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Fig. 1 Layout of Yinshawan Wharf
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Fig. 2 Layout of construction platform
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Table 1 Statistics of steel platform surface load
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Fig. 3 Proportions of karst caves with different sizes
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Fig. 4 Spatial distribution of large covered karst caves
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Note: (a) Failure of single-row steel casing group; (b) Failure of rectangular steel casing group; (c) Failure of triangle steel casing group.
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Fig. 6 Schematic diagram of the numerical model
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Fig. 7 Calculation result of bearing capacity
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Note: (a) Point of longitudinal bending moment point: steel casing B3; (b) Point of transverse bending moment point: steel casing B4; (c) Point of axial force: steel

casing B4.
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Note: (a) Point of longitudinal bending moment: steel casing C2; (b)Point of transverse bending moment point: steel casing C2; (c) Point of axial force point: steel

casing C3.
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Fig. 13 Calculation results of bearing capacity

YT, BEASEN 5 2 0 9N ) S K A7 e R
H TR TN AR AP A2, A3, A4, B &40
T KA B T B2, M Al 1 S P C2.
T ) S A P X3k, AN T B A A R A A R A
J3, ForbosopE A AL I R B B B R Bl
1 402 kN, A#EBHE 1500 kN, R i 2 0 4 1
T DU AN & B BOSE XK 28 ) 2 1wy, 8 2 A 3
Wit 1. B 14 B8 TR A2, A3. A4, B2,
B3 Ml C2 T ULHY Hu 2 7= AE AN S B DL L, 9
P RETRE T DO A RS J K, A8 1) DY S 4 /N o
A5 T 00 PR BEL T3 AN J DA S ARk 4 far 2

(@) (b)

IS M, (K 2.00x1073 17%)
B KAE=0.407 5x10° kN m
(BATT 429 7E15 14 33067)
fie/IME=-922.2 KN m
(FLIC 403 7E77 15 33016)

B M, (K 1.00x1072 1%)
RKAE=192.9 kN m
(FAIT 286 TET 4 32911)
e/ ME=—2 090 kN m
(PAJT 298 175 45, 32937)

VA
Y \VX -9

14 TR E
Fig. 14 Settlement displacement cloud map

&AL, B B B2 R Ah, B BB 28T
R A DX T BEAR ML 2 B S AR Al g o, R
TULR I R B C3 Y PIRZ AN SRR,
RAE 7 2 090 kN-m, HI5 (5 C4 Fr AR 52 (A 1] 25 REL A
K, B RAE N 9222 kN-m. BRI, 78 T AT DA 56
PRAUESNA ] C3 P SCETE UL, X AR TR TR BT
TN 6 AN M B4R T UURT, BRRS UL SERIIE C3 fig
SR A S TR B A, DT ORI B A R U A4 DX B fE
g A Z IR (] 15)

LA VLB =R T AL HEAT A BT, AR BN 4 £

(©)

0 kN
B N (K 2.00%10°73 1%)
£ RAE=-300.0 kN m
(BT 390 7E77 15 32678)

fe/ME=—1 346 kN m
(PAJT 379 TE9 5. 32656)

15 REHEXREESHIZKES
TE: (a) DA A R AP C3, (b) Bl 25 5 P RT C4, (o) B s 41 B4
Fig. 15 Maximum points of bending moment and axial force in the unformed pile area

Note: (a) Point of longitudinal bending moment: steel casing C3; (b) Point of transverse bending moment: steel casing C4; (c) Point of axial force : steel casing

B4.
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Numerical simulation of bearing mechanism of steel casing group
in complex karst area

GUO Hui', MOU Yunzhen’, ZHANG Wengang’, CHEN Fei’, ZHANG Yanmei’, WANG Shuo’, LIN Sicheng’

( 1. Jiangxi Port Group, Jiujiang, Jiangxi 330008, China; 2. Yangtze River Chongqing Waterway Engineering Bureau, Chongqing 400011, China;
3. Chongqing University, Chongqing 400044, China )

Abstract The construction of pile foundations in karst areas presents unique challenges due to the unpredictable
spatial distribution of underground cavities, which may significantly increase the associated risk of such projects. Karst
topography is characterized by the presence of soluble rocks, such as limestone, which have been gradually dissolved
by groundwater, resulting in the formation of crevices and caves. This geological feature poses significant difficulties
for engineers, as the unpredictability of these subsurface formations can lead to complications during construction,
especially when steel casings are installed for pile foundations. In karst areas, the risk to the construction process tends
to be exacerbated by the possibility of encountering covered caves.

When steel casings are built, the structural load may exceed the side friction of the casings, potentially causing
them to sink. This situation escalates the construction risks, making the project more complex and challenging. The
project for pile foundation construction in the complex karst area of Yinshawan, Jiujiang, Jiangxi (hereinafter referred
to as the Yinshawan Project), exemplifies such challenges associated with this type of environment. This area is highly
karstic, with caves constituting 76.2% of the karst topography and the largest cave reaching a height of 17.3 m. These
characteristics require an improved approach to steel casing construction to prevent sinking and collapse.

To solve these issues, this study introduces a three-dimensional numerical model that incorporates the presence of
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caves, informed by preliminary drilling data and exploration conditions specific to the Yinshawan Project. This model
is a critical tool for understanding the subsidence behavior of steel casings in karst areas. This study classifies
subsidence patterns into three distinct categories: single-row steel casing groups, triangular steel casing groups, and
rectangular steel casing groups. It examines the mechanics of steel casing subsidence in areas affected by karst
development. The method involves simulating specified displacements to retroactively analyze the sinking process of
steel casing groups.

Through numerical simulations, this study examined the load-bearing characteristics of steel casing groups in
various sinking modes. The findings reveal that the sinking modes differed significantly in terms of the maximum
longitudinal and transverse bending moments experienced by the casings. For instance, in the single-row steel casing
group, the maximum longitudinal bending moment was found to be 1,620 kN-m, while the maximum transverse
bending moment was 664.6 kN-m. In the sinking mode of the steel casing group within the rectangular area, the
maximum transverse bending moment in the non-sinking steel casing was 637.8 kN-m, and the maximum longitudinal
bending moment was 2,144 kN-m; both of these values were found in the same steel casing. In the sinking mode of the
triangular steel casing group, the maximum longitudinal bending moment in the non-sinking steel casing was 2,090
kN-m, and the maximum transverse bending moment was 922.2 kN-m.

The study offers detailed analysis of each sinking mode, highlighting the stress characteristics and potential risks
of subsidence. Given these risks and the specific stress characteristics identified through simulations, a construction
method in areas with significant covered caves, such as the project site in Yinshawan, should be prioritized. This
method should focus on peripheral piling while selectively placing piles in the interior. This study provides valuable
insights into the field of geotechnical engineering, offering guidance for future projects in similarly challenging

environments.

Key words karst area, steel casing, bearing characteristics, numerical simulation, failure analysis
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concentrations of SO: and NO3 in water are high, the saturation index of calcite, calculated based on Ca” and HCO3
concentrations, may not accurately reflect the dissolution/crystallization state of calcite. Therefore, the simultaneous
effects of various ions in water on calcite dissolution/crystallization should be considered, including ion effects, salt
effects, and ion pair effects. (4) After soil vadose water or karst pipeline/fissure water is exposed to the surface, CO, in
the water can complete the degassing process within a few hours. In the absence of a continuous input of soil CO, and
aquatic photosynthetic plants, pCO, quickly reaches an equilibrium state and ceases to be the major factor controlling
the dissolution/crystallization of calcite. The CO, degassing effect significantly increases the 8"Cp,c value, with an
increase of up to +10.98 %o. This results in a substantial discrepancy between the actual and theoretical contributions of
soil or atmospheric CO, to DIC.

Key words Yaji experimental site, carbonate rock dissolution, open atmospheric environment, 5"°C of dissolved
inorganic carbon, CO, degassing
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