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Characteristics of moisture content variation of loess under
seepage and its influence on tunnel engineering

ZHANG Xiaoyul’2 , BI Huanjunl’2 , CAO Fengl’2 , XIA Wanyunl’2
(1. China Railway First Survey and Design Institute Group Co. Ltd., Xi’an, Shaanxi 710043, China; 2. Shaanxi
Railway and Underground Traffic Engineering Key Laboratory, Xi'an, Shaanxi 710043, China)

Abstract: The increase of moisture content after excavation of water-rich loess tunnel has a great influence on the
construction of tunnel. Many discriminant standards of engineering measures based on loess moisture content were
established by predecessors, but there is a lack of systematic researches on the causes and temporal and spatial
characteristics of the change in loess moisture content. The variation characteristics of moisture content under
different working conditions of the Yima No.1 Tunnel along the Xi'an-Yinchuan High-Speed Railway show that
the average moisture content of loess in the tunnel body under the state of natural seepage is 25.9%, with some
part being soft plastic. Under the influence of seepage and water gusher, the loess moisture content rises to 31.3%
on the average, and the moisture content in the lower arch waist rises to 32.2%, which causes problems such as
tunnel bottom softening, slide and instability of the tunnel face, and poor stability of surrounding rock. After the
adoption of surface precipitation, the moisture content of loess decreases to 25.4%, which improves the physical
properties of loess and ensures the safety and progress of tunnel construction. After the groundwater level is
restored, the loess moisture content rises to 29.4% on the average. The loess moisture content of the arch roof and
upper arch waist changes little, and that of the lower arch waist reaches 37.2%. It is believed that the variation of

groundwater seepage will make the moisture content of loess range from 15% to 33%, and the safe construction of
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tunnel can be achieved by controlling groundwater seepage.

Keywords: tunnel engineering; soft Loess; seepage; moisture content; groundwater; surface precipitation;

temporal and spatial variation
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Fig. 1 Distribution map of soft and plastic loess section of the Yima No. 1 tunnel
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Fig. 3 Change in moisture content with depth
in the YM1DZ-17 loess
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Table 1 Monitoring results of moisture contentof

the drained loess in the hole 1%
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1 X0+408.9 29.1 29.3 29.7 29.4
2 X0+413.7 29.9 31.8 32.2 31.3
3 X0+426.9 29.8 30.1 30.2 30.0

3.3 PRl T AR 8 + k%

2019 4 3 F 78 R HUCH 2 [ Kl Bl T, R 7K
P FHUR AR, X Frst o, A P HUEER
[ 57 B 14 K SRR AT W, 3R T it T A A 0 ] 5 K
RAEE T H B ARAS o N 2 ol LI, MR %
IKIG, T S KR — R 23.8% ~ 28.1%, #
T [R5 AKCRAEAE S K SR TR /N, LR
2, FHUES KA 24 5. LL DK256+288 5 1 i BURE I
D25 5 R ), HET . R | R HE R A S R IR
45 LAY K 25.3% . 24.6%. 26.1%, E-HI{H K 25.4%, 1
HEZK it T % 18.8%

F2 MAKBEEFEELSKELNER

Table 2 Monitoring results of loess moisture
content in the tunnel face during extraction of water /%

P Wi L #o bt RO PE
1 DK256+288 253 249 26.1 25.4
2 DK256+587 26.8 274 28.1 27.4
3 DK256+978 23.8 26.2 27.9 26.0

3.4 KPR B KR

2019 4% 1 75 Ty b 3 4R )11 35 J7 1) DK256+280
Wi T R T 6 AR K AR AR (I 4), [ 5 D
— 5 % A VY 2 g 1 00 4 T T L K R AR A
HETR BBl A /K o e 22 17 28 d JR ik B e A R e, B HE S I
LA K AEL T 3~ 9d ek B AR E . 16
FIF A, AT T % S RS B HEAK L TR P HEK
SRR, B B K SRR B AT K 2RSS e ) |t
T e T 4R, LB K R AR S . 2019 4F 5 A TE
155 IR B AK T, KA, T 0BT ) HE k38 18, H R 7K A7
A F T 4L 3, DK256+280 # -+ W 1 1 24 40 d 5
KA A AR R e, O HETIE £ K E Dl 24.1%,
HEE S KRR 27%, FHUER 37.2%, SFYIE K 29.4%,
B EBEB T 15.7%.

Mo

L _530m.__| _|

Ve

o

A
il

!

o |

I
L
I
|
|
|
|
|
I
I
).

Ao I Vo)

—

Y
| |
| |
| |
| |
| |
I I
I I
| |
| |
| |
| |

[0 5 IU R E 3 R G ABUZ DU R A RSB
B o Wl MRk Rk (O] BEiiE
B4 ED—ER5E DK256+280 & 7K Z 1M N4 i m

Fig. 4 Moisture content in the DK256+280 cross-section
of the Yima No. 1 tunnel
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Table 3 Test results of loess moisture content in different time and space of the Yima No.1 tunnel
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Fig. 6 Box chart and column chart for the test results of loess

moisture content in different time and space
of the Yima No.1 tunnel
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