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Study on a new type of support structure of segment lining combined with
compressible crushed stone and anchor bolt

LIU Fang', HU Xiongyu®, GAO Feng'

(1. School of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074 China; 2. Key Laboratory of Transportation Tunnel
Engineering, Ministry of Education, Southwest Jiaotong University , Chengdu,610031 , China)

Abstract; A new type support structure combined with compressible crushed stone and high-strength pre-stressed
anchor cable is proposed which is suitable for deep inclined shaft construction using shield method with great depth.
Different conditions in terms of liner combined with crushed stone and high-strength pre-stressed anchor were
simulated. The effect of the combined support was studied by analyzing the plastic zone development of surrounding
rock, convergence of surrounding rock and internal force of segmontal lining. Moreover, the support mechanism of
combined support was revealed from movement characteristics of the crushed stone and displacement vector of the
anchored surrounding rock. The results show that only the yielding effect of crushed stone cannot promise the safety
of the liner, especially when the creep effect of surrounding rock was considered. The combined support can not
only improve the bearing capacity of the surrounding rock, but also effectively absorb the creep deformation of the
surrounding rock. The support mechanism of combined support consists of two parts; the yielding effect of crushed
stone and surrounding rock reinforcement of anchor cable. The yielding effect of crushed stone was attributed to the
mutual squeezing effect and movement effect, while the support mechanism of anchor cable was attributed to
reinforcement effect of anchor cable on the surrounding rock. The results have a certain reference value for the
design of support structure of shield constructing deep tunnel in the future.
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Fig.1 Creep curves of mudstone under different stress levels
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Tab.1 Physical and mechanical parameters of the surrounding

rock and liner
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Fig.2 Design drawings of support structure
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Fig.3  Numerical models
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Tab.3 Creep parameters of the surrounding rock in simulation

model
R E\/GPa E,/GPa nyw/GPa - h n/GPa - h
b= 1.50 0.86 1.45 2.05

x4 PFC TRt S5
Tab.4 Parameters of crushed stone in PFC*"
W 1 WY Yimml EEE RifRE L
/(kg'm™3) Ji£/Pa BE/Pa %L /R Rinin
2120.0 5.0x10° 5.0x10° 0.45 0.50

SR THBII] 2. 1 ARIANTR] SCAP 00 1 J] L
IIVEDX oA WL 7. sl WL, AR SCap s i R
) JA FRLe SE A DR BL, Y IX = A v A i T
PURE. X EERT UL, AR SZAP 2 R B 2T R A R e SRR X
T AL b A8 P BE J5 13 R (L C)
i) Je 6] e 14 284 DX Y 1] i /0, 4 R e ) B s 5T
80 cm A1 (T-00 A4) Il Jal [l B P IX i il ok

HARTTE < WA ST 2 B BEBOR 1) Jo] e 28 1
DX A 0 L R K 5 6 T 5 SR EE R A ST )=, AT
SCP AR RIS S X B AF AR R 22 57, AR
JE 70 em WEAIFEIR G S T A3 TR JE Bl
SR DX FBLEE I A R 529 00 B3 1 iR Jo] i 2
PEX L.

®7T BERARAGHEEXERE

Tab.7 Plastic damage zone of surrounding rock around tunnel
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Fig.5 Change of surrounding rock settlement with time
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Tab.8 Internal force values of segment lining
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Fig.8 The movement characteristic and contact force adjustment of the crushed stone
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Fig. 10 Shear strain increment of the surrounding rock
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