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Stability Analysis of Rock Pillar in Small Spacing Tunnel Based on Strength Reduction
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Abstract: Using a small - clearance highway tunnel as the analysis background, the finite difference software FLAC3D was
employed to construct a tunnel construction simulation model. The strength reduction method was introduced into the field of
tunnel research. By reducing the parameters of the rock and soil, the surrounding rock fracturing was achieved. The study
analyzed the variation laws of the surrounding rock plastic zone, displacement, and stress of the rock pillar in small-clearance
tunnels under different strength reduction coefficient conditions. The tunnel surrounding rock safety factor was defined as the
critical value of the strength reduction coefficient. Combined with the corresponding evaluation criteria, the safety and stability of
the rock pillar in the tunnel were evaluated. The research results indicate that in the reduction coefficient range of 1. 0~1. 4, the
construction stability characteristics of the rock pillar are as follows: no abrupt changes in the development of the plastic zone, a
small rate of displacement change, and no significant stress changes. When the reduction coefficient reaches 1.6, local plastic
zones connect, and there is a sudden change in displacement and stress characteristics. Analyzing the plastic zone,
displacement, and stress of the rock pillar, it is concluded that a reduction coefficient of 1.4 should be taken as the tunnel
surrounding rock safety factor.
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Fig.1 Grid size, measuring point layout and excavation process
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Table 1 Related mechanical parameters of small
spacing highway tunnel

o W N BMERLE OB VB
R / (kg/m*®) AL /GPa /kPa 7/ (°)
PERRN 1 960 0.38 1.89 135 23

W 2250 0.20 23.20
TIRATR 2780 0.20 27.30

(a) w=1.0

(d) w=1.6

(b) w=1.2

(e) w=1.8
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Fig. 2 Distribution law of plastic zone of surrounding rock in different reduced factor small spacing highway tunnels

B T

MR AN ek, R LA L

AR, ST UIIRPE X R BT
PERAL B v XA TR AL, 1 W] /i
I T A A e IR TR 00, G B A A A A B ) AR
%,%IﬁﬁfﬂmﬁWﬁﬂﬁﬁE@Eﬁrﬁﬁ,
Z LA

485 it T BN E AL SR 25 T T Ak

BTN R FOR I K, AR U HE R 4b
SYYTIAPEDC R S, S ERH A S X TE W AR Ak
TE1.0~1. 4, ZEIRZAHEA ST O IPE X B & e, TG
RAFKA L6, A ThG, Al X



136 MBI 25 A FIH

40 %

KAETE, ULHICETREE A R R T RER; B w R
2.0, MIAEM (ARAGHY . HIRAH) fy5y
VI DX RIOKE % A= 5138, 16 B ORI it T8 1 1) AH B
SO, O™ R B /)N e PR R T TR RS E M
Kol B T AR [ 2 5 v e e A R DX A RR AR AT 4
Br, 190 BRI Rl Ae e M 25 HE R 22 A2 gt il < rh
Je R <ATRATHED, R R R T TR E M, P
R w NR 1.4, KRR IE S22 25U 1.4,
3.2 NEFENFEIEIE Pk B AR AT

VANE Bl ST R R K VA A (=X N VA A TR

(e¢) w=1.6

B3 AEw LA TH/NSEARBERSNERE

fIE SR S R B A B R 2 R, AR R 5K
T R REE A A RN E 3 iR (w=1.0/
1.4/1.6/2.0 T.50) , MERIE F 2 2 4 AR 5 B A7 F8 43
ATFEAE AT 0, HETGTRE 5 AR R oy 2 1, HBE
Yo 8 w G KT K5 TR AR K57 78 BUE
BN, HNBREERET w=1.6, (i#i5 1 mm L
SRS e N X v 2 N S v S D =g )
O REAIE A 2 B RS B HEA T R A AT, AN TR T e R
BOTOL N e At A AR A an &l 4 iR .

(b) w=1.4

(d) w=2.0

$1ﬁ m

Fig. 3 Displacement nephogram of tunnel surrounding rock with different reduction coefficients
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Fig. 4 Variation law of vertical displacement of rock pillar in
tunnel with different reduction coefficients
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Fig. 5 Stress nephogram of surrounding rock of small spacing highway tunnel with different reduction coefficients
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Fig. 6 The stress variation law of rock pillar in tunnel with different reduction coefficients
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