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Fig. 1 Cracked side wall of Yinshan tunnel
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Fig. 2 Fracturing of the second lining of Jijiapo tunnel
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Fig. 3 Longitudinal section of tunnel geology
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Table 1  Support parameters of Class IV surrounding rock of tunnel
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Fig. 4 Lining of Class IV surrounding rock at the deep-buried section
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Fig. 5 Process of karst groundwater infiltration, storage,

migration and discharge
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Fig. 6 Simplified process of water-eroded groove
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Fig. 7 Calculation model of water-eroded groove in contact with

(a) HEMAAAY

lining side wall
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Fig. 8 Calculation model of "load-structure" method
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Table 2 Calculation work conditions for the rise and fall of

water level due to seasonal rainfall

TH R KAm TA O WREAIE Kf/m
1-0 HETH / 2-0 bub- /
1-1 HETH 140 2-1 Uik 140
1-2 HET 120 22 ik 120
1-3 HETH 100 23 Uik 100
1-4 HETH 80 2-4 sk 80

O HETA RS 960,25 m, B H 100 m; PRI 950,25 m, 8 B
108 m. )

(Note: width of vault water-eroded groove=0.25 m; vertical height=100 m;
width of the water-eroded groove of side wall=0.25m; vertical height=108 m)

IRASE 5 DA AR A P 8 0 B R FE M £ e
BN N m, BIENK AL B 140 m Foon BE B 1% 20 m.
[RIEF, A 7 HE— 2 06 00 1% Ak Y5 R F4) 52 i), 18 1%
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#*3 LAREMRMITELR

Table 3 Calculation work conditions without

water-eroded groove

T AR KAi/m
3-1 / 140
3-2 / 120
3-3 / 100
3-4 / 80
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Table 4 Calculation parameters of numerical simulation

MR R PR /MPa R kgm”®  JARAL MBS RS H/KPa BiBRKUem-s' MR REUMPam

Vay & 23500 2300 0.28 30 450 1.65x10°° 600

WIS 25000 2500 0.2 - - 1.25x10°° /

ZIRA 30 000 2500 0.2 - - RiBK /

Hek & 25000 2500 0.25 - - 1x10° /
Bk 1. REEHEL 100 m, IV A, S A58, 400 kPa

)
o XA R, AR B (R R ) TH35015 31 BB 2 2 B3 0 T
A 518 104.33 kPa, /K347 110 41.75 kPa. [R]ETAR // — W RN
?ngmvs 0 N\

P QITG/T D70-2010 2 H BEIE 140 0] Y121 v 56 30
A oy g 1 2 A e i 0 S P R 3 b U,
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Fig. 9 Seepage calculation results at the 20-meter water
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level from the surface
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Fig. 10 Tunnel water pressure distribution of water-eroded

groove of water storage at different water levels
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Fig. 11 Internal force of tunnel lining at the 20-meter water level

from the surface



Fak Holl BOHF G VAR AL B0 R I o B A ) S R e R S 1275

R 5 AEEREH TN R EIKGEE TRESZ N1ER 1

Table 5 Stress of tunnel lining at different water levels when the water-eroded groove is at tunnel vault 1

it H HETH ks
IKAV /m BH/AN  BEE/KN.m k oi/kPa oy/kPa WAAN  BRE/KN.m k oi/kPa oy/kPa
Tk —896.8 102.9 8.7 1 055.9 —5041.7 -1232.3 20.0 9.8 21469 -3 330.0
80.0 —1567.1 140.3 5.5 675.1 —7 640.2 -1902.9 31.2 63 -3303.9 —5153.3
100.0 —2230.7 180.6 4.0 3947  -10309.1 -2567.2 429 47 44326 —6977.2
120.0 —2899.3 207.1 32 -306.5 —12579.2 -32339 66.5 3.6 521438 -9 158.1
140.0 -3572.0 232.8 27  -10392 -14836.2 —3904.6 90.2 23  -6005.6 —11348.1
* 6 BAEEREHTIMARKIZGTREZNERL2
Table 6 Stress of tunnel lining at different water levels when the water-eroded groove is at tunnel vault 2
ERE| Hei 33
Kbim  BUODAN S THANmM k oi/kPa oykPa MOAKN  BH/ANmM K oi/kPa oy/kPa
ok —1294.6 —53.5 83 -1292.1 —4461.7 —1358.7 1.5 97 29755 -3 063.0
80.0 -1976.3 —84.7 53 -—1883.5 -6 899.9 -2021.9 0.1 6.5 —44925 —4493.8
100.0 -2651.8 —114.5 39 25014 —9284.4 —2682.5 -33 49 -5863.1 —6 059.0
120.0 —33432 —1423 31 32131 -116453 =3 394.0 114.1 32 —41603 —-109243
140.0 —4038.8 -171.3 26 —3901.0 —-140494 —4109.8 226.3 22 24280 -158379
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Fig. 12 Axial force changes at the key points of tunnel
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Fig. 14 Principal stress changes at the key points of tunnel
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Fig. 18 Seepage calculation results at the 80-meter water level
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Table 7 Stress of tunnel lining at different water levels when the water-eroded groove is at tunnel side wall 1
e HET &I et
7Kﬁi/m k ol o3 k [oa] o3 k o o3
80 5.9 -172.9 -6 780 6.5 —4 473 —4 489 6.2 -3 110 -5298
100 4.4 -1316 -8 607 43 —4 181 -7 847 43 -3978 =7375
120 3.6 -2914 -10078 2.8 -1 657 —13 690 34 -4 612 -9 774
140 3 —4 612 —11 445 2.1 974.4 -19 701 2.7 —4 932 —12 520
* 8 BEERENERARKLEZGETHREZHER 2
Table 8 Stress of tunnel lining at different water levels when the water-eroded groove is at tunnel side wall 2
BYINE| Ak Paserad ] AR
IKAS/m k o o3 k o o3 k o o3
80 6.5 -3 558 -4915 53 -1 832 -6918 54 -2217 -6 600
100 4.6 —4 402 -7034 3.7 —2 443 —9 344 39 -2577 -9 285
120 35 -4 814 -9 670 2.9 -2 836 -12 137 3 —2428 -12616
140 2.8 =5 040 —12 480 2.3 -2 749 —15 455 2.3 -1213 —17 057
R9 RBAEHRARKLEFGTERESNERL
Table 9 Stress of tunnel lining at different water levels without water-eroded groove
gE| HETH bR Bk He
K2 /m k o o3 k o k o o3 k T o3
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100 4.8 925 —8416 54  —4661 =5 681 54 3823 -5983 46 2112 -8 044
120 41 —1383 -9 398 32 -1130 -11991 42 —4126 -8 109 36 2689 10048
140 35 -2623 10561 2.4 1763.6 -17617 34 4414 10201 29 2557 12747
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Simulation analysis of mechanical influence of water level
fluctuation in water-eroded groove on tunnel lining

CAI Zhiyan', WU Yimin’, XU Peng’, CHI Zuoqgiang’, HUANG Min*, WU Haoran’, ZHANG Jiawei’
(1. School of Civil Engineering, Sun Yat-Sen University, Zhuhai, Guangdong 519082, China; 2. School of Civil Engineering, Central South University,
Changsha, Hunan 410075, China; 3. Shandong Luqgiao Group Co., LTD, Jinan, Shandong 250021, China; 4. The Third Construction Co.,
LTD of China Construction Third Engineering Bureau, Wuhan, Hubei 430074, China )

Abstract  Karst tunnels are usually faced with the risk of water disaster caused by seasonal fluctuation of water level
in water-eroded groove. Due to seasonal precipitation, water supply and other reasons, water storage structures such as
karst caves and underground rivers are in the state of low water level in the dry season. When the rainy season comes,
the groundwater level rises rapidly due to water supply of these water storage structures, and water accumulates behind
the tunnel lining through water-eroded groove or karst fissure (karst pore). The water pressure of tunnel lining
increases sharply, which seriously threatens the safety of lining structure. Through relevant investigation, the authors
learn that a heavy rainfall caused a section of lining to break, and this section had to be repaired during the construction
of Yunwushan tunnel on Yiwan railway. Besides, during the construction of Yinshan tunnel in Guizhou Province, a
rare rainstorm occurred, and the vertical side wall of the tunnel was crushed by sudden karst water, with the destruction
length of the side wall reaching 20 m. Another example is when the construction of Jijiapo tunnel passed through the
karst area in Hubei Province, the water pressure behind the lining increased sharply during the heavy rainstorm, which
resulted in serious fracturing of the second lining and the bottom plate as well as water gushing due to bottom drum
rupture of the construction joint.

Macro influences of karst groundwater on tunnel lining structure have been studied by a large number of scholars
through numerical simulation and field test. However, most of them are qualitative analyses insufficient in the study on
external water pressure of tunnel lining in karst areas, and do not highlight the distribution characteristics of external
water pressure of lining under fluctuating water level of water-eroded groove. Therefore, these studies can hardly
reflect the actual influence of karst groundwater on lining structure in terms of the calculation with load-structure

method. Based on the engineering case of a highway tunnel in the karst area of Southwest China, this study
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quantitatively analyzes, through numerical simulation, the influence of different groundwater levels and different
locations of water storage in water-eroded grooves on the stress of tunnel lining. The research process is shown as
follows. According to the results of geological exploration and groundwater connectivity test under on-site rainfall
conditions, the typical cross-section of the tunnel was firstly selected. Subsequently, the external water pressure of
tunnel at different water levels was calculated through seepage software, which was followed by the calculation of the
surrounding rock pressure according to the specifications. Finally, the internal force of the lining was calculated
through the "load-structure" method. According to the careful analysis and scientific judgment, the occurrence
mechanism and evolution characteristics of the tunnel water hazard risk were revealed.

The main conclusions indicate as follows. (1) The water level fluctuates in water-eroded groove under seasonal
heavy rainfall, and the pressure of water outside the tunnel changes frequently, which results in significant changes of
internal force of tunnel lining. When the water level rises, the structural stress increases and the safety will greatly
reduce. The arch and side walls are still loaded in the mode of small eccentric compression, while the mode of loading
at the bottom of the tunnel gradually develops from small eccentric compression to large eccentric compression. There
exists the risk of cracking and breakage of lining structure at high water level. (2) The water storage of water-eroded
groove at the side wall of the tunnel results in bias water load on the tunnel, and the safety factor of the side wall
decreases by up to 1.1. The safety factor of tunnel lining at the same water level is less than that of the corresponding
position on the other side, with the difference of safety factor between 0.1 and 0.3. With the gradual increase of
groundwater level, the difference shows a decreasing trend, i.e. from bias water load to even water load, and the
influence on structural force difference gradually reduces. (3) Under the condition of high groundwater level caused by
seasonal heavy rainfall, although the tunnel drainage system has played a certain role of pressure relief, the tunnel
lining still bears high water pressure. There is a possibility that the structural safety cannot be satisfied, especially at
the side wall and the bottom of the tunnel. Therefore, when seasonal heavy rainfall comes, the drainage system should
be conducted smoothly. Strengthening drainage and pressure relief is the key to the problem that excessive water
pressure caused by water head rise will roughly destroy lining. Besides, the safety of lining structure of side wall and
tunnel bottom should be paid close attention to. In this study, the numerical simulation is used to quantitatively analyze
the stress response and difference of lining structure under the condition of water level fluctuation in water-eroded

groove, so as to provide theoretical support for disaster prevention of karst tunnel.

Key words highway tunnel, mechanical influence, numerical calculation, lining structure, water level fluctuation of

water-eroded groove
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