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Table 1 Development of karst caves revealed by drilling holes in the project
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Fig. 1 Regional geological map of the project site



Fa3E HsH &R

W DR AR X AL 37 M R R R M 2 M AL, B AR A 1101

T, B A SBUKE S, f T R H, 24Pl
W B B0, T R i VA A | R R R T
TG AT AR E mRl, AR ™, 520 AW
L5000, KB NI, Mt AR g i . 7E
Z BN E WAL LD SR b L T 38 R R S AN TR
A, AT RE A AR A . b IfT & A R S TR, R
FIF ML IE e 4l 1o PIL, 75 0 M558 e P
W AL A FE AR 9T B R EE

Sk VLS R B IX 2 - SR L, AR OB R i
A HEZ R0l AR AR b T B SR S g, HE
TRV ISR 2 TR

2 BiRXIHIAZE X IEE RIS

2.1 HEBUSRUTE

X )2 FE R RIE L B8RP Mgl 1 MK
TN, ARG R H s M 25 . MR KSR
RN ECE S ALK, KA 438 mo R R|H 5
B8O 5, AR AL A AU BT TR TV A ) R 50 m, 1)
£ 100 mx50 mx50 m Y = 4 FLAC3D 7 {& i A4, 7
BERIRTIG « 2247 SR H S 2% ih 20, B3
NHR AW AR 15 R Mohr—Coulomb 75 4
BERY, TR AR AL — W6 DR, A0 B - RSB0 it
T 130 kPa "HLIA A7 far 28K A, 7 T b 5T 25 A A5 784 4
& 2 ez, Wi e o B HCEE L 2% | kb )2 L 5
ToUAR IR )

FEAMEE : S T MR BERA K, (B E HIE KK,
YT 3 DX PN BT AR PR8N K, 228 T 7K
o S BRI ER . F1°8 0,

FEAD I AR XS A R R A T SR L, T
HiJZ 5 8 (R & B 3 TRD G 5T 00 465 1 1 3555
RBNWIE N IG5 J5 , PR R 25 (B ok 25, A 40L i i)

o RG9S B R i TRy 4k 0 1k
W 55, [ B K ) i A7 B8 S RN 4 o B i R 0,
UL S 2 VA IR B S Y B IR 2S5 R i o 4
R, B TR E S .

WEFT I b | o 5 e Ml SRR R X ML
X B2 LA, R SRS HE Sk v JI T J5 B 5 9 T
5 FE Y EO AR, 8 SO 5 EL R I R S TR B 1Y
FUAE, 53 80 SCILRE He 5 0 1 a3 i A A v TR S
JCUE TR B LR L B 5 7 7 LB

22 HEHEMERESH

221 BB RIE TG A

Kl 3 ML X AE AN RS LA R R AL
N AR A R . B 3 AT YRS (K, =
0.2 B, TOUM 57 % AH X JC I T R AS B A I 96.1%, 12
IS 65.1%, MR A1 FE1G N 47.7%, e K F 0 7]
Fide /N0 188 KAE N 20.6% . 18.3%; Fifi 15 HL 1
K, Vs TR XT AL Vs LR M2 Wi i T RRAIR, e
B 2 K=1 B, T X i 2 467 B2 B 52 Ak o
T 6.5% 2247, HW Sy 3B i/, 5 L F R
TR

222 HELANG G RIE TG A

4 R WL X AEAS ] s 5 AR TR s 6 7%
NS AR A AR . A 4 TR 2 S L (KG) =
0.25 B, T M v #% 14 i 258.8%, i JZ2 (i #% 4% &
148.3%, Hi i B 18 B 61.7%, fc K5 fe/N E 0 143
WL 18.2% ., 12.5%; % K >1 B, BT X HL% 3 X
T sz e i 2 B V-2, 24 K=2 i, Rt a5
VAR b T St i = N iy NN S N A A B e |
LI 8% . 6%, ML AT BR IR E N B, B
FRE.

xk2 HSTENMENFESH

Table 2 Physical and mechanical parameters of rock and soil mass
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Fig. 2 Layout of monitoring points for strata displacement
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Fig. 3 Variations of displacement and stress with different

thickness-span ratios in the airport
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Fig. 4 Variations of displacement and stress with different

height-span ratios in the airport
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Fig. 5 Variations of displacement and stress with different

thicknesses of embankment filling in the airport
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Fig. 6 Vertical displacement curves of monitoring points and cloud map of plastic region
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Fig. 7 Curves and nephograms of maximum and minimum principal stress of monitoring points
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Impact of concealed karst caves on airport surface stability
and treatment techniques

YU Qian', WANG Chengcheng’, ZHANG Shasha’, KOU Jingyuan', WANG Zhifeng’
(1. China Airport Planning and Design Institute Co., Ltd., Beijing 100120, China; 2. School of Highway,
Chang'an University, Xi'an, Shaanxi 710064, China )

Abstract If an airport is built in a karst area, a concealed karst cave will pose a challenge to the airport construction
because of its concealment. The adverse geological effects in the site area of the third phase expansion project of
Guangzhou Baiyun international airport are significantly pronounced. The roof thickness of 132 exposed karst caves
ranges from 0.1 m to 5.2 m, the height varies from 0.7 m to 13.5 m, the span measures between 0.5 m and 11.7 m, and
the buried depth ranges from 13.2 m to 32.7 m. Most of the karst caves exhibit no filling or poor filling properties. The
groundwater at the site consists of loose rock pore water, with a water level depth of 4.38 m. The bedrock is mainly
composed of soluble limestone. Additionally, the rock mass in the engineering site exhibits significant folding.
Affected by the Guangcong Fault, many secondary faults are developed, and the brittle rock mass is easily broken.
Consequently, the action of external forces such as foundation construction and road rolling likely cause the breakage
of cave roofs and uneven settlement of ground, which is not conducive to the safe construction of airport pavement.

Therefore, the stability evaluation and treatment technique of karst foundation are very important to the smooth
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completeness of this project.

Based on the FLAC3D numerical simulation method, a 100 mx50 mx50 m three-dimensional calculation model
was established to analyze the influence of different thickness-span ratios and high-span ratios of concealed karst caves
on the stability of the airport site under the filling load of the roadbed. A comparative analysis was conducted to
evaluate the displacement, plastic zone, and stress of typical karst caves before and after treatment, providing a
comprehensive assessment of their stability. Finally, a field test was carried out with the combination of high-pressure
pouring of low-grade concrete and sleeve valve pipe grouting. The treatment effects of filling karst caves with self-
compacting soil, foam concrete, and low-grade concrete were compared and analyzed through various methods,
including by core drilling, borehole wave velocity logging, geophysical prospecting tests, standard penetration tests,
compressibility tests, and wave velocity profiling.

The results show that when the thickness-span ratio and height-span ratio of a concealed karst cave decrease and
the filling height of the subgrade increases, the displacement and stress of the karst cave show an increasing trend and
tend to be unstable as a whole. Compared with the span of the cave, the roof thickness is relatively insufficient, and the
bearing capacity is inadequate to bear the upper load. This presents potential risks of roof breakage and cave collapse.
It can be concluded that the cave will significantly affect the stability of the airport. When the thickness-span ratio (K})
is greater than 1 or the height-span ratio (K;) is greater than 2 for the concealed karst cave, the whole cave tends to be
stable, indicating a high level of its stability. After addressing the typical working conditions of karst caves through a
combination of high-pressure perfusion of low-grade concrete and sleeve valve tube grouting, it has been found that the
displacement of the roof of the karst cave following the treatment of low-grade concrete grouting is only 0.6 mm. This
represents a reduction of 99.11% compared to conditions without treatment. The phenomenon of stress concentration is
significantly reduced, resulting in enhanced foundation strength and effective grouting outcomes. Based on the
comparative analysis of numerical calculation and field test, it is proposed that low-grade concrete should be
preferentially used as filling material in the treatment of concealed karst caves in the third phase expansion project of
Guangzhou Baiyun airport, followed by foam concrete. This study can provide reference for the selection of karst
treatment measures in South China.

Key words concealed karst cave, airport, stress variation, numerical simulation, stability evaluation, concrete

grouting
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