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Abstract: Traditional surface hardening and impermeabilization measures for earthen slopes are prone to desiccation cracking due
to rainfall infiltration, threatening engineering safety. The application of an capillary barrier layer (CBL) for protection can enhance
the safety and stability of the project. However, its hydraulic conductivity decays with the long-term process of rainfall infiltration.
To address the attenuation of capillary barrier strength in conventional unsaturated CBL during rainfall infiltration, this study
proposes a method to enhance the infiltration resistance of the unsaturated barrier by pressurizing the coarse-grained layer from a
coupled water-gas perspective. A series of physical model tests were conducted to investigate the effects of different rainfall
intensities, initial CBL moisture contents, and coarse-grained layer pressurization levels on infiltration resistance. The main

findings are as follows. (1) When the coarse-grained layer is pressurized (1—3 kPa), rainfall is entirely discharged along the
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interface between the fine-grained layer, the transition layer, and the coarse-grained layer, completely preventing rainfall

breakthrough into the coarse-grained layer and significantly improving the barrier efficiency of the unsaturated CBL.. (2) The steady-

state lateral drainage rate of the binary structure increases with higher pressurization in the coarse-grained layer but decreases with

increasing moisture content in the fine-grained layer. (3) A Comprehensive Barrier Efficacy Index (CBEI) is proposed to quantify

the effectiveness of the unsaturated barrier under air injection conditions. This result innovatively establishes the soil gas phase as

the drainage driving force in barrier layers, providing a scientific basis for slope protection engineering.
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Table 1 Particle size distribution and physical parameters of the dual structure layer
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20~10 mm 10~5mm 5~2mm 0.50~0.25mm 0.250~0.075 mm <20.075 mm
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A RL)Z [53] A5 30 20 50 — — — 1.7 1.05
UDL 154 fik 16.55 11.03 27.58 8.97 33.63 2.24 1.62  5.28X10 % 1:1
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Fig.2 Layout of pressure measuring point
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Table 2 Schemes of rainfall tests
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Fig.4 Tracking of rainfall infiltration in capillary barrier lay-

er under FO no pressurization condition in coarse-

grained layer

TE 1L Jmy 08 A 4 0 DX B8, I 7 4R 2 A DB W AR R 7Y
HE 7K GE B . r=120~160 min B} , K i A B K 14 58 B
RA 2 SHURZ , By Be Ak 2 29 65 %6 X 38k % 52 15
Bt e (o, ] i 40kE J2 02 0 R B iR iz 4 T &, i
X IZ ALK, Il A 2 B AR R - N B ik Bh
SE LB A HE AR B 2 AR 2 B K e R R L AR AL T
b3y (1) | W= e o 7 7 N R 2 P s o ey s A )
F= BB g DA B R B e T e L B I O R
Y F S BB r=150~260 min i 75 RLURLZ B
Wb 3225 T B X B A b B BHE K L Ad AT S 2
T 4457 )2 55 R RE J2 0 AR A2 A 0 1] HE K U 3 o=
260~500 min B, Zi0RL )72 120 263 20 T 1 i X Jk
A MY R AR 2 5 ORURL 2 R A Y o X R A 26
PSRRI 95% 5 35% iR 45 At 3 H 2 KA
R R R U o Y TS NS ) QN b s el o
2, KX FAECBL —mgs M mA 1: 1R G2
I, 76 P B TR R (3.64 <10 * em/s) T, o4 Mk
o R BEL IR 2 B A 56 4 BEL IR BB 7, 3% b )23 X6 90 o] e T
ABRCRW W B AE % 52 5 ok F2 v, A7 R 00 )
FEURL 2 7 A R o M 1] HE /K 5 2% i e €0 DXk, 1 BH 3%
J5 % T CBL - Ju 45 14 BH ¥ B8 J) A7 75 4k 22 32 T+ Y

A1
3 RUHLIZH A& 16 T WERT A2 LR

30 HANEEEEGTEEETHELE

311 REKEHMBEHTREEETANE KIS
Sy oRLURL 2 38 S AR, F G R R SR B Ol 3,64
107" em/s RS 3G F1 BRI A B B LB L 72
M (=0~72 min B}, 7K 5> BB A A0RLZ N, K
SR B 3% 5 B W T S0 T K IR B A B B
P, i A7 e 18, =40 min i} A F 2, G @K 453 )
FTBELAMS5.2cm FH6.9 cn FIA M 4.8 cm, ZE 4
(R T N - A e e = - s e o N R
B R SR A ol A 22 FLHE K B Ak 3 1, A A kL)



Bo P AR JZE B PR 4% P et LB S o A 95 i 2399

5 Fl*ﬁ*ﬂ:'i%f. RAFT InaS T A S R B

Fig.5 Tracking of rainfall infiltration in capillary barrier lay-
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Fig.6  Trend chart of pressure variation in capillary barrier

layer for scheme F1
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Table 3 Drainage paramters of different experimental schemes

K.

ES Fei 78 14 R 3 i (kPa) 411 /ARRLZ S HE K AR (mL) 4 /KR 2 e HEZK 3 22 (m 1L /min) lg? Neb
f

F1 0.95 4.805.4/0 10.12/0 2.01

F2 0.81 5526.8/0 9.56/0 Lo 1.97

F3 0.90 7456.2/0 12.50/0 ' 2.58

F4 0.72 5526.5/0 9.38/0 1.76
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