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Abstract; In order to study the influence of a rectangular tunnel undercrossing construction on the de-
formation of the existing tunnel, a semi-analytical solution for the rectangular tunnel undercrossing the
existing tunnel is proposed. Firstly, based on the characteristics of the convergence deformation of the
section after the excavation of the rectangular tunnel, the law of the ground deformation induced is de-
rived by using the random medium theory. The existing tunnel is regarded as an Euler-Bernoulli beam
on the Kerr foundation model. Consequently, the differential equation of longitudinal force equilibrium
of the existing tunnel is obtained, and the finite difference method is used to obtain the calculation
method of the stress and deformation of the existing tunnel caused by the undercrossing rectangular tun-
nel excavation. By comparing with the experimental values of the indoor model, the accuracy of the cal-
culation results in this paper is verified. Finally, the influence of key parameters such as rectangular
tunnel width, tunnel depth, internal friction angle of soil, bending stiffness of the existing tunnel and
ground loss rate is analyzed. The results show that the increase of half-width and ground loss rate of the
rectangular tunnel leads to the linear increase of vertical deformation of the existing tunnel. The de-

crease of the tunnel depth leads to a significant increase in the vertical peak deformation of the existing
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tunnel, but narrows the influence range on the tunnel settlement. The increase of the internal friction

angle of soil leads to a significant increase in the vertical deformation of the existing tunnel and a slight

decrease in the tunnel deformation trough. With the increase of the bending stiffness of the existing tun-

nel, the vertical deformation of tunnel is significantly reduced.

Key words: rectangular tunnel; convergence deformation; random medium; foundation model; tunnel

deformation ; parameter analysis
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Fig. 1 Schematic diagram of the element deformation model



56 wodb TR K

Fol (A R RE D

2026 4%

FETE M2 — 8 TR B AL FH 28 W AR W 1 19 %
TH BRI v BE M R TR BE S H, IR 2 s,
e B8 T2 5 2B IHs, vl g o KR 2
NI . FERITR AT dedny B2,
AT R AT R4S R B Hon bl X R
TUREAE W, (X) N

w0 = [ e -

0

Trtan ﬁ

(X -¢&) }dadn

(2)

Jiti T 58 e B W I S0k AR BNV IE o A

51 2 fii7  BEIE JTAZ 8 Ry 2, BE 8 £ 1 IT 42 18

TSR N o MR8 B TR T A 3R A8 T8 S W 2 2
22,00

wx) = [

tang [
exp
N-0 n
(3)

8 R A T i I Wk G DB T %) AR 43 S PR 38 2
H(3) AR N

WX _”tanﬁexp{ Ttan ’B(X _e) }dsd’r) _

”'tan,BeXp{ rtan 'B(X _ ) }ded’r] (4)

Kfia b d ﬁ&_L%T’ZHuﬂéﬁﬁﬁfﬂ U IR,
e f g Jh A7 i I T W i T AR AR SRR

Ttan B

(X -¢&) }dfdn

de

Zyq

K2 BRIz e e

Fig. 2 Shrinkage deformation of tunnel excavation
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Fig. 3 Convergence deformation modes of the rectangular tunnel
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Fig. 5 Tunnel-soil interaction model
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Tab. 1 Theoretical integral boundaries for random medium theory under four different convergence modes
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Fig. 6 Force analysis diagram of the element
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Fig. 7 Discrete diagram of the existing tunnel
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Fig. 9 Geological map of rectangular tunnel cross section
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Fig. 12 Settlement diagram of the existing tunnel under

different half-widths of the rectangular tunnel
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Fig. 13 Settlement diagram of the existing tunnel at

different tunnel depths
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Fig. 16 Deformation of the existing tunnel under

different ground loss rates
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