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Step effects of hydraulic pressure of metro tunnels in loess under
sudden high-pressure seepage

QIU Junling, QIN Yiwen, LAI Jinxing, WANG Qiang, TANG Kunjie
(School of Highway, Chang'an University, Xi'an 710064, China)
Abstract: The leakage of a high-pressure water source has sudden, rapid and energy-release effects. Its destructive behavior of
surrounding rock of loess and deterioration of tunnel structures is more severe than static infiltration. To reveal the transmission
characteristics and inducement of the step effects of surrounding rock of loess under high-pressure seepage as well as the
influences on the tunnel structures, the temporal and spatial evolution of seepage behavior of surrounding rock of loess and the
mechanical response of tunnels are studied through the similar model tests. The research shows that the seepage process has
successively experienced local collapsible erosion of loess — generation of the hidden cavity — formation of the preferential
channels — step fluctuation of water pressure of surrounding rock, and structural internal force—seepage stability. The release
of the local collapsible potential and the development of the preferential seepage channels are the main reasons for the step
fluctuation of the water pressure of surrounding rock and structural stress. Under different water source locations, the changes
of internal force of linings below the arch springing line are significantly greater than those of the upper structures, and the arch
bottom location is most affected by the force. The maximum step increase of its axial force is 324 kN under the upper water
source, and that of its bending moment is 84 kN-m under the lower water source. The surrounding rock area at the lower side of
the dominant preferential channel is most affected. The influence degree of the internal force of linings under different water

source positions is shown as upper water source > lower water source > side water source.

Key words: metro tunnel; loess stratum; high-pressure seepage; step effect; mechanical response
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Table 1 Similarity ratios of physical parameters
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Fig. 1 Preparation of similar materials for collapsible loess
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Table 2 Design of proportioning scheme for collapsible loess tests
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Fig. 2 Preparation of tunnel model
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Fig. 3 Schematic diagram of model test system
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Table 3 Parameters of tunnel model
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Fig. 4 Test scheme of pore water pressure in surrounding rock
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Fig. 8 Displacement distribution of surrounding rock after seepage

under different water sources
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different water sources
(3) FEE T EHRASIENE
HE 9 (e) Bl ki 2T &1, 0~8hJy
SURIBEIBT B, 8~14 h ONEEARTSEMT B, L 14 h
Ja B3 DN R HE NGARIGARE B M sk S22 AL IR 5

JEFRN: 1-2—3—>6—4—5, UWAEITH, WL 1
A2 7K A7 28 A R R AR AR AR, YU T A B R B
HNFEEREE, SR, WA 1R 2 PKE&
FETE 128, 122 kPa. WA 4 /KK HZEIB G K 5%
LZIRFIFEEMT B, R /KK JIM 77 kPa. M AT 3 /K&
77 H SR S GNP S BB B, B KK R 82
kPa. 12 F% 1818 1) 5 i 5 LA K R 21 As e, BRROK
JE FI BRI 5, 3 BH 18 A 8T 1) KR BT 1 TE R
HRMW A (5, 60 FIKESIBAAIEARFERL, KK
NI R ERE, BEDHRET 48, 21 kPa.

3 KRESESARTREENFMMNIE
3.1 MELEBRASENE

AUEAL T REiE B (B 10 (a)), B&iE biss
¥ G ¢, D, E, F, G) HiJidEARRN KA,
w G B, HD BI2eRUN, Ja R A M ERIEE,
BRI IR 29+324 kN, B 5 B5 MR I RS, A2 7E+100
KN; AMHLEE G 4) Sk, B3RP
KA BRI IEZE+580 kN, J5 B RZ W N, B2
FIHAE A E AE+247.05 kKN AT 25574840 (B 11 (a)),
BRIE G €, G) HEMEEK, AR KZ1+105
KN-m, J5 B T F8 58 29+50 KN -m; BEIE T5 50 AR &6 Cll
MA, E) SRS, BTRKZ-55 kKN'm, FHAEE
Wi TR E2-30 kKN-m.
3.2 MFEMIIRASENE

AUEAL T REIE MR (B 10 (b)), #T0. #t8
KM GU&S E, F, D, B, C) HiJidEAARES,
s KA MR G G, BY Hl &g i,
MR R G A D Bl 1 e 21838 K, J5 IR P 42-89 kN,
B 5 SCZ T R S AT KT, R BB RS
Fo PUR G A A B ot KZ4+187 kN, FaE—B
I 8] Ji5 S PR SR IR T K, B e X BB 5 2 (R B K
Wesh. MR B NS, S KIRM Il & 4 A
H AR, 20 M) 2055 b 9 38 A A b oA ) %
TEREASL AR 2L (B 11 (b)), WA 4 A1 H 35h
W e R, BRI K A AR 429 KN-m, 72 HE
B KB N-13 KN'm.

600 [
550F LA
500- 1 1 1
450 \
400 [ — el
» 350+ 'k
T S
R250 =G =8 L
200 ——E——F
1506 ——4H
woF | -5

50 ......

0 -
sob | 7 CGEDF
_1()0 IIIII J

0 2 4 6 8 10121416 18 20 2224 26 28 3

I A)/h
(a) E¥#AK¥E



764

2023 4F

I [)/h
(b) P AP
200 —A—B8
IGOM ——C —D
—E —F
120 —G —H H
40 p : =y
g s — ==
§—40— E
-80| | o A
~120F H - e L
-160 .
_200_
-240 ¥
_280 1 1 ‘VI ]
0 4 8 12 16 20 24 28 32 36 40 44
B[] /h
(c) THKE

I

—A —8B
——C«——D
——E —F
——G ——H

p L i i L L J
0 2 4 6 810121416 18 20 2224 26 28 30

10 NEIKIETREF 4N
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water sources
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kN, 38— BN [a) JF 28 3G 0, S 25l 7 9+80 kN.
SEFBAEAL (B 11 (0)), SR L,
PR AL B AR AR S B B R T e KA +104 kN-m,
MRS, FREZE+19 kKN-m, ARG E S H A LIE
FEAFOTEN, HET, #U8 QAL F, E, D) BHEDN,
B BEE QUGS H, C, G, B) BHZEHIK,

4 BEEIKEM RS
4.1 BIAEKEM RSN ARISEFFIE
KRBT A K IEL P T 2 KW ks,
SOFSSI WK TS iw) &Y VAR R PV E WAL oV o9 /i
Zfy, B JE o FEIL RETE SR r B AR A A I A A
3, wimETRE. RIERESR, KigLEAEER
EALIRGN A 3 BB QR EEBN B BHITS,
[EE ST R= -3 (B E i oo i o s i e = et £ 3 i
A, HANBRITKIEEAR, Bla REERa SR,
FCAK A R B AR A, ) A8 22 70 R /K
SPERGER ) T BRI AR . BTG AKIERIE R s AR
e KRR R B ET i, IFRE KIS RS R 2 B A
JrErb, e R R AN R BE R, BB
ARG . QIsFEEIE K RPN B BiE S TR UKE
W2, WRYIZRHPCERE, SWBREEIER. Kk
FREEAERIR, AR (ARG N, JFHZ R T ,
W R T P RS Ia M iiiE . EIE I K
NIFBERRBTREL T “FER” , ERKIEIEE NI
Mo TE /KR ZE B AW, LRI ISR 818 K it is
TR RE KR IS Bl B T B U B AL WS AR B R 3L
2, R R K s ABEIE S50 52 7 BT 2 1zl @
FEBIEN B BKREN AR, 18 ImiEA R
BT L, KR A R A R AR AE A R
PHAFIEERE PR, Ba, KR BREIX
WEVEETT R Dy 3 AN DK R X L ARSI
XAEEEABRX (B 12). fER#HEmE Ly,
MR aE 2T B VBT, R E LA amIE A 4
TAXCPATHE R AN HEREE T, BHERER



5 4 4

ERZEA, A, SR B AR B Bk B TE A s B BR BN 73 #r 765

eI e o LFHIBIE T T7, AR KX AR AX 7y
AT ERX TR REL QR JERE N .

12 RESESREBTEEERELTE
Fig. 12 Schematic diagram of seepage evolution of surrounding
rock under sudden high-pressure seepage
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