitudinal 

direction o f the tunnel structure. The depth of the exploration 

drillings varied from 20.0 m to 70.0 m below the ground level or 

bottom o f the Elbe respectively.
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Figure 4. Longitudinal section showing the geologic profile
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2.2 General Geological Situation

Figure 4 represents a highly simplified image of the general geo

logical situation. The area of the Elbe’s southern bank features 

Holocene soil o f the Pleistocene watercourse o f the Elbe, con

sisting of organic tidal mud deposits and sand with interstratifi

cations o f silt (humous sand) under thick sand fills (former 

Maakenwerder harbour).

Pleistocene sand of the Weichsel glacial period underlies 

the Holocene sand deposits which roughly extend to the centre 

of the river. An accumulation o f gravel and stones (debris layer) 

is present at the base o f the sand of Weichsel glacial period. 

Various deposits o f sand, glacial till, basin silt and Lauenburg 

clay o f the Elster glacial period underlie the strata of the 

Weichsel glacial period in a seemingly irregular sequence along 

the tunnel bottom and up to about 200.0 m in front o f the north

ern bank o f the Elbe. Roughly in the centre o f the river and at the 

level o f the tunnel bottom there is a deposit of Tertiary micace

ous silt/micaceous clay which continues up to the northern bank 

of the Elbe while rising above the tunnel ridge. Deposits of sand 

and glacial till o f the Elster glacial period and glacial till of the 

Saale glacial period prevail in the area o f the slope to the north of 

the Elbe. Approximately 300.0 m in front o f the northern tunnel 

entrance, the sink-hole Othmarscher Dorfteich, which ist filled 

with peat, mud and sand, will have to be bridged over.

2.3 Compactness of the Sand Deposits

The backfilled and Holocene sands in the area o f the southern 

bank and Elbe are predominantly o f loose and of medium com

pactness (5 < qc < 10 MN/m2) and just loose (qc < 5 MN/m2) 

in some sectors. The Pleistocene sands of the various glacial 

periods are at least medium-compact to compact (10 < qc < 

25 MN/m2) and very compact (qc > 25 MN/m2) locally.

2.4 Special Geological Features Concerning the Tunnel

Driving

Boulders are to be expected in debris strata, on the horizons of 

all cohesive soil strata, in the sand deposits and the glacial till of 

the various glacial periods. It is practically impossible to deter

mine existing boulders in advance by exploratory drilling. Ac

cording to information on the construction of the existing three- 

tube tunnel, boulders o f about 1.0 m size were encountered 

during the shield driving operations in the slope to the south of 

the Elbe. However, the presence of large boulders, having dia

meters o f up to 2.0 m, cannot be precluded in the area o f the 

4th tunnel tube. Coming across big rocks or boulders would be 

rather uncommon only in the Holocene strata (sand, mud, peat), 

the Tertiary micaceous silt/micaceous clay and the Lauenburg 

strata (basin silt, clay).

The glacial till, which is an irregular mixture of all grain 

sizes ranging from clay to gravel, stones and boulders, may be 

interstratified with blocks, lentils and/or streaks/bands of sand 

and gravel. The size or extent o f such interstratifications may 

well range from sand streaks o f a few centimetres thickness to 

blocks thicker than 10.0 m. Moreover, the preliminary explora

tion of the interstratifications by drilling is extremely difficult or 

costly and absolutely successful only very rarely. With sand inter

stratifications in the glacial till above the ground-water table it 

must be expected that they are filled with water and under over

pressure.

In principle, the glacial tills o f the various glacial periods 

resemble each other in respect o f their soil-mechanical behaviour, 

though they show a few characteristic differences as well. Here it 

is possible to distinguish three stages for the glacial till o f the 

Saale glacial period and two o f them, that is, mainly glacial till of 

the Drenthe stage and Niendorf stage, exist in the area o f the 

slope to the north o f the Elbe. The glacial till o f the Elster glacial 

period contains a lot o f Tertiary material, partly shows a high 

shear strength (c„ = 200 to 600 kN/m2) and will not turn soft as a 

rule when exposed to water. The glacial till of the Drenthe stage

may be very sandy in places and partly has interstratified streaks 

or bands o f sand. Moreover, this glacial till is readily soluble and 

changes quickly from a firm state to a very soft state when ex

posed to water. The glacial till o f the Niendorf stage is clayey 

and highly chalky. With regard to solubility, this glacial till is to 

be placed between the marl o f the Elster glacial period and that 

o f the Drenthe stage, and it should be noted that it is practically 

resistant to water.

3 TUNNEL DRIVING OPERATIONS

The ground to be driven through in the course of constructing 

the 4th tunnel tube is very heterogenous and shows the special 

geological features described in the foregoing. So special de

mands will be made on the tunnel driving method in view of 

these conditions that are combined with the effects resulting from 

the ground-water tables which are influenced by the tide, the 

slight overlying ground (min. about 7.0 m) in the area of the Elbe 

and the sensitive-to-settlement dwellings on the slope to the 

north o f the Elbe. Trouble-free and safe tunnel driving will be 

rendered possible only if further information on the structure and 

kind o f ground immediately in front o f the working face of 

roughly 150.0 m2 can be obtained, for example, by the constant 

advance exploration in the course of tunnelling At present, there 

are no suitable standard methods and so relevant developments 

have to be carried out within the scope of the construction pro

ject. Measures must be taken to improve the mechanical proper

ties o f the ground in the area o f the southern bank of the Elbe by 

reason of the compactness o f the sand deposits existing there.

3.1 The Tunnelling Machine

A mixshield o f 14.2 m external diameter, normally operating as 

hydroshield, will be employed. The cutting wheel is a rim-type 

wheel with five main spokes which allow the free passage of 

solid material in sizes ranging up to about 1.2 m. A total of 110 

planing blades and 30 disc bits are employed as excavating tools. 

The cutting wheel can be shifted for approximately 800 mm in 

longitudinal direction and the gaps/spaces between the spokes 

can be sealed by means of hydraulically actuated plates This 

makes it possible to set up a sealing wall o f roughly 0.60 m thick

ness at the working face in the event that extraordinary operating 

trouble has to be eliminated. An active centre cutter o f 3.0 m dia

meter, designed for performing a longitudinal stroke of about 

600 mm, is arranged in the tunnelling machine together with a 

cone-type crusher to eliminate bonding or blocking that may 

occur at the working face. The cone-type crusher is capable of 

crushing rocks measuring up to roughly 1.2 m in diameter Main

tenance and repair jobs can be carried out on the crusher after 

closing a baffle slide.

The tunnelling machine is designed for an operating pres

sure o f 5.5 bar. The interior o f the cutting wheel spokes is acces

sible to machine operators. Three twin-chamber locks allow to 

apply air pressure on the working face or cutting wheel spokes 

so that, for example, a tool change can be carried out while the 

supporting fluid is exposed to full pressure. Boring ducts - sealed 

by stuffing boxes - for annular boring allow to make annular pro

tective injections in sand and gravel and to stabilize water-filled 

sand lentils in the glacial till. Uniform pressure grouting of the 

annular track made by the shield - roughly 0.20 m deep - is 

rendered possible by eight ducts of about 65 mm diameter which 

are arranged around the shield tail jacket. The shield tail is sealed 

by a replaceable triple brush-type seal.

3.2 Preliminary Ground Exploration

An extensive investigation programme, initiated by the contract

ing ARGE 4th Elbe Tunnel Tube (ARGE 4. Rohre Elbtunnel), is 

now employed to examine the suitability of presently available 

geophysical methods with regard to the optimal preliminary ex

ploration o f the ground or subsoil. For this purpose, the Institut 

fur Kanalisationstechnik (IKT) of Gelsenkirchen used a water

tight large-scale test rig o f about 6.0 m width, 18 0 m length and
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6.0 m height into which Hamburg soil o f the types typical for the 

route o f the 4th tube has been placed, including the embedded 

erratic blocks and obstructions (e.g. steel bearers, timber beams). 

The various methods were then examined, optimized and cali

brated in this artificially created soil structure known in every 

detail. Suitable methods - seismology, ground radar, geoelectrics, 

borehole measurements - based on the results will be used for 

carrying out in-situ tests in two test fields in the vicinity o f the 

tunnel route. These investigations, which commenced in 1997, 

are designed to obtain information on the geophysical properties 

of the ground in situ, to optimize the parameters and to prepare a 

measuring action in every detail for application at a later date. 

Moreover, it is intended to carry out a geophysical exploration of 

the Elbe area by shallow or transitional water seismology. Apart 

from the processes referred to above, which can be carried out 

independent o f the tunneling work, measurements made in com

bination with the tunnel driving operation are to be examined di

rectly from the cutting wheel o f the tunnelling machine. It is in

tended to use a reflection method - integrated in the cutting 

wheel - whose principle is represented in Figure 5. There will 

be an in-situ operation at Duisburg in parallel with the tests per

formed in the large-scale test rig.

^HTHW

Elbe -  R iver

Figure 5. Reflection method/process integrated in the 

cutting wheel

It is expected that the results obtained from the investiga

tion programme will provide optimized and calibrated methods 

or processes for the present geological conditions and by which 

an optimal preliminary ground exploration, conforming to the 

latest state o f the art, will be rendered possible.

3.3 Soil Improvement

In the area o f the southern bank and the Elbe it is necessary to 

take measures for improving the mechanical properties o f the 

ground to ensure a reliable and safe operation of the tunnelling 

shield. So the thick backfilled sand layer on the bank side will be 

improved by vibration-compaction and the Holocene sand depo

sits in the Elbe area are to be improved by vibro-replacement. 

The sand deposits existing across the diameter o f the tunnel and 

above the ridge should be at least o f medium compactness or 

high compactness to ensure the stability o f the working face as 

well as a possibly required lowering of the supporting fluid and 

the associated partial supporting of the working face by com

pressed air. The density o f y/y‘ = 19/11 kN/m3 or an angle of 

friction of <p‘ > 35° of the improved ground have to be proved by 

cone penetration tests (CPT) which show peak resistances aver

aging qc » 15 MN/m2 and at least qe = 10 MN/m2.
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