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Experimental study on the longitudinal load transfer of a shallow tunnel

depending on the deformation tunnel face (I)

Yang Woon Kim', Sang Duk Lee™*

'Ajou University, Dept. of Civil and Transportation Eng, Ph. D Student
2Ajou University, Dept. of Civil and Transportation Eng, Professor

ABSTRACT: If a tunnel is excavated, the released stress is redistributed in the ground around the tunnel face, which lead the
stress state of the surrounding ground of the tunnel and the load acting on the tunnel support to change. If the tunnel face deforms,
the ground ahead of it is relaxed, and the earth pressure acting on it decreases. And if the displacement increases so much that, the
ground ahead of the tunnel face reaches in failure state. At this time, load would be transferred longitudinally in the tunnel,
depending on the cover and the face deformations. The longitudinal load transfers in the tunnels induced by the tunnelling has
been often studied; however, the relation between the deformation of the tunnel face and the longitudinal load transfer was rarely
studied. Therefore in this study assesses the characteristics of the longitudinal load transfer as the face was failed by displacement
by conducting a model test in a shallow tunnel. In other words, the longitudinal load transfer of the tunnel with the progress of the
face deform was measured by conducting a model test, beginning at the state of earth pressure at rest. As results of this study, most
of the longitudinal load transfers occurred drastically at the beginning of the displacement of the tunnel face, and as the
displacement of the face approached the ultimate displacement, it converged to the ultimate displacement at a gentler slope. In
other words, when the ground ahead of the tunnel face was still in an elastic state, the longitudinally transferred load increased
sharply at the beginning stage but it tended to increase gradually if it approached to the ultimate limit. Thus, it was noted that the
earth pressure in the face and the longitudinal load transfer of the tunnel had the same decreasing tendency.

Keywords: Tunnel face, Ultimate displacement, Shallow tunnel, Model test, Longitudinal load transfer
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Table 2. Instrument type and capacity

Category Load Cell LVDT Data Logger
Instruments
Location Model tunnel Model tunnel Surface -
Object Earth Pressure Measurement |Front wall displacement & Surface settlement measurement Data collection
Capaci 0.5 kN 50 mm Measurable
apacity (Precision < 0.03%) (Sensitivity 200 x 10° mm) data 36
Quantity 25 11 1

Table 3. Variables of tunnel model experiment

Variables Outline

Category

Measurmg Point

—LVDT

Tunnel face deformation Overburden b ﬁ i ! ‘ i * ‘—
_casel | Sl

H(0.5D~2.0D)

CASE 2 10D giLLELY) I

Maximum displacement on the top k

CASE 3
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Fig. 4. Load variation of tunnel face
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Table 4. Load variation and displacement at failure

Category Ea/Ey (%) A4s/D (&,, %)
CASE 1 56.6
CASE 2 455

=0.1 %
CASE 3 38.5
CASE 4 36.4
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Table 5. Relation of load variation and displacement at the tunnel face

Sy CASE 1 CASE 2 CASE 3 CASE 4
E E/E, e, E/E, &, E/Ey e, E/E, &,
Ev; 100.0% 0.0% 100.0% 0.0% 100.0% 0.0% 100.0% 0.0%
E>sy 89.2% 10.7% 86.4% 10.7% 84.6% 12.5% 84.1% 12.5%
Esp 78.3% 17.9% 72.7% 21.4% 69.3% 25.0% 68.2% 25.0%
Esso, 67.5% 46.4% 59.1% 50.0% 53.9% 50.0% 52.3% 50.0%
Eo0 56.6% 100% 45.5% 100% 38.5% 100% 36.4% 100.0%

(a) CASE 1

(0.5D) (b) CASE 2 (1.0D)

(c) CASE 3 (1.5D)

(d) CASE 4 (2.0D)

Fig. 5. Ground deformation shape
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