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Plastic Zone and Mitigation of Close Tunnel under

Near-fault Pulse-like Ground Motions

ZUO Zhi-ling' , HE Kun', LIU Guo-guo’*, GUO Xiang-yu’
(1. Chongging Design Group Co. , Lid. , Chongqing 400020, China;
2. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China;
3. School of Civil Engineering, Huagiao University, Xiamen 361021, China)

[ Abstract] Restricted by topographic conditions and surrounding environment, the design spacing of double-hole tunnels in western
China is often close. Therefore, the special structural form of multi-arch or small close tunnels is often used in the tunnel design. How-
ever, in the western region of China, high-intensity seismic zones are widely distributed, and the middle rock wall between the close
tunnels is more susceptible under the strong earthquakes, especially the near-field ground motions, which results in large plastic de-
formation of local surrounding rock, and the safety operation of the tunnel was affected. Therefore, in order to study the distribution of
plastic zone of surrounding rock of small close-distance tunnel under near-fault ground motion, reasonable near-fault ground motions
were selected, and 3D finite element numerical models considering different tunnel close-distance and surrounding rock conditions were
established. The dynamic response characteristics of small close-distance tunnel and the distribution law of plastic zone of surrounding
rock were revealed. Thus, through the grouting reinforcement of the middle rock wall, the seismic effectiveness of the reinforcement
measures on the plastic zone was verified. The results show that the acceleration response of the arch foot near the middle rock wall tun-
nel is more significant under the influence of near-field ground motion. Under transverse seismic excitation, the maximum principal
stress value of the left spandrel and the right arch foot of the right line tunnel are more significant, while the minimum principal stress
of the side walls and the inverted arch of the tunnel is larger. The plastic zone of surrounding rock of small-close-distance tunnel under

strong earthquake is greatly affected by rock mass grade. When the tunnel spacing is 0. 50 times of the tunnel span, the development of
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plastic zone in grade IV and grade V surrounding rock is the most serious, and the phenomenon of plastic zone penetration of surround-

ing rock at the haunch of tunnel near the middle rock wall appears. Taking the plastic zone of surrounding rock as the discriminant in-

dex, the grouting reinforcement of middle rock wall is beneficial to the seismic performance of small close distance tunnel. The research

results can provide a reference for the seismic safety of small close-distance tunnels in high-intensity earthquake areas.
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Fig. 2 The time-histories of input seismic pulse waves
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Fig. 3 Numerical calculation model
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Table 2 The mechanical index of calculation parameters

SRR B/ MM RHE vy AR o NEEM

e

10* MPa pn (kKN'm™3) MPa o/ (°)
m 0.70 0.25 25 1.30 38
V& 0.20 0.34 23 0.20 30
V4 0.06 0.38 19 0.08 27
o 1) 3.00 0.20 24 — —
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Table 1 5 records of the near-fault pulse-like ground motions

5 HE S ERLYEHES R M, W2/ km Fkol I T /s Fiti /s
1 Coyote Lake Gilroy Array #2 5.74 9.02 1.463 26.865
2 Coyote Lake Gilroy Array #3 5.74 7.42 1.155 26.805
3 Westmorland Parachute Test Site 5.90 16. 66 4.389 41.695
4 Superstition Hills-02 Kornbloom Road ( temp) 6.54 18.48 2.128 22.050
5 Loma Prieta Gilroy-Historic Bldg 6.93 10.97 1.638 39.995
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Fig. 4 The acceleration response contours of tunnel
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Fig. 5 The acceleration time-histories of the close tunnel
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Fig. 6 The stress response contours of tunnel (¢ =3. 08 s)
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Fig. 8 The relative deformation curve of tunnel
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Fig. 9 Concrete damaged plasticity constitutive model
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