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Simulation tests on structural deformation and seepage field of high-speed
railway tunnels under drainage clogging
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(School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract: Based on 3D printing technology, a fine model for high-speed railway tunnel structure and drainage facilities is
constructed, and a feasible simulation method for drainage clogging is put forward. Based on a typical disease case, a
simulation test on drainage clogging is carried out, and under different conditions of drainage clogging and groundwater level,
the seepage field (including drainage volume and external water pressure) and structural deformation are discussed. The results
show that with the deepening of blockage, the drainage volume shows a slow downward trend and then a fast downward trend,
and specifically, when the drainage pipe blockage is less than 50%, the tunnel drainage decreases slightly, and when the
blockage is more than 50%, the tunnel drainage decreases sharply until no drainage occurs. The displacement of bottom
structure uplift has the quantitative relation of "tunnel bottom > inner rail > outer rail", and with the increase of blockage degree,
the uplift displacement slowly grows first and then fast grows. Affected by the reduction of drainage, the external water
pressure of the structure gradually changes from "the maximum at the bottom, next at the crown and waist of the arch, and
minimum at the foot of the wall" to the "hydrostatic pressure" distribution. The test results of displacement coincide well with
the characteristics of field defects when the water head is 40 m and the drainage pipe is fully blocked, which verifies the
feasibility and validity of the proposed simulation method. The research results may provide reference and guidance for
prevention of pipe plugging and evaluation of similar defects of water-rich tunnels.

Key words: drainage clogging; high-speed railway tunnel; invert heave; seepage field; simulation test; 3D printing technology

0 g] %_ BEEWA: mHKEEETH (U1934210); EXR AR EEETH
N NN NI LT 32 1 (51878669); #im4tE /KR G IX H KEHE LI (2018A03003); Hi
bEE EREG CERRE, A e ATH mE KR
FREAFNL S 9 LB H (201922ts291)
AT TR, DUERES R% 1 AR B R Al 1 it I H s 3 WRSEHEA: 2020 - 03 - 27

@ E/EHE (E-mail: jsyang@csu.edu.cn)



716 H O+ T OB % M

2021 4E

. BERIEZEFRRYN, f£EKMED RS
VLD PR 7K Bk RD B R K i S A B T K
G RN IR, BUEHEK RGUR HBUEEILR . Bk
P R AR R B HE S 45 S B HE K BB
—HHAPKR G BB, FEISRE RO, 5
FEFEE S K S RGO, eI 51 R S5 B TRK S A
SRR AR B SR U0, BT RIR
JEENME, AT, Wik, FEiia. 3
VR AR AT 58 22 3 TG S A 19 R 0095 5 R - AN R i
1T TWETE, R S5 i e TARE S T, A
WEERIER . TRER RS 13555 10 AL Bl ] S L2
Chen ZFUIZETE T LAVE FE Dy 3 i+ AR AR 45 i 0 5 Bk
BEIE S, ERT T MG A TR 45 T R B
YRR, & T REEPLRE L FE SR b X3 UK IE
HH B R, JFRE T HEK R GE AR PRI 2E I 1
RIC T SRIERA R GER SRS T I RE R = F A
SECHER “ DIARACSL” 034 1R AT TR, IR
T T AR 2 BOKAL AT N AT /A (A Xl
W SEE PR IEHEK RS AR ARIE ZE 0, B R
AR AR NTT IR, BRAT T AR
AT AL IRV TRRS G . LR TORR
2 TRESEERIGIE, RN HR A ESR T .
ST, AEAFE R A TRE S A it 7,
Bl OB —, MELLRAG R H I AEL
B NTF-HIBEE, BT R KSR TCiE3R S, HELL
IR S BRI SIS SC &, HAEETRRE . Ak
JE 19340 GERRIRE I ARRAIRYS ;. WBEDT HA T
MIEIT, s fR T SRR SH0UE 5B L
(MIVCRCHE Y T Rt — D R A MBS AT
FIBETE, AT R BN L HLAFAE 2 AR, MERLE
BN T b L. AN, EFREERE, AR
REQSIHEE LM T a5 2T UEE, a7
IS oK. JUHXT TR BkBEIE, PsA T iR,
P bR e, BB A R Rl C R TR
DUHE TSR A i R, PR A B i) RBURE M 7 W
I B BB AR T AR 0 5 18 . T, AL
L5V B BRBLEREIE SRS, FT 3D FTHIEORK
S R R BE TE RS A AL S M BT % B Je i, MR AR AR
WIT AR RS UG, FROTEAREE %M. A
[l /22 /K Sk T BRI 1B 3 S A R A% O RS AL
WA LR R 3R IR RIS o BF T RRR DA N K
BEIE SR E BT iR S Fm P SR A S 1R .

1 BRIERRERR
1.1 TRERRIGHEER

UL R R R ZEREE LR RS, T BN A R
TE, 2K 2640 m, HKHEZ) 200 m. FEhE X BN
F5, EYERET 1400 mm, HE R G B
It 40%, HhFRZ Ab AT T L S KR, H TR KRR
A RIT. BB S Rt E R AR E, RiT
R4 KW R, MBHESEUKE. AnERNE, A
BT, HIERHIERE .

BREHIEEE G, T 201546 H 17 H, REhEX
SRR, 10 h [#FH Bk 164.7 mml'S), /N R
SR JE R I g SRR, 5 B0 A X BOR Ak R AR
BESNEHIUCEREINS . PR, KIIE
B HE K E . WmEECK HEE (B 1 @); M
T8 5 BIEHEKE N, HENHOK Rauk %, 2520
JE JE MR FLIRK IR, H KM (B 1 (b)), 5
RAJG, MIEBIISCRIRWAT 4, BERD T PE AR
RO o RTINS BRI, BB AL R BIE EER AR
F K1695+250—+350, s m e 22 5 /K P 22
BRAE A58 28.0 mm (FERE). 14.3 mm Iz 85 70
71D, ERBAESA T K1695+310 Wii. T8
Wi I LR, BB K E MR . R PR IR
HoK R G2 RS R H R AN EERE, ik
DR 25 5 20011 B 3 A0 /K ek v e o 3 R AR I LR TR
Al

. §

Bk Tk L

(b) FEBMIER
1 RERREEHKIER

Fig. 1 Drainage conditions during defects occurrence
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Table 1 Similar relationships in model tests
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Table 2 Test results of permeability coefficient
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Fig. 4 3D printing process for high-speed railway tunnel
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Fig. 5 3D printing process for drainage system
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Table 3 Size parameters of drainage pipe model

By WN#/mm  4ME/mm #E
WK E 2.5 45 —
W HEKE 3.0 5.0 —
P T T 450
=] =g —_
BE T HEK S 25 K. T
2.3 WEIEN A

(1) SRRV 5 E AL



a4l

EMBL S HOKE T IE SR m ERBEE S A5 BT R IR T 7E 719

A RE LATFURRI> & L], T ER A
MIAAAE, HEKE =8 (AN 36, BEmE &AL,
Wl 6 (a)) Gy RAEVRRVEWEBYIR TR 1Ak,
R HKE S DA R R A A 21 UK
Ca*, Mg 45 BT R AL N, I TRPERTT 57
A2l iR EEY) (6 (b)) [RIL, 7ESERR TAE A )
HOKE GERINAE 500D A EROH ZEW e .
gR L, A R 2 i E R A HEKE B DR s g
g

Bt

(a) ZBEMERE (b) Hk A4 RiEE

6 HKEHEENL B REE

Fig. 6 Frequent location of drainage pipe blockage
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Fig. 8 Seepage test system and its composition
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Fig. 13 Test results of external water pressure
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