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ABSTRACT: Clogging is one of the main problems encountered in mechanized tunnelling with EPB-TBM 
in fine-grained soils. This issue is usually addressed by soil conditioning, i.e. the addition of water, foam and 
other chemical agents during the excavation phase. Over the last two decades, encouraged by the exponential 
increase of tunnels excavated with EPB-TBMs, many research studies have been carried out, leading to the 
development of several laboratory tests and classification systems to assess the risk of clogging in fine- 
grained soils and the effect of conditioning. Nonetheless, due to the complexity of the phenomenon, a number 
of limitations remain in defining and predicting potential clogging. This also emphasizes the lack of appropri
ate and widely accepted test standards and the inconsistencies of the classification systems. This paper is part 
of a larger experimental study on clogging carried out over the last 4 years on more than 20 natural fine- 
grained soils sampled from real EPB-TBM tunnel projects and subjected to a series of tests aimed at determin
ing the clogging potential. The results of the laboratory tests were systematically compared, highlighting the 
advantages and limitations of each test and exploring the correlations between them. The results of this inves
tigation, also in light of the great number of tests performed on a wide range of natural soils, can be of assist
ance in making informed use of the existing laboratory tests and clogging risk classification systems.
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1 INTRODUCTION

Clogging is one of the most critical issues in the exca
vation of tunnels with Tunnel Boring Machines 
(TBMs) in fine-grained soils. The phenomenon of 
clogging is essentially due to the so-called adhering 
and cohering; the former refers to the forces exchanged 
between soil particles and metal components of the 
TBM cutterhead, the latter to the forces exchanged 
between soil particles (Thewes and Burger, 2005). The 
occurrence of clogging leads to the increase in torque 
and consumption and, in extreme cases, to the block
age of the cutterhead.

When excavating with TBMs equipped with Earth 
Pressure Balance technology, it should also be con
sidered that it is necessary to modify the characteris
tics of the excavated soil in order to make it suitable 

for transmitting a stabilization pressure to the exca
vation face.

This is done by conditioning the soil, that is the 
addition of water, foam and possibly other additives 
such as polymers or others. Conditioning, from 
physical, chemical and mechanical points of view 
has a number of effects on the excavated soil, 
mainly summarized as: (1) change in water content 
and consequently in consistency index; (2) change in 
the degree of saturation by injection of foam com
posed mainly of air; (3) chemical modification of the 
soil with more or less noticeable and lasting effects 
depending on the chemical composition and dosage 
of the conditioning agents injected.

For the purposes of this publication, it is important 
to consider that the conditioning process, in addition 
to chemically modifying the soil, changes its water 
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content and, consequently, its consistency in a range 
which is generally considered between the 0.4 and 
0.6 (Feinendegen et al, 2010; Hollmann and Thewes, 
2013). From this point of view, therefore, it is of par
ticular interest to know the evolution of the clogging 
phenomenon as the consistency index changes.

The study of clogging should start from the ana
lysis of the characteristics of the soil to be excavated, 
as the correlation of this phenomenon with certain 
characteristics, such as the percentage of clay and the 
plasticity of the soil, is rather well known. Indeed, 
there are different abacuses and classification 
schemes in the literature (Thewes and Burger, 2004; 
Hollmann and Thewes, 2013; Fang et al., 2023) that 
are quite useful in understanding the “potential clog
ging” of certain formations based on the analysis of 
their grain size distribution and Atterberg limits.

To investigate the phenomenon, several tests have 
been proposed over time, starting with the Hobart 
mixing test, in the original and later integrated and 
modified versions (Zumsteg and Puzrin, 2012; de 
Oliveira et al., 2019), and the pull-out test in flat, 
conical, and convex versions to assess the clogging 
potential (Feinendegen et al, 2010; Di Giulio et al., 
2018; Spagnoli et al., 2019; Khabbazi et al., 2019). 
The study of clogging is constantly evolving and 
new tests and models are proposed annually in an 
attempt to refine the predictive capabilities of this 
phenomenon (Chen et al., 2022; Fang et al., 2023).

Each of these tests and models, however, has its 
advantages and limitations and it is only able to pro
vide a partial view of the problem; therefore, con
ducting multiple tests and evaluations in parallel can 
be an effective methodology in order to achieve the 
broadest and most complete picture possible. None
theless, universally accepted procedures for the evalu
ation of a soil’s clogging potential are still lacking.

To fill this gap, an experimental research project 
has been underway for several years, systematically 
testing a large number of natural fine-grained soils. 
The first results of this research project were initially 
published in Sebastiani et al. (2024), where the results 
of mixing and pull-out tests were compared, highlight
ing strengths and weaknesses, and also finding useful 
correlations between the results of the two tests and 
between the test results and the clay fraction.

This paper builds on the initial findings by extend
ing the investigation to soils with higher clay content 
and higher plasticity. The results presented herein 
also allow to further test the validity of the previous 
findings against a larger data set.

Testing is currently continuing on an even larger 
scale and on a wider range of natural soils. Several 
conditioning agents are also being tested.

2 MATERIALS AND METHODS

As mentioned above, this study builds on the find
ings reported by Sebastiani et al. (2024) by extending 
the experimental research to soils with higher clay 

content and higher plasticity. Samples S9, S10 and 
S11 were carefully collected at the tunnel excavation 
depth at three different jobsites and characterized to 
determine their intrinsic properties.

2.1  Soil samples

Table 1 and Table 2 list the grain size distributions 
and the Atterberg limits of the soil samples deter
mined according to ASTM D6913, ASTM D4318 
and AGI Recommendations. LL and PL represent 
respectively the liquid and the plastic limit, PI the 
plasticity index and A the activity of the clay.

Along with the samples used in this study, the prop
erties of the samples used by Sebastiani et al. (2024), 
samples S1 to S8, are reported for convenience.

2.2  Laboratory tests

The samples were tested to measure their clogging 
potential (Hobart mixing test and pull-out test). Prior 
to laboratory testing, the samples were completely 
dried, quartered and then brought to the desired 
water content. The tests methods are briefly 
described below.

2.2.1 Hobart mixing test
The Hobart mortar mixer (Figure 1) for soil condi
tioning testing, described by Zumsteg and Puzrin 
(2012), is often used to produce a homogeneous 
clay-chemical paste.

To quantify the clogging potential of soft clayey 
mixtures, the weight of soil sticking to the mixing 
tool after mixture preparation can be weighted; the 
clogging potential increases as this weight increases.

The stickiness ratio λ, which quantifies the ten
dency of the soil paste to remain stuck on a mixing 
tool, is defined as:

where GMT is the weight of soil sticking to the 
mixing tool and GTOT is the total weight of soil 
involved in the mixing process.

Table 1. Grain size distribution of the soil samples.

Sample Clay % Silt % Sand % 

S9 45 42 13
S10 50 38 12
S11 47 51 2
S1 40 60 0
S2 37 43 20
S3 50 42 8
S4 28 52 20
S5 12 38 50
S6 35 65 0
S7 24 51 25
S8 30 58 12
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2.2.2 Pull-out test
The pull-out test, in its many variations, is a widely 
used system for indirectly assessing the clogging 
potential by measuring the pull-out force registered by 
a tool first placed in contact with the sample. Different 
authors, following different approaches, have used this 
test to measure both the clogging tendency of a soil 
and the beneficial effects of soil conditioning (Feinen
degen et al, 2010; Di Giulio et al., 2018; Khabbazi 
et al., 2019).

The most common versions of the test are those 
proposed by Feinendegen et al. (2010), using a conical 
tool, and by Thewes and Burger (2005), using a flat 
plate. In this study, the modified version described in 
Sebastiani et al. (2024) was adopted, essentially apply
ing the same test methods but with a slightly convex 
plate (Figure 2).

3 RESULTS

In this section, the results of the laboratory tests will 
be presented and discussed; particular focus will be 
placed on correlating the results obtained with the 
water content and IC value of the soil samples tested.

The following Figures 3, 4 and 5 show the results 
of the Hobart mixing tests performed on soil samples 
S9, S10 and S11 at different water contents w (and 
hence consistency index Ic). The results are interpol
ated by a Gaussian curve as a function of Ic. The 
results are well fitted by Gaussian curves for all 

Table 2. Atterberg limits of the soil samples.

Sample LL % PL % PI % A 

S9 57 17 40 0.88
S10 94 33 60 1.21
S11 62 26 37 0.78
S1 40 20 20 0.50
S2 36 21 15 0.41
S3 65 25 40 0.80
S4 48 24 24 0.86
S5 27 19 8 0.67
S6 46 22 24 0.69
S7 35 20 15 0.63
S8 48 19 29 0.97

Figure 1. Hobart mixing test equipment.

Figure 2. Detail of the pull-out test plate.

Figure 3. Hobart mixing test results for soil S9.

Figure 4. Hobart mixing test results for soil S10.
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three soils studied. It should be noted that at high 
values of IC there are some difficulties in performing 
the mixing test, which lead to consider the branch of 
the curve associated with lower values of Ic more 
reliable (de Oliveira et al. 2019).

Figures 6, 7 and 8 show the results of the pull-out 
tests carried out on soil samples S9, S10 and S11 at 
different water contents. Again, the results are well 
interpolated with a Gaussian curve. It can be noted 
that these results are substantially in agreement with 
those of the mixing test in terms of consistency 
index, with the peak values slightly shifted towards 
higher values of Ic.

Finally, Figures 9 and 10 compare the results of 
this study with those obtained by Sebastiani et al 
(2024) in terms of mixing tests and pull-out test 
results respectively.

Figure 5. Hobart mixing test results for soil S11.

Figure 6. Pull-out test results for soil S9.

Figure 7. Pull-out test results for soil S10.

Figure 9. Comparison of the mixing tests results.

Figure 8. Pull-out test results for soil S11.
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By comparing the results obtained through the 
mixing tests performed on all the investigated clays, 
it can be noted that, although the more clayey and 
plastic soils (i.e. higher CF and PI) have a slightly 
shifted peak toward higher consistency indices, there 
are no remarkable differences in terms of maximum 
stickiness ratio. Instead, the Gaussian curves 
obtained through the pull-out tests highlight that as 
the clay fraction and plasticity increase, the peaks of 
the curves increase and are slightly shifted toward 
higher Ic values (lower water content). This results 
further confirm the effectiveness of the pull-out test 
in measuring the clogging potential, as it is well 
known that the clogging risk increases with the clay 
fraction and the soil plasticity.

4 CORRELATIONS WITH CLAY FRACTION 
AND BETWEEN TESTS

As said, this study aims to extend the results reported 
by Sebastiani et al. (2024) to soils with higher clay 
fraction and plasticity, and also to test the validity of 
the correlations found in the above study by adding 
new results to the data set.

The following Figures 11, 12 and 13 show the 
correlation between the values of peak adherence λpk 
and pull-out force Fpk estimated through the Gauss
ian parameters and clay fraction CF, overlaid on the 
interpolation proposed by Sebastiani et al. (2024).

The results show that the correlations remain 
valid also in light of the new data, accounting for 
some dispersion of the experimental data. The 
behaviour shown by the new soils strengthens the 
experimental bases on which the correlations are 
based and extend it to fields (i.e. Fpk > 200 N) that 
previously could not be reached.

The new pull-out results are in better agreement 
with the correlations than the mixing tests ones. 
Pending further investigation, this suggests that the 
pull-out test is more versatile and more effective in 
providing a measure of the clogging potential of 
soils with higher clay content and higher plasticity 
index.

5 CONCLUSIONS AND FUTURE 
DEVELOPMENTS

This paper is part of a larger study focused on the 
determination of the clogging potential of natural 
soils through laboratory tests. The research activity 
carried out, now for several years, has been based on 
a few basic fundamentals: 1) performing laboratory 
tests on natural soils from real tunnels and under
ground works projects; 2) correlating the results of 
laboratory tests performed to measure the clogging 
risk to a strong and comprehensive geotechnical 
characterization and 3) developing laboratory tests in 
parallel to investigate their limitations and reliability, 
to compare results and provide useful correlations.

Figure 10. Comparison of the pull-out tests results.

Figure 11. Correlation between estimated mixing peak 
values and clay fraction.

Figure 12. Correlation between estimated pull-out peak 
values and clay fraction.
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The experimental activity described in this paper 
aimed to extend the findings of Sebastiani et al. 
(2024) to soils with higher clay content and plasticity 
and to test the validity of the proposed correlations 
in light of the new data.

The new data confirm that:

– gaussian curves well describe the mixing and 
pull-out results with respect to water content and 
consistency index;

– the peak of the gaussian curves resulting from the 
pull-out tests is slightly shifted towards higher 
values of consistency index than that provided by 
the mixing tests;

– the pull-out tests shows a greater sensitivity in 
measuring the clogging potential as its results 
amplify the differences between various soils.

The results also allowed to:

– the correlation between mixing test results and 
clay fraction seems to be weaker than that with 
the pull-out test results;

– extend the validity range of these correlations for 
Fpk values above 200 N;

– find that as the clay fraction of the soil and plasti
city increase, the peaks of the curves increase and 
are slightly shifted toward higher values of con
sistency index (lower water content)

– observe that the pull-out test is more effective in 
detecting the increase in clogging potential associ
ated with higher clay content and plasticity index.

ACKNOWLEDGMENTS

The authors would like to thank Dr. Andrea Di Biase 
for his commitment and contribution in carrying out 
the experimental laboratory activities presented in this 
paper.

REFERENCES

Alberto-Hernandez, Y., Kang, C., Yi, Y., & Bayat, A., 
2018. Mechanical properties of clayey soil relevant for 
clogging potential. International Journal of Geotechnical 
Engineering, 12(6), pp. 529–536.

Associazione Geotecnica Italiana, 1994. Raccomandazioni 
sulle prove geotecniche di laboratorio.

ASTM D4318, 2017. Standard Test Methods for Liquid 
Limit, Plastic Limit, and Plasticity Index of Soils. 
ASTM International, West Conshohocken, PA, USA.

ASTM D6913, 2014. Standard test methods for particle-size 
distribution (Gradation) of soils using sieve analysis. 
ASTM International, West Conshohocken, PA, USA.

Avunduk, E., & Copur, H., 2019. Effect of clogging on 
EPB TBM performance: a case study in Akfirat waste 
water tunnel, Turkey. Geotechnical and Geological 
Engineering, 37(6), pp. 4789–4801.

Baghali, H., Chakeri, H., Sharghi, M., & Dias, D., 2020. 
Effect of Soil Moisture and Granulometry on Soil Con
ditioning for EPB-TBM Tunneling: Case Study. Journal 
of Testing and Evaluation, 49(1).

Chen, Z., Bezuijen, A., Fang, Y., Wang, K., & Deng, R. 
(2022). Experimental study and field validation on soil 
clogging of EPB shields in completely decomposed 
granite. Tunnelling and Underground Space Technology, 
120, 104300.

de Oliveira, D. G., Thewes, M., & Diederichs, M. S., 2019. 
Clogging and flow assessment of cohesive soils for EPB 
tunnelling: Proposed laboratory tests for soil 
characterisation. Tunnelling and Underground Space 
Technology, 94, 103110.

Di Giulio, A., Sebastiani, D., & Miliziano, S., 2018. Effect 
of Chemicals in Clogging Risk Reduction for 
TBM-EPB Application. In Proceedings of the World 
Tunnel Congress 2018-The Role of Underground Space 
in Building Future Sustainable Cities.

Fang, Y., Chen, Z., Song, T., Wang, K., & Zhou, K. 2023. 
New clogging potential assessment method for condi
tioned soil based on modified pullout and direct shear 
tests. Acta Geotechnica, 18(6), 3307–3322.

Feinendegen, M., Ziegler, M., Spagnoli, G., Fernández- 
Steeger, T. & Stanjek, H., 2010. A new laboratory test 
to evaluate the problem of clogging in mechanical 
tunnel driving with EPB-shields. Rock Mechanics in 
Civil and Environmental Engineering, pp. 429–432.

Feinendegen, M., Ziegler, M., Spagnoli, G., & Fernández- 
Steeger, T., 2011. Evaluation of the clogging potential in 
mechanical tunnel driving with EPB-shields. Proceed
ings of the 15th ECSMGE, Athens, IOS Press.

Hollmann, F. S., & Thewes, M., 2013. Assessment method 
for clay clogging and disintegration of fines in mechan
ised tunnelling. Tunnelling and Underground Space 
Technology, 37, pp. 96–106.

Khabbazi, A., Ghafoori, M., & Cheshomi, A., 2019. 
Experimental and laboratory assessment of clogging 
potential based on adhesion. Bulletin of Engineering 
Geology and the Environment, 78(1), pp. 605–616.

Mori, L., Mooney, M., & Cha, M., 2018. Characterizing the 
influence of stress on foam conditioned sand for EPB 
tunneling. Tunnelling and Underground Space Technol
ogy, 71, pp. 454–465.

Pirone, M., Sebastiani, D., Carriero, F., Sorge, R., 
Miliziano, S. & Foti, V., 2019. The management of the 
soil conditioning process for the excavation of the Rome 
Metro C line. Proceedings of the World Tunnel Con
gress 2019 - Tunnels and Underground Cities: 

Figure 13. Correlation between estimated mixing and 
pull-out peak values.

2776



Engineering and Innovation meet Archaeology, Archi
tecture and Art. Naples, Italy.

Sebastiani, D., Di Giulio, A. & Miliziano, S., 2017. La ges
tione del condizionamento del terreno nello scavo mec
canizzato di una galleria con TBM-EPB: risultati di una 
attività sperimentale. Incontro annuale dei Ricercatori di 
Geotecnica. Matera, Italia.

Sebastiani, D., Vilardi, G., Bavasso, I., Di Palma, L. & 
Miliziano, S., 2019a. Classification of foam and foaming 
products for EPB mechanized tunnelling based on 
half-life time. Tunnelling and Underground Space Tech
nology, 92, 103044.

Sebastiani, D., de Lillis, A., Di Giulio, A. & Miliziano, S., 
2019b, July. Effects of Thickeners Polymers Used in 
Tunnelling on the Physical and Mechanical Properties 
of Fine-Grained Soils. In National Conference of the 
Researchers of Geotechnical Engineering Springer, 
Cham. pp. 678–685.

Sebastiani, D., Miliziano, S., Vilardi, G., Bavasso, I., Di 
Palma, L. & Di Giulio, A. 2019c. Chemical interaction 
between fine-grained soil and foaming agents in tunnel
ling with TBM-EPB”, 17th European Conference on 
Soil Mechanics and Geotechnical Engineering, 
ECSMGE 2019 - Proceedings.

Sebastiani, D., de Lillis, A., & Miliziano, S., 2024. 
A comparison of laboratory tests for the evaluation of 
clogging risk in mechanized tunnelling. Acta Geotech
nica. Accepted for publication.

Spagnoli, G., Feinendegen, M., & Seidl, W., 2019. The 
impact of mineralogy and chemical conditioning on the 
mechanical and adhesive properties of clays. In XVII 
European Conference on Soil Mechanics and Geotech
nical Engineering 2019. Geotechnical Engineering 
Foundation of the Future.

Thewes M., 1999. Adhäsion von Tonböden beim Tunnel
vortrieb mit Flüssigkeitsschilden. Berichte aus Boden
mechanik und Grundbau der Bergischen University 
Wuppertal, (vol. 21) Wuppertal.

Thewes, M., & Burger, W., 2004. Clogging risks for TBM 
drives in clay. Tunnels &Tunnelling International, pp. 
28–31.

Thewes M, & Burger W., 2005. Clogging of TBM drives in 
clay-identification and mitigation of risks. In: Proceed
ings of world tunnel congress, Istanbul, pp. 737–742.

Zumsteg, R. & Puzrin, A.M., 2012. Stickiness and adhesion 
of conditioned clay pastes. Tunnelling and Underground 
Space Technology, 31, pp.86–96.

Zumsteg, R., Plötze, M. & Puzrin, A., 2013. Reduction of 
the clogging potential of clays: new chemical applica
tions and novel quantification approaches. Géotechni
que, 63(4), pp. 276–286.

Zumsteg, R., Puzrin, A.M. & Anagnostou, G., 2016. 
Effects of slurry on stickiness of excavated clays and 
clogging of equipment in fluid supported excavations. 
Tunnelling and Underground Space Technology, 58, pp. 
197–208.

2777


	Cover
	Half Title
	Title Page
	Copyright Page
	Table of Contents
	Preface
	Acknowledgements
	WTC 2024 Organization
	Planning and general aspects
	Multilateral institutions and governance of urban underground space
	Forecast and trends related to key personnel for mechanised excavation with TBMs
	The common duct in New Taipei City
	Progress and prospect of urban tunnel engineering in China
	New chemicals with reduced carbon footprint
	City Rail Link – City Rail Link: Managing challenges on the pioneer underground metro project in New Zealand
	Nuclear decommissioning in the UK: Cross-sector collaboration and learning with the tunnelling and underground space sector investigating alternative approaches to reactor dismantling and graphite retrievals
	Planning of alignment & proposed actions for tunnel collapse in diverse ground conditions on the steepest railway curves in the Eastern Ghats, India
	Comparison of carbon footprint emissions in tunneling projects using innovative methods
	Collaboration in Moscow Metro development: Analysis of joint construction efforts by Russian and Chinese builders
	The application of technology for resource utilization, reduction, and harmless treatment of subway shield tunneling waste soil
	Development and prospects of railway tunnels in China
	Differentiated driving effects of China’s green transportation facilitiesassessment policy
	Planning and execution of horizontal directional coring method for futuretunnelling works
	Theory meets practice: Evaluating discrepancies between theoreticalsettlement projections and actual measurements in tunnelling projects withtunnel boring machines
	Geotechnical and tunnel engineer’s role on the success of major tunnelprojects delivery
	TBM traffic tunnels for sustainable infrastructure
	Underground space use layout planning using multi-source spatial data
	Tunnelling in a green country – Brenner Base Tunnel study case: Decisionand solutions in construction lot H41 Sill Gorge-Pfons
	Technical challenges and countermeasures of plateau railway tunnels

	Design and methodology
	Observational method and calibration of design safety factors to optimizetechnical-economical solutions in tunnelling projects
	Design of Ontario Line South Tunnel
	Design challenges in conventional tunnelling on the Sotra Link Projectin Norway
	(I)-TM: I-System’s tunnelling method – four years of application in mostchallenging ground in India
	Segment design for Australia’s largest diameter TBM tunnel
	Review of key technologies for design of Dalian Bay Undersea Tunnel
	Design of tunnel brace and retaining structure on East Artificial Island ofShenzhen-Zhongshan Link
	Sustainability of Shihmen reservoir by desilting tunnel in Taiwan
	Advanced countermeasure for encountering heavy gas influx in newWu-shan-ling divert water tunnel
	The “hybrid” tunnel. An innovative solution for urban tunnel in soils. Thecase of Américo Vespucio Oriente AVO1, in Santiago de Chile
	The effect of the movement joint on the seismic response of thecross-passage intersection in segmental tunnel lining
	Development of sustainable criteria for the Italian railway tunnel design
	Analysis on applicability of seismic calculation methods for shield tunnelin Shanghai area
	Validation of joint non-linear numerical analysis with large-scale physicaltesting for arched cut and cover tunnels at HS2 project (UK)
	Innovative application of low-carbon and energy-saving technology inunderground space: A case study of Erlangshan tunnel on Sichuan-Tibetexpressway
	Low carbon emission design concept and method for tunnels andunderground engineering
	Design of the REM Aéroport de Montreal’s P5 Ventilation shaft
	Tunnels and stations design of Montreal Blue Line
	Influence of calculation method on the design of the secondary lining
	Research on smart design and innovation of Jiaozhou bay second tunnel
	Application of a confinement-dependent spalling criterion for tunnelsin highly stressed brittle rock
	Practical considerations of shale swelling impact on underground structuresliner design for Ontario Line transit project in Toronto, Canada
	How to consider the effects of longitudinal joint imperfections on internalforces in segmental tunnel linings
	Athens metro “Piraeus” station: Numerical analysis versus observationalmethod
	Karanga-a-Hape Station MC21 junction – Collaborative solutions forcomplex geology and geometrical constraints - Tackling the challenges atKaranga-a-Hape Station caverns
	Design of temporary cofferdam and deep excavation for cofferdam tunnel ofShenzhen-Zhongshan Link
	Comparative effects of twin-stacked tunnel excavation on adjacentstructure using different simulation models
	Key technology of submarine railway tunnel in complex environment andhigh-water pressure
	Development and innovation of design method for railway tunnel supportsystem in China
	Maungawhau Mined Tunnels - Collaborative design – Management ofdesign amendments for Maungawhau Mined Tunnels for improvedconstruction schedule outcomes
	“SINTEF-TriPOD” in underground design – A demonstration for twoprojects in Norway
	Automatic computation for design of tunnel shafts
	Case study about adjacent three-arch tunnel
	Optimizing the tunnel ventilation design related to respirable dustin tunnelling by using CFD
	Study on the mechanism of tunnel structure damage under the combinedeffects of fault creep and earthquakes
	Theory and practice of total safety factor method for tunnel support structuredesign
	Considerations of the coefficient of subgrade reaction forces on seismicresponse displacement method of a double-circular shield tunnel
	Analysis of key technologies in structural design of prefabricated station ofShenzhen Metro
	Addressing design challenges in large diameter tunnels with big openingsin deep soft ground: Innovative solutions and analysis techniques
	Aseismic mechanism of laminated shear energy dissipation structurein tunnels during an earthquake

	Geotechnics, geology and geophysical prospecting
	An improved simplified solution for the characteristic line of tunnelsin strain-softening rocks
	Estimation of tunnel support loads due to large deformation in squeezingground conditions
	Tunnelling in weak sandstone: A case study of Subansiri LowerHydroelectric Project (2000 MW)
	Correlation of empirical classification systems in squeezing anisotropicenvironment and optimisation of underground supports in a headracetunnel; a case study from Tanahu Hydropower, Nepal
	Hydro-geo-mechanical properties for water flow prediction in tunnelling
	3D Geological reconstruction and application of tunnel face
	Study of microgravity survey to predict the Bukit Timah rock head fortunnelling in Singapore
	Rock drilling aerosol deslagging technology and CFD-DEM two-waycoupling numerical simulation of weak surrounding rock geology
	Uninterrupted continuous forecasting in mechanized tunnelling in rock
	Limits on the estimation of the EPB face pressure. A concrete examplebased on Kalman filter approach
	Experimental study of rheological characteristics of bentonite-baseddrilling fluids
	Optimized electrical exploration for predicting geological transitions aheadof a tunnel based on harmony search algorithm
	High resolution resistivity imaging for assessment of geological conditionsahead of tunnel face in a complex geology
	Tunnel engineering application of assessment technology of karstdevelopment degree based on hydrochemical kinetics and fractal theory
	Model test and analysis of failure mechanism of deep high sidewall tunnelfrom splitting failure to zonal disintegration
	Development and test of directional coring drilling system for advancedgeological exploration
	Geological risks in TBM tunneling and its prediction by HSP method
	Rock abrasiveness in the studies of São Paulo Metro: Tests, classificationsystems, parameters obtained from various lithotypes and their relationshipwith weathering degree
	Phased prediction method for construction period of secondary liningconstruction time of tunnel in squeezed rocks
	Ground characterisation of the Sydney Basin for tunnelling works
	Chengdu-Guiyang High-speed railway—Yujingshan Mountain Tunnelcrossing Giant Karst cave and underground river
	Tunnel behavior in soft soils subjected to pore water pressure drawdown
	The deformation characteristics of soft soil layers with different sandcontent and the time and space effects of foundation pit excavationon the tunnels below
	Non-invasive tunnelling investigations using Muon tomography
	Empirical correlations between ground’s mechanical properties andI-system
	Research on key technology of design of long tunnel in water-rich karstplatform of compound syncline basin*
	Numerical simulation of the mechanism of strain rockburst under truetriaxial loading and unloading conditions
	Sequential 3D geological information system using re-grid of voxel modelbased on exploration data ahead of the tunnel face
	HSP method-based advanced geological prediction and tunneling parameterpre-control technology for super-large diameter pipe-jacking project

	Ground stability and consolidation
	Excavation induced settlement in Sydney area
	A modified approach to assess tunnel excavation stability
	Study on crosslink-induced Xanthan Gum biopolymer treated soil asa subsea tunnel backfill grout for saline condition permeability control
	Fixing of unstable water-saturated soils by artificial freezingfor construction of inter-tunnel joints during metro construction
	Factors impacting thawing-refreezing around tunnels in permafrost soils
	Deformation characteristics of long and narrow deep foundation pit withpartition walls
	Disturbance effect and surrounding rock pressure characteristics of loessshield tunnels
	Numerical simulation of polymer grouting for rock fracture: Influence ofisocyanate index on grout propagation
	Dynamic soil response around a shallow rectangular tunnel and adjacentbuilding
	Chemical-combined jet grouting for mass treatment of break-in areain Vietnamese urban underground construction
	A systematic deformation control methodology for underground spaceconstruction in close proximity to an existing metro station
	Study on diffusion mechanism of backfill grouting in sand and claystratums
	Influences of stress-dilatancy rule on the derivation of ground responsecurve for deep-buried tunnels
	The use of jet grouting technology: An overview of the differentapplications in tunnelling
	Stability analysis of surrounding rock in a highway tunnel crossinga water-rich fault fracture zone
	Selection of an ontological model for phyllite tunnel based on on-sitemeasured
	Analysis of stability of rock column between cut & cover metro station andNATM tunnels
	The freezing technique for the world’s longest railway tunnel
	Stability of portal slopes of a diversion tunnel after the Kahramanmaraş,Turkey (Türkiye) February 6, 2023 Earthquakes
	Numerical analysis of the deformation of undersea tunnel crossing faultzone
	Research on surrounding rock by shallow tunnelling in Boulder-CobbleMixed Formation: Instability characteristics and control strategies
	Practical approach for the control of surface settlements due to TBMtunnelling during excavation by following up of monitoring
	Jet grouting soil improvement to excavate a tunnel under passing the A4Milano-Venezia motorway for the extension of the line 1 of the Milan metro
	Study on the mechanical behavior of the vertical pre-reinforcement
	Marble sludge in two-component grout applications
	Study of support design and construction results of unconsolidated in AsoCaldera
	State of the art of soil conditioning technology for earth pressure balanceshield tunnelling
	Numerical prediction of tunnelling-induced displacement field in large andvery shallow tunnels
	Stability numerical investigation of laminated and randomly discontinuousflat roof
	Responses of a shallow tunnel in liquefiable ground subject to multipleshakings
	Failure mechanism of reinforced faces and design method of advancedsupports for tunnels excavated by the full-face mechanized method
	Key technologies and safety analysis of deep foundation pit constructionin a sea area
	Data-driven stability analysis and uncertainty quantification of surroundingrock mass for tunnel
	Study on settlement deformation of existing structures under ultra-largediameter shield tunnel*

	Support and lining
	Rock bolt design, A numerical parametric study
	The effect of a frictional interface in a preliminary yielding support fora deep tunnel
	Numerical calculation approach for the design of segmental tunnel liningequipped with inflatable O-ring sealing
	The mechanism, functioning and installation of reinforced ribs of shotcretein Norwegian Method of Tunnelling (NMT)
	Shotcrete structural behaviours as tunnel support in hard jointed rocks –Swedish state of the art
	Study on the influence of cracks on mechanical behaviors of tunnel liningof high speed railway with a speed of 400 km/h
	Design and verification of shear key support system for segmental liningopenings at cross passages using non-linear finite element model
	Environmental and economic advantages in using HPFRSCC in tunnelling
	Structural and sustainability requirement with high performance fibrereinforced precast segment carbon counting example
	Research on reinforcement measures for soft plastic loess tunnel base
	Analytical solution to failure history of segment joint with inclined steel bolt
	Numerical analysis of two deep circular shafts at a former gas works site onthe London Power Tunnels Phase 2 scheme
	Comparative analysis of simplified solutions for the radial joint behaviourof segmental tunnel linings with finite element numerical modelling
	Steel lining support in headrace tunnel of Uma Oya Project, Sri Lanka
	Durability of two-component backfill grout: An experimental study
	Tangential resistance between primary and secondary lining with PVCwaterproofing sheet membrane
	Carbon reduction in conventional tunnelling by advanced design
	Advanced joint non-linear design analysis and verification of the arched cutand cover tunnels at High Speed 2 project (UK)
	The stiffness of circular joints and its effect on the deformation of thetunnel segmental lining along the longitudinal direction
	Comparison of structural load-bearing performance between precast andcast-in-place permanent linings
	Development and application of highly adaptable lining equipment forcomplex tunnels with variable sections
	Mechanism of anchor cable in super-span tunnel and its design method
	Using orthogonal flexible support structure to deal with large deformationof soft surrounding rock tunnel: A case study
	Study on railway tunnel lining anti-crack surface reinforcementstrengthening and design method
	An innovative primary support system of steel shotcrete composite structurein the tunnel
	Stress analysis of high geothermal tunnel lining structures consideringdifferent cooling measures
	Thrust jack loading of large diameter precast segmental tunnel lining
	Computational approaches towards segmental linings with a reducedenvironmental impact
	Snowy 2.0 - Support design for intersections between access tunnel andcaverns
	Research on high-quality and high-durability of tunnel liningby mixing volcanic glass powder
	Achieving high load-bearing capacity linings in sprayed concrete andsegmental linings with high-performance steel fibres
	EN 14488-3 notched panel versus EN 14651 notched beam testing forpre-construction trial conformance testing of Sprayed Concrete Linings (SCL)
	Tunnel lining design in hard rock conditions. application of observationmethod. A case study of a large-scale tunnel cavern for underground trainstation
	Risk assessment and large diameter segmental lining design in swellingground
	The numerical analysis for the segments floating mechanism of thelarge-diameter shield tunnel in the Rich Water Strata
	Analysis of composite shell lining based on laminated theory
	Singapore’s land transport authority: 25 years of sprayed concrete liningtunnelling
	Design of precast bolted universal segmental tunnel lining for the LondonPower Tunnels phase 2 scheme
	Value engineering of concrete mix to save 230 tonnes of steel fibre for thewest section of the Thames Tideway Tunnel
	Dynamic response characteristics of ultra-shallow buried metro stationstructures under surface vibration load
	Mechanical response and fault-resistant design of urban shallow subwaytunnel under normal fault
	Analytical solution for longitudinal response of cross-fault mountaintunnels based on foundation beam model
	Experimental study on mechanical properties of grouted π-type SCCS arch
	Study on deformation joint width of mining tunnel under the operation ofa normal fault
	Analysis of issues in the theory and calculation methods of compositelining for hard rock tunnels
	Analysis of mechanical behavior and engineering suggestions fordouble-arch tunnel without middle drift
	A mechanical analysis model for tunnels crossing active fault zones
	Study on mechanical characteristics of a DDCI connection structure forlongitudinal joints
	Research on support parameters of the second Jiaozhou Bay Subsea tunnelbased on the total safety factor method
	Research on the airproof performance of shield tunnel segment sealinggasket based on laser surface microstructure
	Research on the application of marine engineering mass concrete withanti-cracking agent
	Development and application of wall-climbing grinding robot for tunnellining steel formwork
	Retrospective analysis of the design and manufacture of a case of steel fibrereinforced segmental lining in view of the actual behaviour of some ringson site
	Robustness evaluation on non-circular segmental tunnel linings: Case studyon quasi-rectangular shield tunnel
	The effect of polypropylene fiber on the strength and crack propagation offoam concrete
	Research on construction technology of drilling and blasting tunnel basedon load adjustment control technology
	Construction and applicability of using double supports in a largeoverburden ground conditions as a countermeasure to suppressdisplacements
	Mechanical evolution mechanism of primary support under steel archframe corrosion in subsea tunnel
	Effect of excavation on the pipe roof deformation under the action of thepipe roof-beam support system
	Study on horizontal earth pressure of segment considering the influenceof backfill grouting pressure
	Impact of base rock deterioration on the mechanical characteristics ofloess-expansive mudstone tunnel lining structure

	Conventional tunnelling
	Crystalline silica exposure in tunnel construction: Identifying barriers tosafe practices
	Design and construction optimisation of the Karanga-a-Hape Station minedtunnels and bored tunnel cross passages on the City Rail Link project
	Experiences during tunnelling in extreme ground conditions in theHimalayas - Excavation of Rohtang Tunnel, India
	The impact of ramp width on tunnel face stability during ramp excavation
	Deep underground mined cavern excavations in Auckland city centre, NewZealand
	Construction of Girgaon Station of Mumbai metro line – 3, a combinationof cut & cover and conventional tunnelling and mix of social and technicalchallenges in congested urban environment
	Challenges in the conventional tunnel mixed-face execution
	Research on key technologies for the construction of extra long tunnels ongreen roads in karst peak cluster areas
	Challenges and lessons learned from 100 km of major hydropower tunnelsin Bhutan
	Design and construction considerations for cross passages in Bangkoksubsoil
	Construction of underground rail tunnel above deep tunnel sewerage system
	A study of merits and demerits of steel decking verses concrete deckingfor traffic management and construction logistics during construction ofunderground metro stations for Colaba-bandra-seepz (line 3) inMumbai, India
	Automatic blasting design and construction system optimized for geologicalconditions
	Effect of focusing tube geometry and abrasive flow rate on rock drillingwidth
	Development of advanced tunnel blasting and shotcrete as automated tunnelconstruction system
	Unforeseen excavation of mixed face soil conditions in a hard rock drill andblast road tunnel
	Evaluation of removable time of tunnel lining formworks using surfacewave techniques
	Construction of desilting chambers and connecting tunnels for VishnugadPipalkoti He Project (444MW) in adverse geological conditions and veryremote location - A case study
	Construction of Tunnel T-49A on Dharam – Qazigund section ofUdhampur-Srinagar-Baramulla New BG railway line project in highlyadverse geological conditions- A case study
	Construction of a new tunnel in proximity to an in-service tunnel byimplementing measures to control blasting vibration and grounddisplacement
	Cross passage tunnel excavation by core cutting machine (Stitching)and hydraulic rock splitters in hard rock at Mumbai Metro Station Line-03(Aqua Line)
	Test and research on load spectrum of tunnel drill jumbo
	Experimental study of step method construction in soft and brokensurrounding rock section of super-long and large section tunnels
	Innovative practice of mechanized and intelligent construction technologyfor railway mountain tunnel drilling and blasting method
	The Brenner Base Tunnel: An overview of the excavation types used in theproject
	Key construction technologies for high-speed railway tunnelsthat with shallow buried depth and gentle slope in loess platform
	Construction procedures of the tunnel for the extension works of MadridMetro Line 3 from Villaverde Alto to El Casar
	Deformation failure characteristics and control measures of shallow loesstunnel of water-rich stratum: A case study
	Impacts of the February 2023 Kahramanmaraş, Turkey earthquakes onoutlet works in rock formations
	Research and development support for the construction of the big circle lineon the example of the line’s intersection with the existing facilities of theMoscow metro
	Evaluation of impacts on existing structures induced by deep excavations inBangkok MWA project

	Mechanized tunnelling (TBM, shield)
	Investigation of vibration patterns generated during rock cutting tests
	Bio-polymer sodium alginate application as an eco-friendly additive inslurry TBM excavation
	More efficient, cost-effective and reliable Slurry Treatment Plants (STPs)for mechanized tunnelling operations in the Asia-Pacific region
	An evaluation of using different excavation methods related to specificgeologic conditions in the Istanbul area
	Critical issues in selecting conventional and mechanized tunnellingmethods, lessons learned from the past
	Computational modeling of cutting disc-rock interaction in mixed groundconditions
	Pumice mineral using as a backfill grout injection in TBM excavations
	Performance analysis of TBM excavation parameters related tosmall-diameter horizontal and inclined tunnels
	Wear prediction of disc cutter tools during shield tunnelling in compositestratum based on improved deep learning method
	A modified foam half-life time test method for EPB shield tunnelling
	Automatic excavation system for directional control in shield tunnelingusing machine learning techniques
	Influence analysis and control measures of super-large diameter shieldtunnel undercrossing the existing tunnel in upper-soft and lower-hardcomposite stratum
	Influence of TBM cutter configurations on gravel excavation characteristicsrevealed by discrete element method
	Research on the application of high-strength burn-free building blocksmade from shield muck
	The key technology of large section pipe jacking for main structure ofstation in complex water-rich sand bed
	Box jacking construction technology for large cross-section box culvertspassing under existing high-speed railways
	City Rail Link – bored tunnel challenges in Auckland city centre,New Zealand
	Research and application of multi-curve small turn continuous belt conveyor*
	Slurry treatment technology based on calcium oxide and seawater ofextra-large diameter slurry balance shield machine in Zhuhai area muddysilty clay stratum
	Field monitoring and numerical modelling of ground heaves due to shieldtunnelling in soft ground conditions
	Research and application of key technologies for the TBM tunnelconstruction under extremely complex geological conditions
	Evaluations and considerations on the squeezing rock tunnelling in twinTBM tunnel of Rishikesh to Karanprayag railway project in Himalaya
	Structural behaviour machenism of vertical jacking method on largesections and influencing factors analysis
	Research on the automatic and synchronous construction technologyof fully prefabricated internal structures inside large-diameter shieldtunnels
	The Sicilian job, 21 TBMs simultaneously at work to modernize the railwayinfrastructure of the largest island in the Mediterranean Sea
	Evaluating TBM design and performance, 30 years apart: The LesothoHighlands Water Tunnel, phase 1 and phase 2
	Load condition effect based on functional model for the ultimate bearingcapacity of segmental lining
	Negligible ground surface movement with EPB TBMs in Singapore marineclay and fluvial sand
	Development and application of supersized tunnelling technology forChina’s large-scale construction of underground infrastructure
	Failure analysis and coping suggestions for TBM tools under complicatedgeological conditions
	Construction method for rapid construction of station by use oflarge-diameter shield tunneling machines expanding small-diameter shieldtunnels and its application
	Breaking the tunnel vision: Generalizing TBM performance predictionacross projects
	Study on soil discharge efficiency of earth pressure balance shield tunnelingin deep buried depth sandy strtum
	Muck discharge efficiency depending on soil conditioning bylaboratory-scale model test
	Use of biomass as soil conditioner to improve clay rheology in EPBtunneling
	TBM jamming and statistical estimators: Case of a long and deep tunnel
	Construction of a Horseshoe-shaped trenchless tunnel using the rectangularelement propulsion method
	Decision-making approach for parallel earth pressure balance machineadvancements for tunnel construction
	Short launch of TBM to overcome economic and logistic difficulties in SriLanka
	Adaptability design and application of TBM cutterhead in Beishanextremely hard rock geological conditions
	Real time estimation and early warning of rock mass strength and integrityin TBM tunneling
	Three-dimensional centrifuge modelling of the effects of TBM on adjacentpiles
	Geotechnical dimensioning of TBMs and new technological challenges
	Line 2 y Ramal - Red Básica Metro Lima y Callao – Conditioningof different types of soils encountered during the tunnel excavationswith 2 TBMs (EPB and Variable Density)
	Large diameter slurry TBM tunnels with very low cover: A comparisonof approaches
	The mechanised excavation of the exploratory tunnel of the Brenner BaseTunnel: The major challenges
	Excavation management system for mechanized tunnelling in urban areas
	Advancing mechanized tunneling through integrated digital design,simulation, and data-driven techniques
	TBM design and special features for boring through highly squeezingground
	The application of tunnel boring machines in the execution of incline anddecline tunnels in mining projects
	Soil conditioning for TBM performance advancement in mixed geology
	Tunnel excavation with EPB: Development of new conditioning agents toreduce the amount of water required for soil conditioning
	Managing tunnelling risks in urban environment using first earth pressurebalance/variable density slurry Tunnel Boring Machine (TBM) inHong Kong for the MTR East Rail Line Cross Harbour Extension of theShatin Central Link project
	Is a large TBM diameter unfavourable under squeezing conditions?
	Developments in large diameter subaqueous tunnels
	Design and construction excellence at Tuen Mun-Chek Lap Kok Linktunnels: An engineering marvel beyond boundaries
	TBM sub-sea tunnelling in the Arabian Gulf
	Green TBM: Design targets, features and power efficiency
	On the interplay between face extrusion and shield loading in squeezingconditions
	Research on curved tunneling and bending angle calculation of articulatedshield tunneling machine*
	Analysis of motion characteristics of large-sized irregular particles in longpipelines
	Experimental study and simulation verification of slurry penetration process
	Passage of TBM EPB under buildings with deep foundations, with physicalinterference
	TBM performance in rock conditions of water diversion tunnelconstructions (Mae Ngad-Mae Kuang tunnel) in Chiang Mai Province,Thailand
	A new AFTES guideline: Suitability and selection process of pressurizedTBMs in urban contexts
	JWPCP effluent outfall tunnel in Los Angeles, California – Anticipatedchallenges and slurry TBM performance in the soft ground section of thealignment
	A review of deterministic approaches in the performance evaluation ofRaise Boring Machines (RBMs)
	Distinctive considerations in the design and construction of large diameterTBM-built tunnels in urban environment – a UK perspective (ID: 379)
	Smarter, larger, leaner, greener – trends of the tunnelling industry towardsa sustainable future in the United Kingdom
	Tunneling successes in West Los Angeles - Purple Line Project Section 3
	Application of EPB-TBM dual-mode shield tunneling technology inShenzhen Metro
	A newly developed reduced CO2 backfill grout system for TBM operations
	Successful tunnelling in the desert, Wakrah and Wukair Drainage Tunnel,Doha, Qatar
	TBM design for operation in gassy formation
	Successful steering control with partial soil excavation for station crossingof a 13.08 m diameter EPB TBM in Lodz, Pola
	Planning, design and construction for mechanised cross passage excavation
	A study on intelligent assembly technology for Mid-partitions in shieldtunnels and application
	Creative design for Herrenknecht TBM used in Jiangyin Jingjiang YangtzeRiver crossing tunnel construction
	Research on settlement control of large diameter shallow buried shield tunnel crossing railway and reservoir embankments
	Slaking characteristics of clay blocks and the influence of dispersant
	Revealing inherent mechanism affecting loess-metal interface adhesionproperties: Insights from macro- and atomic-scale tests
	Challenges and solution of super large diameter TBM tunnel constructionin urban center
	Research on vertical dry tailings conveying technology and equipment of shaft boring machine
	Study on classification prevention and control technology of hard rockrockburst in TBM construction
	Prediction model of TBM tunneling speed based on geological parameters
	Research on prefabricated metro station structure and key assemblytechnologies
	Numerical investigation of the excess pore water pressure generated byTBM tunnelling in saturated and unsaturated aquifers: A comparable study
	Launching technology with shallow overburden for super-large diameter slurry shield
	Experimental research on foam performance and intelligent injection control of foam additive system of tunnel boring machine
	Visualization study on stability of shield tunnel face with transparentsoil model
	Application study of combined machining in the cutterhead design for hardrock tunnel boring machine
	Shield self-driving technology and its application
	Research on frontier technology of shield machine/hard rock machineselection and mode innovation
	Development and application of a synchronous shield tunnelling technologycombining advancement and segment fabrication

	Immersed tunnels
	Achieving sustainable immersed tunnel projects
	Research on fire resistance limit standard of steel-encased concreteimmersed tunnel structure
	Stability and deformation analysis of dry dock slope in Haihe Tunnel,Tianjin, China
	Research on online intelligent prediction of service status of immersedtunnel based on artificial intelligence
	Key developments of world’s immersed tunnel design and construction solutions
	Structural optimization design of seamless expansion joint based on finiteelement analysis
	Analysis and research on seismic effects of immersed tunnel joints ofShenzhen-Zhongshan Link
	Seismic resilience assessment for longitudinal response of immersedtunnels
	Void detection method and its application for steel shell-concrete interfaceof immersed tube tunnel
	Assessment of operational limits for tunnel element transport usinga shallow draft semi-submersible barge
	Research and application of steel intelligent manufacturing of Shen-ZhongLink steel sandwich immersed tunnel
	Research and application of transportation and landing technology forShen-Zhong Link super large steel shells of immersed tunnel
	Innovative research on key technologies for dredging construction ofimmersed tunnel
	Immersed tunnels – knowledge sharing in the past showing the waytowards sustainable solutions in the future
	Small-scale model test for the dynamic behavior of submerged floatingtunnels considering the coastal connection with subsea bored tunnels
	Mechanical behaviors of steel-concrete-steel immersed tunnel compositestructures
	Key technologies of concreting construction of super-wide steel-concretesteelsandwich immersed tunnel element tubes in Shenzhen–Zhongshan Link
	Experimental study on the typhoon resistance by placingShenzhen-Zhongshan Link immersed tunnel element on the seabed
	Assessing the suitability of coarse sand for the sand flow method inimmersed tunnel foundations
	Ventilation and smoke exhaust technical scheme of super wide sectionimmersed tunnel
	Fire prevention and rescue technologies used in ultra-wide cross-sectionimmersed tunnel
	Quantitative detection method and practice of voids at the interface of steel-shell concrete with complex structure
	Research on settlement calculation method for DCM composite foundationof immersed tunnel in Shenzhen-Zhongshan Link

	Waterproofing and drainage
	Next generation tunnel waterproofing
	Mitigation of the sources of infiltration in the segment sealing gasket
	Analysis of cement grout hydraulic erosion in a homogeneous fracture
	Seepage and drainage study of underwater tunnel connecting section withcombined method
	Comparison of double shell and sprayed single shell waterproofing methods in tunneling
	Constitutive model of aged EPDM rubber in subsea shield tunnel
	Research and application of joint waterproofing technology forprefabricated metro station structures
	Innovative waterproofing system for shallow underground structures
	Tunnel drainage system and the possibility of non-destructive remediation
	Step effects of hydraulic pressure of tunnels in loess under high-pressureseepage
	ITAtech design guidance chapter for composite Sprayed Concrete Lined(SCL) tunnels waterproofed with sprayed membranes
	Self healing materials for preventing tunnel crystalline damage:Anti-calcium leaching, mechanical performance, self-healing mechanism
	Analysis of viscous fingering between water and cement-based grout intunnels
	Analysis of cement grout propagation with varying fracture apertures

	Instrumentation and monitoring/testing and inspection
	Design and development of tunnel liner void detection system
	Tunnel condition assessment: State-of-the-art
	Ground movement due to shaft construction and dewatering at Bengeworthroad for the London Power Tunnels 2 scheme
	Application of Acoustic signal to quantify the damage of the lesserHimalayan sandstone under unconfined compression loading and itsimplementation in the micromechanical damage-plasticity model
	Tunnel detection and monitoring technology based on terrestrial laserscanning
	Bored tunnels: Automated extraction of segment edge location from scandata
	Cavity detection model from GPR images considering reinforcing bars intunnel segment lining
	Combination of modelling and monitoring in assessing stability of a tunnelconstructed in highly deformable rock and fragilized by fire
	Field measurement of pile transient lateral response to advancing tunnel
	Model experiment on load-bearing performance and failure processof newly proposed invert to reduce volume of excavation
	A noncontact mobil system using camera module for tunnel inspection
	Tunnel indirect monitoring and damage identification method based onSET-Swin Transformer*
	Effectual approach to characterize rock fracture: Insight from calculatingmethod of fractal dimension
	Research on integrated monitoring platform of composite steel-concreteimmersed tunnel
	Study for health monitoring of mountain tunnels operation using distributedfiber optic sensing technology
	Development of wear detection device using dye
	Structure health sensing network layout and monitoring based on wirelesssensor network in undersea tunnel
	Innovative shaft inspection system for the Gotthard Base Tunnel
	Fault diagnosis system for tunnel boring machines based on electricalenergy monitoring
	Pivotal role of instrumentation & monitoring in construction of MumbaiMetro Line 3 in an urban setting
	Geotechnical instrumentation for road tunnels: Success cases in Colombia
	Analysis of laboratory tests for the determination of the clogging risk inmechanized tunnel excavation in fine-grained soils
	Information entropy based Robust Sensor Placement (RSP) method for wireless sensing of shield tunnel deformation
	Design and key features of shaft and tunnel excavation monitoring systemimplemented in Singapore’s Deep Tunnel Sewerage System Phase 2 Project
	Research on concrete strength detection method based on digital drillingand machine learning
	Development and application of similar materials to cobble stratum forsolid-fluid coupling model test
	Study on the deformation and stress law of single shell lining in subsea rocktunnels
	Using the acoustic emission and infrared thermal imager to identify theprecursor of rock violent failure

	Digital and information technology
	BIM Modelling & reality capture in underground drill and blast caverns
	The Sotra Link Project (Norway): An application of the BIM methodologyin tunneling design and construction
	INFRA-BIM interoperability for Tunnel Renewal
	Design and implementation of a mobile welding robot for TBM cutterhead:Enhancing efficiency, precision, and safety
	Enhancing management and construction quality for a 5km long sandwichimmersed tunnel through digital and intelligent methods
	Digital strategies-driven optimization of infrastructure maintenance: Thecase study of the rehabilitation of a disused tunnel in northern Italy
	Intelligent technologies and applications on TBM tunnel construction
	Research and application of the BIM-based fine management in shieldtunnelling construction of rail transit engineering*
	Innovative design and practice of full life cycle of complex undergroundengineering equipment based on digital twin
	Research on intelligent construction technology and grading methodof railway shield tunnel
	The interface between construction site and Tunnel Information Model: Thecase of the Brenner Base Tunnel
	Integrated design of precast concrete linings for mechanized tunnels
	Data-driven underground construction management: a case study of the BigCircle Metro Line in Moscow
	Research on construction collaborative control method based on drillingand blasting tunnel equipment
	Trusted elements in the digital model of the tunnel
	Why is it worth using BIM in tunnelling?
	Digital automation in the structural modelling process for tunnel linings –A digital tool-based case study
	Demonstration of parametric analyses in ground models by applyingprogramming logics using a digital tool named ParaRanger
	Streamline field management processes to improve labor productivity andreduce material loss
	Research on integrated management platform of shield construction basedon digital twin and application in subway engineering
	A study of digital quantitative evaluation system for the safety riskmanagement in the construction activities of transportation hubs
	Research on data management and analysis of BIM technology
	A study on 3D reconstruction of tunnel based on NeRf: A case studyof Shanghai Metro Line 18 Tunnel

	Machine learning
	Development of a hard rock TBM performance prediction model usingRMR input parameters
	Performance analysis of supervised algorithms on encoded data forpredicting tunnel strain classes
	Automatic classification and segmentation of tunnel cracks based on deeplearning and visual explanations
	TBM machine parameters estimation: From design approach to on-fieldresults. A concrete example based on Kalman Filter approach
	An intelligent decision support system for tunnel structural defectsmaintenance with combining knowledge graph and deep learning
	Prediction of disc cutter wear considering ground conditions and TBMoperating parameters
	Leakage prediction and post-grouting assessment in headrace tunnel ofa hydropower project
	A novel machine-learning model for estimating disc cutter life in TBMsconsidering individual cutter travel lengths
	Segment segmentation of tunnel ring point clouds using 3D deep learning
	Forecasting the driving speed of the TBM using machine learningalgorithms
	Intelligent tunnel asset management of CERN underground facilities
	Research and practice of digital lean construction mode of tunnelling basedon shield self-driving technology
	Study on machine learning method for supporting conventional tunnelengineering judgement
	Assessment of TBM performance in different types of rocks usingsupervised learning techniques
	Hyperspectral imaging features for concrete compressive strengthassessment: Experimental study
	An energy-efficient tunnel ventilation control algorithm combining dynamicneural network and fuzzy control
	Intelligent surrounding rock classification and mechanical parametersanalysis method based on drilling parameters of tunnels
	Investigation on surrounding rock quality prediction based on incompletemulti-source dataset and tree-augmented naive Bayesian network
	Machine learning-informed soil conditioning for mechanized shieldtunneling feature engineering, model selection, and uncertaintyquantification

	Underground caverns/underground space use
	Planning and support estimation of underground powerhouse in theHimalayas
	A conceptual framework for the creation of an integrated planning systemfor the strategy of implementing technologies for underground urbanconstruction
	Deep powerhouse caverns design development and challenges – Snowy 2.0experience
	Minimising impacts on the local habitat in relocation and constructionof a large cavern for track crossover at Acharya Atre Chowk Metro Stationof the Colaba-Bandra-Seepz (Line 3) in Mumbai, India
	Innovation practice of indoor space of rail transit hub
	Hexane section and its section combination honeycomb type undergroundstructure system. Design and implementation of the program study
	Harnessing the potential of underground space for climate-neutral cities:Energy geostructures in metro tunnels
	Research on complete technologies for the construction and utilization ofsuper large caverns in Hong Kong
	Challenges in planning, design, and construction of the underground powerplant station cavern Kühtai 2
	The use of underground space in greater Kuala Lumpur
	SMART tunnel revisited – after 15 years in operation
	Large diameter surge shaft in weak foliated rock mass; excavation andsupport with real-time investigation and pre-excavation support strategyin the lesser Himalayan Slate
	Gangxia North Hub innovation highlights
	Contract Korsvägen - part of the new Westlänken Commuter Rail Projectin Gothenburg, Sweden.Challenges of drill & blast Tunnelling and cut & cover constructionin heterogeneous ground conditions
	The cross river rail project as a PPP model in Brisbane, Australia.Experiences in cavern construction for 3 underground stations andtunnelling with double shield machines
	Mechanized shaft sinking with VSM: Developing underground space forU-Park® systems
	Snowy 2.0 – Implementation of a “twin numerical model” as computationaltool of the “observational method” during the excavation of a large cavernunder high in situ stress
	Rock engineering in Sweden - Mining, hydropower and railways
	Integration of stations and cities plan and research on technologicalinnovation of Shenzhen Dayun comprehensive transportation Hub
	Comprehensive development and utilization of underground space ofXiangya Road River-crossing Tunnel project in Changsha City
	A broad review of cavern engineering approach in meta-sedimentary rockin Northern Hong Kong
	Key technology for the construction of the Shen-Zhong Link tunnel underthe existing operating expressway

	Operational safety, maintenance and repair
	The 365 km tunnels assessment along ASPI Motorways Network – Keyfindings addressing risk analysis procedures and structural conditionsevaluation and strategy of interventions
	Conservative rehabilitation interventions of masonry highway tunnels alongthe historic Genoa-Po valley motorway in Genoa (Italy)
	Colle Marino left tunnel renewal project: The first case-history of full liningreconstruction - from invert to crown - under difficult geotechnicalconditions and future developments for working under traffic
	Lessons learned from longitudinal ventilation worldwide and CFD-basedsolutions
	Italian guidelines for the risk classification, safety evaluation andmonitoring of existing tunnels: An overview
	A computer-vision-based model updating strategy for shield tunnels withcracks
	Evolution of safety situation and repair scheme for punctured shield lining
	Smart tunnel in industry 5.0: Improving road tunnel resilience by dynamicrisk analysis
	Tunnel asset management: Risk analysis through the MIRET approach
	Tunnel renewal strategy – The evaluation of the advantages through LCA
	Development of cementitious repair material for tunnel concrete structuresof operating railroad in salt-affected environment
	Ventilation for a long underground road tunnel system from a modernperspective
	Study on fire smoke exhaust strategy in daliangshan no.1 super-longexpressway tunnel*
	Positioning and autonomous control of intelligent hydrodemolition robot
	Research on information perception mechanism and evaluation methodof tunnel lighting environment
	Research and realization of equivalent lighting environment for tunnels
	A numerical investigation on the long-term stability of tunnels excavatedin the upper stratum of expansive layer
	Subway ventilation system design and the importance of predicting thelong-term wall surface temperature
	Approach in structural fire resistance of the existing North-South RailwayTunnel in Brussels
	A seismic damage classification for post-damage assessment of rock tunnels
	The numerical-physical coupling method in investigation of the response ofthe tunnel structure under fire scenarios
	Research on fire compartmentation of hyperscale public area inunderground rail transit hub
	Experimental study on the applicability of the combined tunnel ventilationsystem of complementary ventilation and shaft
	Study on the influence of longitudinal slope on the temperature field insiderailway tunnels in cold regions and engineering counter measures
	The impact of landscape belt design inside extra-long highway tunnel ondriving comfort: A driving simulation study
	Full life cycle multi-hazard scenarios and structural response analysis ofmetro shield tunnels
	Research on China’s extra-long separate construction tunnel emergencyevacuation and rescue technology
	Concept of a thermoelectric power system in high geothermal tunnel:Preliminary design with numerical simulation
	Development and application of complete equipment for mechanizedconstruction of defect remediation in existing railway tunnels
	Research trend and prospect of reconstruction and expansion technology ofexisting highway tunnels
	Reliability study of full jet longitudinal smoke exhaust system for a roadtunnel over 5 km long
	Resilience assessment of shallow-buried subway stations underearthquake disasters

	Contractual practices and risk management
	Development of a tunnel asset management tool from a risk-based approach
	SMART-Systemic approach to risk management of tunnels
	Risk management of tunnel projects: From qualitative to quantitativeprobabilistic risk analysis
	Strong financial and improved procurement strategies for the success of theGrand Paris Express
	A methodology of risk management to urban tunnels and its application toBogota subway
	The use of a reference cost system for contracting underground publicworks
	Development of an early contractor involvement selection tool for publicowners
	Pawtucket CSO tunnel design build - From managing risk and quality todesign and construction innovations
	Comprehensive risk management for slurry shield TBM tunneling usingfuzzy set theory
	Geotechnical risks management associated with a tunnel launch in complexgeological conditions
	Comparing underground construction risk for urban transportationand hydropower projects – A lender’s technical advisor’s perspective
	Underground risk and ESG aspects in pumped hydro and hydropowerprojects – What worries the lenders?
	Research on risk management and control of undersea tunnel constructionbased on blockchain technology
	Study on the major risk control elements under EPC management mode ofrail transit
	Tunnel Euralpin Lyon Turin: The design and contract challenges fora modern Alpine base tunnel
	Risk limiting in urban tunnel contracts

	Author Index



