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Rock/Soil conditioning Summary

Fine particles Recent technological advances have enabled earth pressure
Clogging balance (EPB) tunnel boring machines to excavate coarse-
Permeability

grained soils and rock formations successfully. However, their
performance strongly depends on effective material
conditioning. This study investigates the main ground-related hazards encountered during excavation of
the southern extension of Tehran Metro Line 6, and evaluates a conditioning strategy to mitigate these
challenges. Geological observations, laboratory testing, and field investigations were conducted to
characterize ground conditions. The results show that conditioning with high-density lime slurry, fillers,
and polymers improves material consistency, reduces permeability and abrasive effects, and enhances
EPB tunnelling performance.

Abrasion

Introduction

EPB tunnelling in heterogeneous grounds is frequently affected by insufficient fines, clogging, excessive
permeability, and high abrasivity, all of which reduce excavation efficiency and operational stability.
Proper conditioning of excavated materials is therefore essential to maintain face support, chamber
pressure, and spoil transportation. This study evaluates conditioning as a practical approach for improving
EPB performance under the complex geological conditions of the southern extension of Tehran Metro
Line 6.

Methodology and Approaches

Geological, geotechnical, and geomechanical investigations were carried out to characterize lithological
units and evaluate grain-size distribution, clogging potential, permeability, and abrasivity. Based on these
results, excavated materials inside the EPB pressure chamber were conditioned using high-density lime
slurry, fillers, and polymers. Lime slurry containing 50—70 weight percent limestone powder was injected
at ratios of 10-40%, depending on material characteristics. Conditioning performance was assessed
through changes in consistency, workability, permeability, and abrasivity.

Results and Conclusions
Approximately 5% of the tunnel alignment exhibited low clogging potential, 50% moderate clogging
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potential, 35% high clogging potential, and nearly 10% showed a tendency toward clumping behavior.
Tunnel sections between chainages 500-650 m and 1850-2100 m contained the lowest percentage of
particles passing the 0.075 mm sieve. About 68% of the investigated ground units had permeability values
below 1 x 1077 m/s, indicating favorable conditions for EPB excavation. The Cerchar abrasivity index,
ranging from 1.96 to 3.98, implied nearly highly abrasive to highly abrasive ground. Conditioning
increased the fine-particle content, improved material consistency, and reduced permeability and abrasive
effects within the screw conveyor. Optimal performance was achieved using lime slurry containing 50—
70 weight percent limestone powder with injection ratios of 10-40%, producing a target slump of 15-22
cm for efficient EPB tunnelling.




