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Abstract

When a weak zone exists ahead of tunnel face, the stress in the adjacent area would
increase due to the longitudinal arching effect and the stability of the tunnel is affected.
Therefore, it is critical to prepare a countermeasure through the investigation of the
frontal weakness zone of the excavated face. Although there are several researches
to predict the existence of weak zone ahead of tunnel face, such as geophysical
exploration, numerical analysis and tunnel support, lack of studies on the relaxation
zone depending on the width or distance from the vulnerable area. In this study, the
impact of the weak zone on the formation of the relaxation zone was investigated. For
this purpose, a series of laboratory test were carried out varying the width of the weak
zone and the separation distance between tunnel face and weak zone. In the model test,
sand with a water content of 3.8% was used to form a model ground. The model weak
zone was constructed with dry sand curtains. The tunnel face was adjusted to allow a
sequential excavation of upper and lower half part. load cells were installed on the
bottom of the foundation and the tunnel face and measuring instruments for
displacement were installed on the surface of the model ground to measure the vertical
stress and surface displacements due to tunnel excavation respectively. The test results
show that the width of weak zone did not affect the ground settlement while the ground
subsidence drastically increased within 0.25D. The vertical stress and horizontal stress
increased from 0.5D or less. In addition, the longitudinal arching effect is likely within
the 1.0D zone ahead of the tunnel face, which may reduce the vertical stress in the
ground following tunneling direction.
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(a) Formal ground
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(c) Close to weak zone

Fig. 1. Changes in vertical, longitudinal, and horizontal displacement depending on the arching effect at the
approach of weak zone
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LA, ot B Qs 5t el AFgSlol 2ok, BURFASPR FR I Lee, 2017). 8
FAAFAKS)] I3t 712 BAATES FA5 00, BEAN] 7| EEALS Table 17} 2
Table. 1. Results of laboratory tests of the soil
Max.lmur.n dry Mln.lmun} dry Unit weight Relat.lve Moisture In.ter.nal Cohesion
Category unit weight unit weight (7o) density content friction (kPa)
(7 dmaxs KN/M®) | (7 dmax, KN/m’) v (D, %) (%) angle (9, °)
Ground SP, 16.76 14.21 16.43 87 3.8 30 12.8
Weak zone SP, 16.76 14.21 16.28 82 - 27 -
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Fig. 3. Model tunnel
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Table 2. Cases of model tests

Width of weak zone Distance of weak zone Cases
0.00D (0 mm) FO5L000
05D 0.25D (60 mm) F05L025
0.50D (120 mm) FO5L050
1.00D (240 mm) FOSL100
0.00D (0 mm) F10L000
10D 0.25D (60 mm) F10L025
0.50D (120 mm) F10L050
1.00D (240 mm) F10L200
0.00D (0 mm) F15L000
LD 0.25D (60 mm) F15L025
0.50D (120 mm) F15L050
1.00D (240 mm) F15L100
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Fig. 4. Settlement of surface depending on the weak zone width and distance between tunnel face and weak zone
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Surface settlement (mm)
Surface settlement {(mm)

Upper Lower

-4

(b) Weak zone 1.0D

Surface settlement (mm}

Upper Lower

() Weak zone 1.5D

Fig. 5. Maximum settlement of Surface depending on the weak zone width and distance between tunnel face
and weak zone
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Fig. 6. Comparison of maximum surface settlements
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