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Research on large deformation of surrounding rock and mechanical
characteristics of lining of carbonaceous slate tunnel based on
field measurement
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Abstract: Carbonaceous slate is a typical complex rock mass commonly found in the southwestern region.
Carbonaceous slate is prone to large deformation and partial collapse during tunnel excavation, and even causes
major economic losses and casualties. Taking the Haibaluo Tunnel of the Xiangli expressway as an example, the
mechanical characteristics of the large deformation section of the carbonaceous slate tunnel during different stages
of the whole construction were investigated based on field monitoring of the displacement of surrounding rock and
the internal force of the primary and secondary linings. The research results show that the excavation of the upper
step is the main deformation stage of the surrounding rock, and that the deformation of the surrounding rock
presents an asymmetrical deformation mode of “smaller at the left and larger at the right” with a maximum
settlement(208.9 mm) at the right shoulder. The stress distribution of steel supports along the circumference is

“larger at the upper and smaller at the lower”, and the maximum compressive stresses of the upper and lower
steps are respectively 550.4 MPa and 134.9 MPa. The safety factors of the vault, the left and right arch shoulders
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of the primary support and the left invert arch of the secondary lining concrete are less than the limit values. The
research results can provide an useful reference for the design, construction of similar projects in the future.
Key words: rock mechanics; carbonaceous slate; tunnel; in-situ testing; large deformation; lining force
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Fig.1 Carbonaceous slate of Haibaluo tunnel
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Fig.2 Haibaluo tunnel construction method
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Table 2 Statistics of large deformation and initial lining
cracking
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Table 3 Construction time at the section of YK67+168
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Fig.5 Layout of deformation monitoring points
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Fig.9 Asymmetric deformation of Haibaluo tunnel
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Fig.10 Stress-time curves of steel supports
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Table 4 Safety factor of steel supports
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Fig.12 Stress-time curves of the secondary lining
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Fig.14 Curves of surrounding rock deformation and steel
support stress with time
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(1) RHAEBWEIZ, REHBCE K ERRNH
B “Ie/NAR” AEXRR e, A KR
B 208.9 mm, AL FAHUBM S EEMIFZH
BR8240 5 B AR T &1 50%, & FA KA
FEPAEM B R, 7ETFA20 Tk F v 3 2 05
LGB B, HAR SRS S B A X

(2) VIHISCHIBEZE N A2 IR R 3, Bk R
PRy« BRBRS FH/NT BIRHE, HANHELZEN S
BBl AR TR AR FRE — 3. IS dm £, A3t
JEM BRI R T A HE R W SN, HAET, 2248
FHUE A2 BEIE R HE AL 58 S 5K T HAR R
SRFE, AL O N R IRIRS, SE ik
RRMFERBICFLLIE .

(3) —AVREE N AR E B IR ALK, MR 470
RRM BTN, AR HON ST 32 IR,
HI S I N TR LA PR BT 50 . AC Ak A
TRZPORZ, BN JIEA 4.61 MPa, —IRATHIFE 1%
AL E AT ZH IR, Bl 7 AMHL b H I ) R854
R, 5 20 0 B — 30 I e ML 2L R R A
Fto

S 3 S R B3 1 R, ELIS R AR
FRBIEREIE KA B At s S5 5 T L%, Y
WIS 5 IR AT B R . etk e L, R
FHCEME, ST RCRIEAEE., B, &
AERTHIRIRNTR T, 2B VR AR A B IE 42 )5
U] A 285 MR TS BB I 7 2 A A ) e o B 25 g 3
KBRS NIk, J58R M%7 TH I R 32
JF AR 5 P T K AR T (IR
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