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Indoor simulation test on crystallization law of drainage system in Ehan
high-speed tunnel
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Abstract: In order to explore the distribution law of crystal blockage in the drainage pipeline of the tunnel
drainage system under the effect of groundwater seepage, the 1:5 tunnel drainage system indoor simulation
test was established based on the Liaoshan Tunnel Project of the Ehan Expressway, and the same ionic
composition test solution was prepared based on the analysis results of the on-site sampling groundwater
to carry out the indoor test. The results show that: (1) The crystal stacking mode is mainly mass stacking,
and the crystal structure type is irregular and square, belonging to isomerism crystal type, and the main
component is calcite calcium carbonate; (2) With the increase of water flow, the crystallization amount
increases and the crystallization rate becomes faster. The cumulative total crystallization reaches 106.4g
under the condition of 266.8mL/s water flow at the lateral drainage outlet; (3) the gentle slope of the
drainage pipe is conducive to the formation of crystals in the drainage pipe of the tunnel; (4) The total
amount of crystallization at the joint of the drainage pipe (30%)>the total amount of crystallization at the
horizontal drainage outlet (27%)>the total amount of crystallization at the horizontal drainage pipe
(19%)>the total amount of crystallization at the longitudinal drainage pipe (15.2%)>the total amount of
crystallization at the circumferential drainage pipe (8.3%). The key positions of crystal blockage in the
tunnel drainage system are the interface of the drainage system and the outlet of the horizontal drainage
pipe. The research results are helpful to the optimal design and construction quality control of the tunnel
drainage system, and are of great significance to ensure the smooth and effective operation of the tunnel
drainage system.
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Tab.1 Material specifications

Serial Material Specification Parameter or
number name and model indicator
1 aluminium 2 cmx2cm /
alloy
2 Anhydrous Analytically 500g/bottle
calcium pure
chloride
(CaCl)
3 sodium Analytically 500g/bottle
bicarbonate pure
(NaHCO3)
4 Magnesium Analytically 500g/bottle
sulfate pure
anhydrous
(MgS04)
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Table 2 Instrument specification parameters

Serial Material Specificatio Parameter or
numbe name n and model indicator
r
1 Plastic 140L 740x535x415mm
water tank
2 Variable HG-4501 1ift3.0m

frequency
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water balance accuracy0.01g
pump 7 HDPE 50 external
3 PVC tube 20 external corrugated diameter50mm
diameter50mm pipe
4 pPVC ®20x50 internal 8 variable CR15-4 12v
transforme diameter20x50m frequency
r joint m pump
5 DC power JCPOWER 5V, 9V, 12V, 24V 1.1.2 RipREE
supply UL A BRI 4K 122, 882km, K
6 Electronic  RZ-2000 500¢, HOKRSOITT IO S, IO S BT
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Fig.1 Drainage system

ZHEK R GRS I8 AR 52 K RS T 5 1B R )
HoKE, BRI HEE DR HKE N, 3T
[ HE K K FHFHS 0 &K, Al alFE10m,
A A K AR AR B K B KN R K B
ol HE R P R HEAKE N, B K 5] HE R
100m¥F A FHS0AIFH1 005k 2B /K & - 1iE &
PR30 45 Y T 4% T L B HEK A, KRR
HeKE H o R KL, 512 R s )
HEZK 4, KFIHDPE DN/ID100F7 FLXUEE i 8058,
SNETCYiA, PSRRI — 5, RS
T2 T E R A HEKE, Bl mHE K E A
(o 7K 51 HE 2 BEE P e K, 8 R HEK
& X FHHDPE DN/ID1004T fLXUEES S, HhETE
YA, EEEE10m, FHHREE L F60cm ik
BN IEHKE (Bi*mE=50%60) , HILER
R KRS HER AL, ARR300m s B —Ma g,
HEZK T e P EE IR 1 10mAR AT HEZK E 3R P9 2R
C50mAb B EAGE S, Hha. B, PR HKE
2 1) 415K FH = 3 i Y 3

AR ENIRL L EBRHEK RGN RS R,

1. SHPIEFITER RS, FEHWE. 3
RIKFE AKIGABEE A . HAKEAREE B
H/KZE . HDPEWRSUE . PVC/KE . PVCHEE LA
i 121-221, 3R 56 R F R IR AN 42, 8K 2m, $E1.5m,
F2me. AN B R BB RIS R LR, AR
NImEREANEE, o vDU%, [AIB%0.5mik & —
%, KT B RHDKE . SRR E R
IHEKE . FRAHEKE . HHEKE S
K AP B B2 Sk AE RS . ANZE 3N 1m )
JE, BRI M AR E . 0 E
El2F 7R .



FExxH BHxM
202x F x A

ERTBREZR
Journal of East China Jiaotong University

Volume xx No. x
Feb. 202x

B2 ke

Fig.2 Experimental apparatus
1.1.3 AR E

R K EEAAAE R P B 1 & Cazry Mg2t, E
BB £S04z, OH-\ COs2. HCO3. {HZANA
BB IR FE o R AN AR E], 7R S PR s
R % FEETCR M BN, Ut ki
FAW R FH A BN oK EAES . IRIR SN
Sriral. JoKIREREE o M 4lifz4l,

% 8 BIAC BRI I FK B BOR, g R
AR AL % BT RS BRI RN, SR FH 2R KA v 7RI
WA FE ST BB VS A MK FE &V
40L7K, [FI i i ok B AR, 4%
CaClz. NaHCO3. MgSO04y1:1:1 1) LU e B i il
R, e H O o BV R U AR IR 9. CaClz s
MgS0O4. NaHCOs,

IRV B B R W T

(1) BEERKFTE YT, b 5 At % 5 Xk
56 FH VR AR 5 5

(2) hnyEgtigK;

(3) ML L1/ LUK R A - T T, e
SRR W A, PRIES A FER 5.

1.2 REFR

MILIZAS [F bR BEIAHS KA AN GG G FE A, Xt
WIS RAKFEAT K G 404, AR 28 1 1y
e B = RIS K, 045 SRR A AT SEM O HLBE
4, b SRR BRI HERE T 2231, T E 4 i A i

() BAR LS 57 o W AR DA 58 1) 428 i) A2 B DR 7K
T KBS, BERIXMA R R BEEHK RS
S IR SRS HEZK R Gk S8 it TR 1:5 e 451
&L 4 /N, KR B R E N 266.8mL/s Ui &
200.1mL/s¥i & 133.4mL/sif & A166.7mL/sii &
Db, i ) 7K 3 FEEAB B 0% A1 3% P AR % 400
BEIE A A HE KB RSB A I3 % 1058 Tt W3R 3.
#3 HBIR

Tab.3 Test conditions

working  Transverse Longitudinal discharge
condition drain drain slope
slope
I 0% 3% 266.8mL/s
II 3% 3% 266.8mL/s
I 0% 3% 200.1mL/s
v 3% 3% 200.1mL/s
A 0% 3% 133.4mL/s
VI 3% 3% 133.4mL/s
VI 0% 3% 66.7mL/s
Vil 3% 3% 66.7mL/s
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Tab.4 Water sample composition analysis

Test items and test results (Companymg/L)

Sample delivery PH Caz+ Mg2+ S04

OH- CO32- HCO3- Total hardness

K29+400 7.5 97.1 7.4 60

0 0 240 272
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K29+900 9 12 <0.3 16 0 7.92 28.5 32
K30+400 8.8 45.2 22.3 52 0 0 208 204
K30+900 11 39 <0.3 19 29 25 0 97.6
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meter in each part of the tunnel drainage system when
the flow rate is 266.8mL/s
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(d) KRB A66.7mL/sEFER B BERERERIER
(d) Data sheet on crystallization per linear meter for each
part of the tunnel when the water flow rate is 66.7mL/s

Elo FHEHEKRZ RO BERGERERIEE
Fig.6 Data plot of crystallization per linear meter for

each part of the tunnel drainage system
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