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Research of Indoor Simulation Test on Crystallization Law of
Drainage System in Emeishan-Hanyuan High-Speed Tunnel
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(1. Sichuan Lehan Expressway Co.,Ltd., Leshan 614000, China;
2. College of Civil Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: [ Objective] In order to explore the distribution law of crystallization blockage in tunnel drainage sys-
tem under the action of groundwater seepage, a laboratory simulation test of crystallization law of Emeishan-
Hanyuan high-speed tunnel drainage system was put forward. [ Methods] Based on the Liaoshan tunnel project
of Emeishan-Hanyuan High-speed, a 1:5 indoor simulation test of tunnel drainage system was established, and a
test solution with the same ionic composition was configured according to the analysis results of in-situ ground-
water sampling. [Result] The crystal stacking mode is mainly a large amount of stacking, which belongs to the
isomeric crystal type, and the main component is calcite type calcium carbonate; With the increase of water flow,
the crystallization amount increases, and the crystallization rate is faster, among which, the cumulative total crys-
tallization under the condition of 266.8 mL/s water flow at the lateral drainage outlet is the highest; The moderate
slope of the drainage pipe is conducive to the formation of crystals in the tunnel drainage pipe; The total amount

of crystallization at the drainage pipe joint (30%) > horizontal drainage outlet (27%) > horizontal drainage pipe

75 HEA:2023-03-08
EETB  UIEIE = F R LA w10 H (SRIG2019GG0004 ) ; 1 K11 #0823 bl 2 A8 i i A8 5 RS I @ e T
A 1ET H (HZ2021009)



513 Ve UL AR MRDURTE R IE HEK R G U A LA 47

(19%) > vertical drainage pipe (15.2%) > circumdirectional drainage pipe (8.3%). The key positions of crystalli-

zation blockage in the tunnel drainage system are the drainage system interface and horizontal drainage pipe out-

let. [Conclusion] The distribution law of crystal blockage in drainage pipe is effectively analyzed, which is of

great significance for ensuring smooth and effective operation of tunnel drainage system.
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Tab.1 Material specifications

Serial number Material name

Specification and model Parameter or indicator

1 Aluminium alloy

2 Anhydrous calcium chloride ( CaCl, )
3 Sodium bicarbonate ( NaHCO; )

4 Magnesium sulfate anhydrous ( MgSO. )

2 cmx2 cm -
Analytically pure 500 g/bottle
Analytically pure 500 g/bottle
Analytically pure 500 g/bottle

x2 UEABSH

Tab.2 Instrument specification parameters

Serial number Material name

Specification and model

Parameter or indicator

1 Plastic water tank 140 L 740 mmx*535 mmx415 mm
2 Variable frequency water pump HG-4501 Lift3.0 m
3 PVC tube D20 External diameter 50 mm
4 PVC transformer joint @20x50 Internal diameter 20 mmx50 mm
5 DC power supply JC POWER S5V, 9V, 12V, 24V
6 Electronic balance RZ-2000 500 g, accuracy 0.01 g
7 HDPE corrugated pipe D50 External diameter 50 mm
8 Variable frequency pump CR15-4 12V
Inspection well Inspection well
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7 cmx8 cm open side drainage shallow trough
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Fig. 1 Drainage system
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Tab.3 Test conditions

Working Transverse Longitudinal Discharge/
condition  drain slope/%  drain slope/% (mL/s)

1 0 3 266.8

2 3 3 266.8

3 0 3 200.1

4 3 3 200.1

5 0 3 1334

6 3 3 133.4

7 0 3 66.7

8 3 3 66.7
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Tab.4 Water sample composition analysis mg/L

Sampl Total
d:ﬁlvi:y pH Ca* Mg SO OH CO HCO, . &

K29+400 7.5 97.1 74 60 0 0 240 272
K29+900 9 12 <03 16 0 792 285 32
K30+400 8.8 452223 52 0 0 208 204
K30+900 11 39 <03 19 29 25 0 97.6

hardness

20kV %200 100 pm PC-SEM

(c) 1 000 times
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Fig. 2 Experimental apparatus

(d) 2 000 times
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Fig. 3 Data graph of crystallization accumulation per linear meter in each part of the tunnel drainage system
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(a) Data on crystallization accumulation
per linear meter of the annular drainage
pipe when the water flow rate is 266.8 mL/s
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(b) Data on crystallization accumulation
per linear meter of longitudinal drainage
pipe when the water flow rate is 266.8 mL/s
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(c) Data on crystallization accumulation
per linear meter of the transverse drain pipe
when the water flow rate is 266.8 mL/s
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Fig. 4 Data graph of crystal accumulation per linear meter in each part of the tunnel drainage system
when the flow rate is 266.8 mL/s
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Fig. 5 Data plot of crystallization per linear meter for each part of the tunnel drainage system
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