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Main achievement

Fallure modes of high-speed
rallway and metro. Engineering

construction design.




Main achievement

The intersections of Xi‘an Metro and ground fissures up to

hundreds, which makes a serious threat on Xi‘an metro
construction.

1. fortified length?
2. Failure modes?

3. Countermeasures?




Main achievement

The calculation formula and design values of parameters for tunnel
' throuh the ground fissure active zones were put forward
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Main achievement

Large-scale model test of ground fissures was developed, and the
mechanism as well as failure process on metro tunnel was simulated.




Main achievement
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Annular cracks occurred on the footwall.




Main achievement

Large-scale model test of horseshoe tunnel
passing through the active ground fissure (1:5)
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Annular and longitudinal cracks occurred on
the hanging wall and footwall




Main achievement

Large-scale model test of shield tunnel passing through ground fissure (1:5)
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Deformatlon and failure

Annular and Iongltudmal cracks occurred on the hanging wall and footwall




Main achievement

Metero tunnel passing through the ground fissure with a small angle.
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Location diagram of metro line 3 and ground fissures.



Main achievement

Large-scale model test of horseshoe tunnel passing through
the active ground fissure with a small angle
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The process of deformation and failure of tunnel

Annular, longitudinal, and torsional cracks




Main achievement

The tunnel tensed near the footwall of the ground

fissure, and deformed asymmetrically with the
characteristic of torsion.
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Axial strain curve of the concrete (No.2) Axial strain curve of the concrete (No.10)



Main achievement
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Main achievement

4 metro tunnel deformation failure modes caused by earth fissure.
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Shear failure of tunnel Torsional-shear failure of tunnel



Main achievement

Structural measures for the metro tunnel to adapt to the
ground fissure deformation

Verification model test of Segmented box tunnel (1:5
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Main achievement

Large-scale model test of Segmented horseshoe tunnel (1:5)
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Main achievement

How to segment: segmented tunnel was used to adapt to the
deformation of ground fissure.

when 0<45°, the length of segmented tunnel (crossing the ground fissure) was 15m;
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when 0 > 45° the length of segmented tunnel (crossing the ground fissure)
was 20m.
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Main achievement

4 Kinds of structural countermeasures
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Setting up deformation joints in segmentation on the tunnel
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Enlarged Cross-section  Track adjustment Waterproof structure




Main achievement
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Structural measures of metro tunnel against ground fissure in Xi’an

The above results have been applied to the design and construction of
Xi'an metro and will support the construction of other metro lines in
Xi'an.




Main achievement

Disaster preventation and treatment issue was solve in
underground pipeline, and became a demostration
project of underground space development in Xi'an.
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Distribution of earth fissure and underground pipeline Physical simulation
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Main achievement

Datong-Yuncheng high-speed railway has 36 intersections with

the ground fissures.
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Main achievement

The maximum vertical displacement=4cm/a, the designed differential
settlement of high-speed railway basement<5mm, and the differential
settlement of bridges<om.
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Subsidence funnels along high-speed railway Activity rate 4 cm/a



Main achievement

Large scale model test of high speed railway subgrade affected by the
activity of ground fissure (1:5, for the first time)




Main achievement

The formation and evolution process was reappeared

via large-scale physical model tests.
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Numerical simulation confirmed the deformation and failure mechanism
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Simulation of geotechnical grille

Main achievement

17:3112 Tue Jan 0B 2012

e P B S o b

0.1+

00— 1 .

Stress of CFG-pile
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Deformation of concrete floor



Main achievement

Cracks appeared | ﬁ&ﬁﬁﬁﬁ%ﬁﬁlﬁ ﬁﬂlﬂﬂ’]& ﬁ%ﬁfﬁ The maximum cavity
on the slab when | & displacement = 20%o,

and the maximum
| | opening width = 5%.

the settlement
=3cm
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Main achievement

Deformation and failure process of the bridge was simulated
by numerical simulation.
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