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Field test on the construction deformation characteristics for
a loess highway tunnel at the shallow portal section

QIU Mingming1 , YANG Guolin®, ZHANG Peiran’, DUAN Junyi2
(1. School of Architectural Engineering, Yan an University, Yan’an, Shaanxi 716000, China; 2. School of
Civil Engineering, Central South University, Changsha, Hunan 410075, China)

Abstract: Based on a loess highway tunnel project, the temporal distribution rules of ground settlement, vault
settlement and peripheral convergence for the loess highway tunnel at shallow portal section are studied with the
field test method, and the statistical analysis predictive model for the loess tunnel construction deformation is
established combining with the actual measurement data. The results show that (1) the construction deformation of
the loess tunnel presents significant time and spatial effects, and the temporal distribution curve can be expressed
by an exponential function. (2) The ground settlement shows the growth movement with time, approaching
stability after about 60 days, and the maximum ground settlement, w,,,,, ranges from —30.78 to —105.20 mm.
(3) The transverse ground settlement curve is of the trough shape, the width of trough is around 3—5 times that of
B, and the ground loss rate caused by tunnel excavation ranges from 0.74% to 3.08%. (4) The vault settlement and
peripheral convergence experiences successively three stages: linear growth stage, continuous deformation stage
and steady development stage, and the deformation of linear growth stage accounts for more than 60% of total
deformation. (5) The maximum vault settlement, v,,,, ranges from —17.1 to —201.1 mm, and its variance

estimation for sampling is [-51.53, —65.11] based on the 95% confidence interval. The maximum peripheral
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convergence, Uy, ranges from —12.1 to —122.0 mm, and its variance estimation for sampling is [-35.08, —43.39]

based on the 95% confidence interval. It is suggested that the reasonable reserved deformation values of grade V

surrounding rock loess tunnel range from —100 to —150 mm. (6) The rate curves of vault settlement and peripheral

convergence increase first, and then decreases sharply with time. The steady displacement rate of vault settlement

(4v) and peripheral convergence (4u) ranges from 0.05 to 0.80 mm/d and from 0.02 to 0.60 mm/d, respectively.

Keywords: tunnel engineering; loess tunnel; shallow portal section; field test; deformation characteristic
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Fig.1 Longitudinal geological section of the entrance and exit zone of the loess tunnel
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Fig. 6 Distribution curves of vault settlement with time of different monitoring sections
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Table 3 Fitting equations between vault settlement caused by
tunnel excavation and time
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W FUA BREL v(6)=a*exp(—t/b)+v, R

ZK86+610 V=50.49%exp(—1/6.75)—49.57 0.998
ZK86+715 Vv=47.73*exp(~1/8.00)-46.96 0.998
YK86+630 v=37.95*exp(~1/7.94)-40.80 0.962
YK86+670 v=51.17*exp(~#/7.06)-50.56 0.998
ZK87+485 v=64.22*exp(~#/8.36)—59.82 0.984
ZK87+625 v=29.21*exp(—1/26.39)-32.09 0.979
YK87+385 V=76.46*exp(—1/13.79)-81.24 0.979
YK87+610 v=22.07*exp(~1/15.27)-24.33 0.979
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Fig. 7 Distribution curves of vault settlement rate with time of different monitoring sections
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Fig. 8 Distribution curves of peripheral convergence with time of different monitoring sections
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Fig. 9 Distribution curves of peripheral convergence rate with time of different monitoring sections
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