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Mechanism of progressive collapse induced by partial failure of
shield tunnels in sandy soil
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Tianjin 300072, China)

Abstract: The shield tunnel is generally composed of concrete segments, and there are many risks during both construction and
operation because of weak joint parts. Both in China and other countries, the disasters that partial failure of tunnel linings
causes a successive failure and even large ground surface subsidence happens in tunneling engineering are not very rare.
According to the analysis of joint stresses, an ultimate bearing capacity envelope is established to address the failure criteria for
the joints under different internal force conditions, and the failure criteria for both concrete segments and joints are
implemented in the discrete element software PFC by using the FISH language. The progressive failure mechanism of the
tunnel linings induced by partial failure is discussed. The results show that the partial failure at the springline reduces the
resistance of the soil, and the soil arch formed above loose soil area falls on the top of the tunnel, both resulting in a sharp
increase in the internal forces of the tunnel, which exceed the ultimate bearing capacity envelope and then induce an extension
of partial failure. The failure rings with large transverse deformation cause the adjacent rings to be damaged because of the
bolts between the rings. Finally, preliminary prevention measures are proposed and analyzed.

Key words: segment joint; ultimate bearing capacity; partial failure; progressive collapse; failure mechanism

51

jillf3

111 5 A TRURIAG P A 2 8 1) 2 K P 3, i 1

TRREG R IE th T TR R R sk g il P AMZG, LEBE5HESEEIEE R 85 R T

R e KT HIiann. 1968 425 H 16 H, #HE  ——
25 5\ 64 m = [¥] Ronan Point 24 8t T B4 EEWMB: WK EAEMIAREI Y (9737 i 4

KA, B TRER AR 18 R0, (2010CB732106)

Yrks BER: 2015 -01 - 04

BT, 2B SR B e T AR G a4
Sk SCEN s R TR R R (3 A AR 1)

1 H



Fom AN, A b S E R R R AR 5 | R SR (LB 1557
A, EWSMEAA AT, SR, fedbnt. R, b Ty o LR e

Mg GAby By, GEERHE . 5 E R E A A )

R TREE R, RAE T ARG, H R R IE Ak : ‘

PEPHR > KATEMSEGRBLN R CRl nm@%Eiﬁifggim@

BEFE . CHESE) BERSIREC10 m 2T 100 m 3t s S S A R W s

GUrsss, KBTI R A AT S8 S S PR
FUR KV SRR M0 5 | A ST 13

" rd
BEREE BHEREEEREER

(a) Ronan PointA B ESBIESH (b) GitES BT

1 Ronan Point A EHESIRIEE

Fig. 1 Gas explosion accident in Ronan Point apartment
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Fig. 2 Progressive collapse in Shanghai line No. 4
2007 4 B IR 5 L bl TN, JERIBLI A
IR AR £ R R K. B EAERR
IR, DXTRIBETE BAR K EIE 150 m, [l I 7 M
TERHAKZ) 100 my 58 30 ma ¥RFE 3~5 m FRTE T
BB, 3 pis.
IR AL B

M‘*‘*‘“ E&%ﬁﬁéﬁeﬁﬁi j “
B A

BECCTE ;;
H.--..--l‘ g ]

» . £
%ﬁ}%iﬁﬁéﬂ TR BEIEL 150 m

(b) Y. FFR

3 MRS SHELHIEY

Fig. 3 Progressive collapse in Nanjing line No. 2
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Table 1 Experimental and theoretical values of joints

TN IE S AR TN A7 R
il BH A B -
/(kN'm) /KN /(kN-m) /kN
. AR 180 1200 195 1300
HE Hief o 208 1200 188 1300
% wE 15.6% — -3.6% —
o I 460 2000 432 2400
%517&] MM 507 2000 471 2400
% PRI 10.2% — 9.0% —

A SCHCAE AR TR LR e T kB 15 5, R
BN 1.2 m, BFHIEEHR 035 m, JEEELIRESG N
C50, 4K A HRB335 2, ML 2 R M30
IRRRIC LY, WERRAELh 8.8 Zh. FIFIHES B IE A
AT LA 25 Bk R R AR O s I ] 5 o,
AL IR AR SCEEAR AL T4 Sk 2 R AR T
FURAEN] . IS ATLUR Y, FeSkRkSZ 3 ) kT
6000 kN Hf, 32 BH K, Retg i s
WK, E TRNER P, BB A4 A
F 6000 kN, JITLAEZ k2 2% ok, Bt 4.

700
600 -
5001
E 400
]
& 3001
R —o— IR B IRAE R B (E R 4E)
200 —o— RS RERERESE)
4 —a— BRI T HO(E R )
100 —a— RRERER TR EE)
( —a— BRI T R0(B )

1 Il Il Il J
0 1500 3000 4500 6000 7500 9000 10500120001350015000
B F1/KN

5 BEKMRAH N M - N BLEE

Fig. 5 Envelope curves of ultimate bearing capacity of joints
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Fig. 6 PFC model for shield tunnel
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Table 3 Micro-parameters of PFC*” model
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Table 4 Numerical and analytical solutions of tunnel deformation
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