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Research on the Tunnel Face Stability Influenced by Forward

Concealed Cave with Internal Water Pressure
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Abstract: Based on the project of Shuangbei highway tunnel, the finite element analysis software was
wsed to simulate the situation that there was the small-scale salt cavern during the construction period,
and according to the critical distance calculated, a self-created device for simulating the salt cavern was
taken, and then a model test with a geometric similarity ratio of 1 ¢ 25 was carried out to research the
transformation law about the rock pressure, displacement of tunnel face, inner force of primary support
when the tunnel was excavated to the position of critical distance and the inner pressure of the salt cavern

increased until the tunnel face was broken. The results showed that,with the increases of inner pressure of
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the salt cavern, the tunnel face increased as almost direct proportion firstly, and then the ratio of increase
became higher and higher and finally the tunnel face was broken; when the inner pressure of the salt cav-
ern increased until the tunnel face was broken, the rock pressure showed a trend of increase in which the
rock pressure of vault was the most effected location, followed by the spandrel and inflected arch, while
the impact of other places was small. The bending moment distribution of steel arch is almost the same as
the inner force of salt cavern increased. And as the inner force of salt cavern increased, the bending moment
of vault and inverted arch showed a trend of increase in which the most effected location was focused on the
vault and inverted arch while other location was less effected; what’s more, with the increases of the inner
force of salt cavern, the axial force of steel arch all showed a trend of increase, and the most effected loca-
tion was the vault, followed by the right and left haunch while the impact of inverted arch and spandrel
were little; effected by the inner force of salt cavern change, the rock pressure, displacement of tunnel
face,inner force of primary support all showed the ratio of change became faster and faster.

Key words: small-scale salt cavern; model scale experiments; finite element analysis; excavation sta-
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Fig.1 Profile of Shuangbei highway tunnel
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Fig.2 Three-dimensional model figure

of finite element
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Fig.3 Sketch map of the monitoring section
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Tab.1 Mechanical parameters of surrounding rocks
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Tab.2 Material proportions of the testing ground
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Tab.4 Layout and parameter of the bolt
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Tab.5 Layout and parameter of the steel arch
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Fig.7 Stimulated device of the salt cavern
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Fig.8 Load test platform of tunnel
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Fig.12 Sketch map of the model test excavation
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Fig.13 Displacement changing curve of tunnel face
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IR I el by A RS AT (R N S R ]
Bl REAS 19 At R T R 30 R G AR A1 (2 8% A2 1 5
W5 s s 3 1 DR 300 L o ) R T e R B
{3 A% AL TR AT I O 5 S VA s ) i e )
HREERE ) o T TR AR R R T A IR
42 X EREEEEND

R FIDTAZ A7 939 52308 a5 i o 8 B+
JIEON BElE T y EAT W DU 0 S R A TR
WE 15 FiR.

B 15 xR e s & B L kP
Fig.15 Earth pressure behind the primary

support(unit: kPa)

Hy PR AT AN TR JE R IR & 1B T g 2 A B
FEIEACH[R]. BRI T2 2 51 As e Ja CR s A s
oy 20 kPa), [l i Ay fe/ME L T A7 HEIAL 2 9.5
kPa, e RAEA: T4 LAy 33.8 kPa. 4 Ji N Ik
SN RFEIT | B T Ty e/ MEATI A T A7 BRI AL Sy
11.1 kPa, e KA F A HEEAL A 36.9 kPa.

T3 s B T T B A 3 R S B 3 K
e, Bl e g e A R 73 A 7 8 2 A LT A 4t
PARAATHE R Ab. S35 11 s J1 i 20 kPa 3§12 40

KPa . B0 20 55 0 615 T A5 R K (R
A2 2.01 KPa) LT BESE T T GBS 5 M F
RN 1 0 A0 P 5 P9 .
S F1ih 40 kPa B 60 kPa 2 i 9 3 45 i
PP AR A B ST [ I
IR CHIRZ) 8.6 KPa) L A7HER A0 6134 1 )
SR CHRZY 4.55 KPa) 1364 PR AT /R FE 88
(LY 3.2 KPa)  HOAR LT B L.

13 WPERS

WIS 36 1 55 I 16,17 .

B 16 MR TLHEE(ESL N mm)

Fig.16 Bending moment of steel arch(unit:N * mm)

B 17 ARBIR A B RN
Fig.17 Axial force of steel arch(unit:N)

Hi[E 16 RT AT AN R e A T SR
A FLHE L AR A (] 2 B A A48 5 446 T4k 45 R A I
(A2 00 » 245 SR 5 HEIE A 2540 O 1 O 2
P BEIE THZ 2 % 7 W AR E Jo CHNE N o 20
kPa) NP R (AL T A BEIIAL 5 — 72.3 N
« mmAMUSZRL) T 70 A7 Bt R AL A0 75 FE AR 450N
T 24 78 A A 8 T 22 G A P 43 0 4 e (LA
THEBCA 75.98 N« mm (A2 D).

I TN LA HE AR A ML R A B 1 TR
J7 RGN RS0 A BE A S i A Ao
A AR BETHUR] ] i 2e A 6 DL I AR R AR
TR EER/ DN SR T 20 kPa #0240 kPa i,
LIRS B A A B R AN R (e R A (L i B A HE
TAb 2y 5 N« mm)  HETHLL S AR5 40 S B



144 R 72 4R CA SRR RO

2017 4

A5 42.89 N o mm Fil 52.58 N » mm, 3 K Ry
Bk 12.31 %1 8.63% i 22 A7 HEJH LA S HE R Ak 25
2 IR N B 4 I R ) 40 kPa BN &
60 kPa B, 2540 A5 £k, i B B 14 K Gl KAB fb A
PRAEHETR AL 24 33.09 N« mm) , HET LA 2 A4t 25 45
B 3%, 4018 75.98 N« mm 1 70.53 N » mm
(RISZRL) , B A5k 77.15% F1 43.76 % . %
T A A0 R 2 N R /N e A (O i e R s B
FEZEMHENE ALy 8.76 N« mm) , BE K HH 18.2 .

A 17l A TR s R B HE 2R 5l g 4y
A FRAFE S A ] s ASCHE T4k g 1 B4 KA Ak g
THZ E % FHfE G (VSIS N E R 20 kPa) , A #t
N ) 3 AR I 5] B KA ) T A B S HE
Z I Ak 60.03 N, Bl g fe /NME H BL7E BETAL
36. 25 N. 2P P FR 38 00 &8 2 ARt . $16 oAbl g o
PRAL KA B T e K AB S BRAE A BEIE S5 HE S 22 1)
ik 70.21 N,

Sy HT A BEE A A8 A R AT N Bl B T T
T3V T PR P 1 AR S Al T ) S I R
AR KA B A e G TAL , e A P AL
RZ AL BB Ak A8 AR BE /N MV s i T eh
20 kPa 32 40 kPa B, BHEER5H S A8 b A KL )
HETAL B B KA AL LI WRAE g 7.6 N3 4 s e
JIH 40 kPa HHNZE 60 kPa I}, 4448 4l g [ 4t 150
b R A AN s Hoa & A AR B AT AN R, $HE T
ZEBEE AT HEE A il T 530 E S I e D02 40 kPa
HFi 43.91 N, 38.65 N Hl 45.68 N B T 59.12
N.,48.32 N Ml 56.13 N, 3 K 2= 43 51y 34. 63%,
25. 02001 22.87 Y% , i He B A7 B Ak 19 %l 7 BB 1 Y
FE3GRARE .

R o B P TR /N 2 55 W e ) 7 26K ) e M 1
BEBH XA IS A 19 2 T S L A AR A K
e AN [ I VR s S K CoBE 45 21 DL 3% 6.

6 BENXRAROELTS
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