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Model Tests for Anti-Crystallization
Measures of Highway Tunnel Drainage
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Abstract: In order to explore the crystallization behavior
and differences in the drainage pipe, this paper, in
combination with field research and the crystallization
blockage theory conducted physical model tests to
explore the crystallization law in the drainage pipe of six
pipe
phosphorus crystal scale inhibitor. The results show that

drainage materials, nano-coating and silica

there is little

difference in improvement between different materials

improvement, At a small flow rate,
and nano-coating, thus the crystallization amount are very
large. When it comes to the high flow rate, the
crystallization of each condition is pretty low, and the
order of crystallization amount from small to large is nano-
coating, polytetrafluoroethylene (PTFE) , polyethylene
(PE), polypropylene (PPR), double-wall corrugated pipe
(HDPE) , polyvinyl chloride (PVC), steel pipe and silicon
phosphorus crystal. The material with a low surface
energy and a large contact angle has a certain preventive
effect on crystallization under the high flow rate condition.
Gravity deposition dominates the crystalline material
under the low flow rate condition and promotes
heterogeneous nucleation, while deposition under the
high flow rate condition is closely related to the material
properties of the pipe, and the exfoliation effect is

absolutely dominant.

Key words: tunnel engineering; drainage pipe material;

flow rate; drainage pipe deposition mechanism
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Fig.1 Schematic diagram of crystal blocking process of tunnel drainage pipe
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Tab.1 Chemical composition of test cement

w(Ca0) w(Si0,)  w(ALO,)  w(Fe,0;)  w(MgO) w(SO,) w(Na,O) w(TiO,) w(LOI)
i/ % 63. 6 22.7 7.7 4.2 0.62 0.05 0.14 2.7 1.78
*2 RWEARARER
Tab. 2 Technical requirements for test gravel
WiH ik RF /mm HEFE/ (geem ) T E/ (geem ™) TR/ % BRIV WK/ %
FEPRER 5~10 1.45 2.83 0.75 5 1.02

®3 HEFUFER

Tab.3 Chemical composition of accelerator

. ] AP . w(ALO,)/
w(ALO,)  w(SO./)  w(Na0) (SO )
e/ % 11.7 25.6 — 0.46
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Tab. 4 Proportion of concrete
3

kg m
SRR KR e 7K HBEH] %S|
R 318 1622 96.5 19. 08 3.18
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pHAE S JH pH 3 52 5 Ca® He B 2R Fl 2. — e DU 2. %
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Tab.5 Parameters of different pipes

G5 S Fifife/ (mlem ?) Hefilosfs/ ()
1 PE 30 93

2 PVC 41 78

3 PPR 30 88

47 e 47 55

5 HDPE 36 85

6 PTFE 19 119

. , P,O-fH: 56 %=1 %; pH: 7.040. 55 Afxt

/ C Wil 7o

& ki )Z 20 137
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Fig. 5 Variation of pH at low flow
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Fig. 6 Ca’ concentration at low flow

' —o—PE —%— HDPE
i —o—PVC —<—PTFE
124 ——PPR  —o— REBEM
' —— JKIRE
ulli
g |
210 [
e
e SIS
REIEY = ==
U ) ks =
75 ! il i} A A N N N fall Y
0 50 100 150 200 250 300 350370
i ] /h
E7 XRETpHEZLE
Fig. 7 Variation of pH at high flow
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Fig. 8 Ca® concentration at high flow
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Tab. 6 Crystallization quality in drainage pipe un-

der different flow conditions

mg
R T

2. 5mles 'S4 30 mLes ' 4&fF
PE 1536. 89 54.15
PVC 1548. 98 55.08
PPR 1552. 52 54.93
A 1755. 83 58.21
HDPE 1570. 12 54.95
PTFE 1519. 82 54.12
TR 1327.32 66.17
YK Z 1520. 50 53. 50
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Fig. 15 Crystal formation in tunnel drainage pipe
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