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Some construction experiences of a motorway road tunnel collapse
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University of Pannonia, Veszprém, Hungary

ABSTRACT: The focus of the paper is a motorway tunnel collapse, built by using the New Austrian Tunneling
Method (NATM). The project consists of four separate tunnels in total 5419 meters long with a cross section area
of 101 m2 . The longest double tunnel “named A” was 2 × 1,356 m long, and a collapse occurred in the middle
of the both tubes at dawn of 24 July 2008. The incidence affected 113 m section of the tunnel in the east tube
and 90 m in the west tube. It stretched further later to 73 meters in the two tubes. The evacuation of the tunnel
was successfully completed as the collapse had been preceded by loud cracking noises and visible deformations.
Detailed analyses were carried out on tunnels in order to understand the reasons of the collapse, and to ensure
the possibility of further construction.

1

INTRODUCTION

1.1 The design, alignment
The design of the M6 Motorway section connecting
Szekszárd to Pécs, Hungary was commissioned by the
National Motorway Corporation and began in 2003.
The route of the motorway sees a much more difficult terrain beginning at Bátaszék: the flat land of
the Sárköz region along the river Danube turns to an
undulating landscape with valleys and hills, and loess
soil. Complying with the maximum of 4% longitudinal
inclination allowable for motorway construction is not
easy with such a terrain.
The extent of injury to be inflicted on the natural
environment and the long soil compaction period following the excavation of millions of cubic meters of
soil are important factors in the decision making when
choosing the method of tunnel construction. There had
been several proposed alternative alignments for the
motorway, which did not require tunnel construction,
but these were eventually abandoned. There are four
tunnels in this subsection of the motorway marked ‘A’,
‘B’, ‘C’ and ‘D’. (Figure 1) The tunnel project consists
of the following parts: 8 pre-cuts with the excavation
of 323,000 m3 of soil, 797 m of cut and cover tunnel,
5419 m of NATM tunnel with a cross section area of
101 m2 . Tunnel ‘A’ is 2 × 1,356 m long, Tunnel ‘B’ is
2 × 423 m long.

1.2 Design of tunnel ‘A’
Our analysis extends to the geotechnical and construction aspects of Tunnel ‘A’.
For the purpose of the geotechnical expert opinion initially 29 borings and later further 6 static cone

penetration tests (CPTs) were carried out in different
depths, the results were analyzed and as a result 5 different layers of soil were identified in the soil profile.
There were 100–120 m distance between boreholes,
2–3 cross section on the longer tunnel, 30–60 m borehole length, totally 3096 m linear meter boreholes.
Over the tunnel the Baltic Sea level height of the
ground is 213–217 m, while the Baltic Sea level
height of the road pavement is between 160–174 m
(R = 35000 m, L = 1207 m). It means that the motorway runs 43–48 m below the ground level. (Figure 2)
The advance length for the excavation of the top
heading was 1 m, and when it was reached a support
system consisting of 5 cm shotcrete over a two layered reinforcement mesh and steel 3-bar lattice girders
spaced at 1 m was installed.
The cut and cover method was used in the sections
near the ground level, and then the work was continued
in a closed excavation. The design specified different
excavation classes with different technologies to be
used depending on the physical soil properties (Es ,c),
the thickness of the soil cover over the tunnel and
experts’ in situ visual inspections.

1.3 The monitoring system
As the work advanced it was the task of the geotechnical site manager to continuously monitor the excavated
structure, analyze soil movements, and order the use
of a stricter excavation class if necessary.
Measurement, graphic recording and analysis of
soil deformations under the ground in every six hours
were required.
On the basis of the measurement data graphic representation was to be prepared of the soil subsidence
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Figure 1. Longitudinal section with the four tunnels (Szilvágyi et al. 2009).

Figure 4. The results of the measured displacements on the
West tube.

Figure 2. Longitudinal section of the tunnel with the tunnel
profile at the different building phase.

Figure 5. The results of the measured displacements on the
East tube (From the Geotechnical reports).

Figure 3. X-Y-Z measurement of the tunnel deformations.

2 THE COLLAPSE

at the tunnel crown and on the surface, of vertical and
longitudinal deformations.
Measurement data from both tubes of the tunnel
had to be analyzed so that the results can be compared.
Three measurement points were to be fitted in every
10 m section of the tunnel, which means embedding
small prisms in concrete. An automated laser measuring unit located in a way that the beams were aligned
with the prisms continuously read the data from them
(Figure 3).
The results of the measurement of the West and
East tunnels represented the Figure 4 and Figure 5.

2.1 History
A collapse occurred in Tunnel ‘A’ affecting the southern side of both tubes at dawn on 24 July 2008. The
incidence affected a 113 m section of the tunnel in the
east tube and 90 m in the west tube. The evacuation
of the tunnel was successfully completed as the collapse had been preceded by loud cracking noises and
visible deformations. The increased air pressure was
so high that it knocked down workers waiting at the
entrance of the tunnel. Later the incident was followed
by further collapse of 76 m stretches of the two tubes.
Following the incidents work in the four tunnels was
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What may explain the fact that the tunnel section
entirely secured by the temporary support was also
affected?
• What role do the construction technology, the pace
of construction and the consolidation periods play
in the processes in question? Are there any effects
that traditional engineering calculations were not
able to reckon with?
• Have problems arisen, and if yes, what kinds of
problems have arisen? Caused by the management, unclear competencies, insufficient relationship between implementation – design – technical
inspections …? To which extent have been considered the design specifications? Have the relevant
technical leads sent an appropriate signal about the
anomalies found? Etc.
(These questions do not fall within the scope of
the present paper, but shall not be neglected in the
overall analysis of the issue.)
•

Figure 6. Surface of the collapse area (I. Collapse).
Table 1. Approximately collapse positions of the tubes.

2.2 General geotechnical features

stopped and a thorough investigation began to find the
contributory causes.
The original design of the tunnel was reviewed, and
based on the expert opinions a decision was made
that the tunnel construction was to be continued with
the technology used but the safety levels had to be
increased.
Detailed specifications were drawn up addressing
technical, construction organization and construction
management issues. Detailed reports and analyses
were carried out on all the four tunnels (Gebauer
B., Mecsi J., Schwartz J.), while a new design was
made for the collapsed stretch of the tunnel. The
District Mine Inspector and the competent authority
both granted permission for the continuation of the
tunnel construction.
Several questions arose concerning the development of the incident, the answers to which might have
contributed to the understanding of the reasons for the
damages:
•

To what extent are the geological and geotechnical conditions of the collapsed tunnel section
different from the conditions revealed in the other
sections? Are there any special circumstances that
may explain the special behavior?

In the examined area the Pannonian strata are covered
by a layer of 35–40 m originating form the Pleistocene
epoch of the Quaternary. In the thicker loess sections
one or more reddish-brown and brown clay layers can
be observed, which developed in periods of higher
temperature and increased precipitation during the Ice
Age in the course of the chemical weathering of the
surface loess layers. Upon loess weathering the sandy
silt content gets reduced while the rate of clay fraction
increases and may reach as much as 40%.
The Red Clay – “Tengelic” Red Clay stratum is a
special soil type, which overlies an uneven stratum.
The Pannonian strata are disintegrated by erosion. At
the bottom of the stratum a thin limestone layer or its
debris is settled. The limestone is of dingy white color
and of cavernous, porous structure.
It is overlain by a bright red fat clay layer, which is
coherent, firm and unratified. Due to its montmorillonite clay mineral content it has a strongly expansive
nature.
As the geological expert opinion also pointed out,
soil formations may vary both horizontally and vertically even within a relatively small area, due to the
above modes of formation, the different environmental
conditions (ground surface, plant cover) and climatic
fluctuation.
The profile based on the different soil profiles excavated in the area of the tunnel under examination
justified the preliminary geological assumptions.

2.3 Details of geotechnical conditions of tunnel ‘A’
The soil stratification of the collapsed tunnel section is
rather unfavorable and is significantly different from
conditions of the other tunnels and tunnel sections.
It is of crucial importance that there is a 6–8 m thick
“Tengelic” clay stratum in the area of the tunnel section
in question (Figure 7).
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This layer has the soil physical parameters: plasticity index: Ip = 21–48%, bulk density γn = 19.5–
20.7 kN/m3 , and permeability coefficient k = 10−9 −
10−10 m/sec. Further to the geological descriptions,
linear contraction values of εs = 14.2% and 16.2%
were measured, which are extremely high and indicate
significant volume change behavior.
As a summary it can be concluded based on laboratory findings and in situ observations that the red
clay stratum is a soil of unfavorable characteristics, it

Figure 7. Longitudinal section of the tunnel with the soil
profile.

shows bulk deformation and volume changing behavior, reacting with rather significant and fast swelling
pressure.
The position of the stratum as related to the tunnel is
extremely unfavorable. The stratum stretches into the
tunnel section along the direction of the excavation and
extends up to approximately half of the height of the
tunnel within the section where the collapse occurred.
Cohesion values calculated on the basis of the probing resistance values are also indicated. Single axial
compression strength was measured with pocket penetrometer. In situ probing does not provide absolute
and exact values for the characteristics of the soil mass
but show changes in the soil condition as comparative
indicators.
Along section between 300–400 m intense shear
strength conditions were observed indicating probable
sectional disintegration.
In the collapsed tunnel section the probing resistance measured on the tunnel face and, parallel with
that, the average cohesion of the soil significantly
dropped, from the earlier value of 75–125 kPa to a
permanent 50 kPa value (Figure 8).
The analysis of the construction process and of the
pace of the different construction phases are of great
importance within the general analysis process.
In the control of possible deformations the examination of the pace of excavation and construction, as
well as the continuous geotechnical observation and
supervision of the different construction phases, of the

Table 2. Observed average soil strengths parameters on the open excavated tunnel surfaces (Collected data from the weekly
geotechnical reports).
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Figure 8. Determined cohesion distribution from in situ
tests.
Figure 10. Plan of the investigated excavation process.

Figure 11. Superposition of the different building positions
from the East top heading surface [m].
Figure 9. The positions of the two parts of the tunneling,
top-heading and bench + invert excavation.

sections between the excavation faces are extremely
important.
Figure 9 shows the positions of the two parts of
the tunneling, namely top-heading and bench + invert
excavations. The horizontal axis shows the time, and
the vertical axis shows the current status of each
construction phase.
The slope of the plotted diagrams reflects the speed
of construction.
To examine the construction process, a typical cross
section of a tunnel construction phase (time) has been
selected and the other excavation surface distances
present from the reference surface.
The position of the reference top – heading excavation surface and the position of bench + invert
excavation surface shows on the plan of the Figure 10.
The positions of the faces of the other construction
phases are shown on the Figure 11.
As a result of the analysis it can be presumed that the
excavation of the bench and the invert was advancing
in the two tubes parallel with each other, more or less in
the same section, which was considered unfavorable.
Furthermore, the soil excavation of the bench and
the invert section was presumably carried out in an
unfavorably long segment within a short period of
time.

The effects of the soil excavation and the unfavorable geological conditions were further strengthened
by the weakness of the tunnel sealing.

3

STATIC ANALYSIS

After the incident independent experts analysed the
structure using a finite element programme, modelling the circumstances that existed at the time of
the collapse and taking into account the tunnel section
geometry. Results of the static tests also confirmed that
the most sensitive work phase of the tunnel construction is the excavation of the bench, partly because the
excavation of large quantities of soil entails a sudden
relief of load, and party because soil stress redistribution may require more time in clay soil. A large
horizontal deformation was visible by the side wall
of the tunnel which led to the fracture of the concrete and indicated serious deformations of the tunnel
(Figure 12).
It must be noted that along the long tunnel this is
the area where soil stratifications proved to be the most
unfavorable; the red “Tengelic” clay stratum is situated
partly at the bottom of the tunnel and mostly under the
tunnel. At other parts of the tunnel the clay stratum is
situated either in the whole soil section of the tunnel
or deeper under the bottom of the tunnel, therefore the
above effect cannot occur or occurs only moderately.
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into the excavation face, which was supported with
concrete, and the voids were grouted. The length of
the tube umbrella was 15 m and the next tube umbrella
section was built in after an excavation length of 10 m,
therefore there was a 5 m overlap between the sections
following each other.
As a result of the strict construction discipline
and the precise technical implementation, Tunnel A
was completed with the application of the temporary
supports on 19th August 2009 and the tunnels well
operating from December 2009.
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