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Abstract: In order to analyze the influence of different treatment measures of karst caves on the
bearing characteristics of pile foundations in karst areas, a coupling model of karst caves-piles-
rock and soil was established through numerical simulation. The effects of two different
treatment measures backfilling method and steel casing follow-up method on the bearing
characteristics of pile foundations were compared and analyzed under the condition of changing the
height of karst caves height. The results show that the vertical bearing capacity of pile foundation
decreases with the increase of the karst cave height under the two treatment measures. When the
height of the karst cave is less than 10 m, the impact of the karst cave treatment measures on the

vertical bearing capacity of the pile foundation can be ignored. When the height of the karst cave
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is greater than 10 m, the impact of treatment measures on the vertical bearing capacity needs to
be considered. The axial force of the pile body decreases greatly and the pile side friction
resistance increases significantly within the scope of the karst cave treated by the backfilling
method, but it is basically unchanged in the karst cave treated by the steel casing follow-up
method. Compared with steel casing follow-up method, backfilling method is more conducive to
exerting the pile side friction resistance. With the increase of the height of the karst cave, the
proportion of pile side friction under the two treatment measures gradually decreases, and the
proportion of pile end resistance gradually increases. When the ultimate bearing capacity of the
pile foundation is reached, the proportion of pile end resistance of karst cave treated by backfilling
method is smaller than that of steel casing follow-up method.
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backfilling method; steel casing follow-up method
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Fig. 1 Model sectional view
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Table 1 Finite element simulation model material parameters
ok FLPE AL L E/MPa NER /N F®J) c/Pa N o/ (O T y/ (KN« m~ %)
il 2.5X10° 0. 20 25.0
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IR 4 40 0. 30 1.8X104 10 19.5
5 sk §X 102 0. 30 0 28 24.5
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Fig.2 P-S curve of pile foundation with different karst

cave heights after steel casing follow-up treatment
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foundation after steel casing follow-up treatment
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Fig. 4 Influence degree of vertical bearing capacity of pile

foundation after steel casing follow-up treatment
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Fig. 5 Axial force distribution law of pile when karst cave

height changes after steel casing follow-up treatment
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Fig. 6 Pile side friction distribution law when karst cave

height changes after steel casing follow-up treatment
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cave height changes after backfilling treatment

MNP 10 AT LA M 3 1 Ak 36 SR 1] 3k ) A
By fith 3 6 B 55 V2 T RS A P KR A T R Y 3
A0 PR Y T LS BT A A AT 050 A W 8 0l 3 A
J2 I Bl 0 3 Dl BRI e JRE OSSR S8 IR
B b 77 A 33K 156 T [ S5 8 A 0 B 3 A5 LA K
P H T B A T A 2 R T i T AR R RO .

IR AR 6 2R BT SRCIE B, R B 9 IR g JEE AR AR T
(R AP 00 2 BEL ) A2 AL AR G P 11 frs . AAIEL 11 AT A
A VAR bV SR FH [ T i AT ) B BEL g 7 v R 3
B 2% 97 T i 38 O A 4 o T2 3 A s B, R
DRI S 1] S5 A (AT Ak B 77 A R 24 S A A G 52
/0N S RN L 3 38 O 2 T i A S R 2R T s TR
905 FEBL A B4 A 000 2 BEL 7 5 HG Al IX JsAH BE /0 A A )

cave height changes after backfilling treatment
{8 i 8 FH TS & A TR 9 ) g 2 A A N RE L g e
A6« 0 1T 1] S50 - 8 ok 37 10 9 BT 1 60 A 00 P2 BHL T 2 4%
L I J3 3 A 00 2 L T 014 e % A R A R s ol T I O
] 33 - 554 o 2 B9 4 BT 55 3 22 S K U EE BEL
TEREFEE A G0 a8 R 2 R AR RTE .

3 MIPE RS E S EIRERT

3.1 FREFAXLE
AN TRV TR o B B 2 Ak v i e 1) e 1) A 3R T AR
fb R 2 EAR I 1213 Fis .,

. 651 ——— PR
g ool ——— EH
B
& 55+
i
E sl
E
& ast
400 5 1‘0 1‘5 2‘0 25
i 9 5/

12 BARASEEUMEERAZEHNETK
Fig. 12  Variation of vertical bearing capacity when

karst cave height changes

12
z T
g 101
o
B
R 8
&
%
= 6r
2 o
40 g 1|0 1I5 2I0 2‘5
51 5 B /m

13 BAESEZTHUMNEREAFENEZETH
Fig. 13  Variation of vertical bearing capacity difference

when karst cave height changes
M 12,13 7T LUFE Y A0 [) B 980 A0 36 165 7 T
PR UG VA T e B e o i AV S s ) R 2 ) 52 98D 1



156 AEHAFE TRFIR

2024

o SRR T R 0k B A R 8 ) 2R 2 ) H VT
= BE O m B Y 64. 80 MN J /N 815 1 /&5 B 25 m i)
(5 40. 00 MN ;3R FH [ 3L i, A 35 12 i) 7% 2 g Pl
T 25 B 0 m BF Y 64. 80 MN Jdi /)N B %5 1A &5 B 25 m
B4 50. 60 MN,

S V5 1 25 B R 3~ 25 m B, SR JH 400 i B ik
15 1] JE 3k B A R il ) 7R 2 T 25 (B PR 4. 6 MIN 1
Jn#] 10. 6 MN, % & B2 b 10 moJ5 . ]I 3 il
AP 1% i) 7 A ) M e R A A L T AL A £ R
HE R AR VA A A AR e A O L IR B S TS
8 B 3 Il B0 ORD T 95 T B AR 2k L (3%
DX B A A0 P22 B 7 A5 DA & #5515 T 8 B2 /N T 10 m i
2 Tl &b YA Tt W R R ) R 2 AR AR 22 (E /N T 6
MN, U5t B3 b A% B0 T 5 2 Ff i T Ak 36 15 it Xof A 35 7
B R B . 7E SE bR TR X T
JE/NTF 10 m (1 B, BT LA T R Ab 3 4 i X R
BB R,

3.2 tEMIEEPRR N1 K BE 71 & e 3T Bk

VAT v B AR AL 2 A Ak A A e A it BEL T o b R
A A8 B 7 o b AR AR R ] 14,15 IR,

501
el AL

—e— [0] 1]

40

HE 3 BEL 7 o5 BB/ %
S

0 5 IIO 1|5 2|0 2|5
¥4 5 B m
B 14 RAEETURERESN ST NE

Fig. 14 Variation law of pile tip resistance ratio

when karst cave height changes

N
A%
2

(=)
(=]
T

w
w
T

W
(=]
T

I
[
T

A B B 77 o5 EL/%

N
=)

é 1|0 1|5 2I0 25
I 7 BE/m

15 BREASETHUREMERN SETARE

Fig. 15  Variation law of pile side friction resistance

ratio when karst cave height changes

MIE 14 15 7T LAF . B8 BE S 9 1) w5 2 ) g
T Ak S BEL 13 -5 A 000 R L g 3 i) 2 328 T 4 R U
PRI B AN T e R X T 2 0 5 i e R TR Y

SR FHAA 47 B R 0 3 B T R B E 0~ 25 m 1Y AE 4k
b AR v A EE BH 7 o R ) R 0 0 L EE R 89. 92 %%
Uk /b %) 52. 30 %6, Bk ity B g o 8 1) 2K 2K ) 9 bR R
10. 08 o34 N 47. 70 % o >R FH Il L9 B, 5 1 55 3
FE 0~25 m [ ZAE Ak sk B2 oo A EE BH 7 5 88 ) 7R 4%
FIRYHL T 1 89. 92 Yok 4> F] 60. 10 %6 , ki BH A7 i 1%
A ER T I E 10, 08 %0 s A F] 39. 90% ., 2 Fh
A0 T 45 it 292 30 1A [ 0 KA A VS I TR e B B Al
T AT JEE BHL Ty L i 32 T A /) o A i BEL T L R 32 4
R RS AY Hy R 45 AT 1] JBE 482 iy 7R MR A8 Ak . ok X
L 2 i v 46 it T A AT i BEL g 55 O BHL T T
K JH RT3 325 &b 365 5 i) < (8 A7 A JBE BHL 7 & 4884 T 8%
s BIVAE 3 BHL 7 & $AE FHER /IS & 33 2 R A (] 0k} i b
TV B A A Y R O 5 A A EE RHL ) BB % S O3
KA

(1) P g JEE 38 I B0 & R T8 37 fa7 B E 76
(0] P35 Ak 3 Y ) Jim A 1% 1) 7R 2 I S ek A e
YR /N T 10 m i 2 Bl R YA S E T B %5 1)
TR IR 22 W BE /N T 900 MR A KT 10 m
R o SR JHE 3 B BROE V5 A 3 1) o A 3 5 1] 7R 38T
B I LR B R 3k 26. 500 R A I B R T
10 m, 78 52 B TR 0 B 0 2 B8 AN [8] A 3 45 it o
B ) R R

(2) 2R FH AN fa] BR 2 5 A (] S0 A B 26 s A
B 7y 243 15 A B % I AR T ARG L RSk Ak T A
By B 3 W i A o AFL 7 B 4 BT R E O b R LR
B,

C3) A JEE BHL 7 75 [0l B0k A 1 ) 35 31 v B I 446
R ABTE B 37 faT BR VR A BV TR G T S 043X 2 i
TSR TR AN T I R P AR i R A b A XA
Fo /Iy T4 A4 1 B 22 g A0 B BEL g

(4)2 Ffr Jb 35 485 0 T A 5 BHL g 7 bG35 3R HY A (]
PR IR o RIDATE 00 FEE B 7 b i % 3 /) o A i BEL ) L B
I R o [T A Ak 0t A ) A A i R B k B A
JEEBHL 7 o SO A i BEL g ol FE /N

(S AESE PR AR v o I AR 3 95 1) o3 J5E | B B2 B 4%
A TR) B V8 R A Y G BRI AR AL R

S & k-

References:

[1] FENG Z]J,CHEN H Y,XIA C M,et al. Prediction of

bearing capacity of pile foundation in karst area based



% 4

#

e B 5 R BRI AL S e x dE R R AR 8 R AT R

157

[3]

[4]

L6]

L7]

[9]

on model of metabolic GM (1,1 [J]. IOP Conference
Series: Earth and Environmental Science, 2018, 189
042012.

Wer A SR R RVE AR RE KRR R
LR T HADFFTL) . it T H A 2017, 46 (19) : 130~
133.

YAO Hongsheng, FENG Zhongju, YUAN Zhan,
et al. Large bridge pile foundation construction tech-
nology research in karst development area[ J]. Con-
struction Technology.2017.,46(19):130-133.

K IR 2R . i DXATE B 0y 2 R 43 17 B B AR Ak 15 1 B
FE[0]. M5 5 4K . 2018,54(4) :824-832.

ZHENG Xiaohui. Study on mechanical properties of
pile foundation and optimum design of pile types in
karst areas [ J ]. Geology and Exploration, 2018,
54(4) .824-832.

T3 G IV B O 1L A DORE B TR )
ST S BT AT A TR AR, 2013, 35 (3 2) .
1117-1121.

FANG Yunfei, SUN Hongwei, KAN Dunli. Analysis
and design points of pile foundation engineering in
Tangshan karst area[ J]. Chinese Journal of Geotech-
nical Engineering.2013,35(S2):1117-1121.

WANG P S,DING H Y.ZHANG P Y. Influence of
karst caves at pile side on the bearing capacity of su-
per-long pile foundation[]]. Mathematical Problems
in Engineering.2020,2020.:4895735.

OB TVE L BRBK RS . T DXOWE S A B AR 2
Lo e 5 =0 3 F 52 LT 1. B O 2% 2 die, 2017,
34(4).774-780,822.

LEI Yong, YIN Junfan, CHEN Qiunan. The experi-
mental study on limit bearing capacity and failure
mode of pile end bedrock in karst region[ J]. Chinese
Journal of Applied Mechanics,2017,34(4).774-780,
822.

TR AR R A 24 10 AL 2B PR A R S 1 S
VAE S B 5 Mo B O s L) ] T 4 oA e, 2019,
32(1):37-45.

ZHANG Yongjie,DENG Jungiang. YANG Xingshan,
et al. Stability analysis method of pile foundation in
karst area base on cavern spatial form[ J]. China Jour-
nal of Highway and Transport,2019,32(1) ;:37-45.
DONG Y X.FENG Z J.HAO Y M, et al. Bearing be-
haviors and reasonable rock-socketed depth of bridge
pile foundation in karst areas[ C]//SHEHAT H F.
Proceedings of Sustainable Civil Infrastructures.

Cham:Springer,2019:141-161.
T R T AR AU O R L R A

[10]

[11]

[12]

[13]

[14]

(16]

RIS A MR A W )] 4258 i i T F2E 7 4, 2018,
18(6) :27-36.

DONG Yunxiu, FENG Zhongju, HAO Yumeng,et al.
Experiment on bearing capacity of bridge pile founda-
tions in karst areas and reasonable rock-socketed
depth[J]. Journal of Traffic and Transportation Engi-
neering,2018,18(6) :27-36.

AR R AR S BER AR AR &
T 3 ME R AR PR K ) i 3 B LT D A %, 2021,
66(1):115-121.

FENG Zhongju. WU Min. HE Jingbin. et al. Calcula-
tion of ultimate bearing capacity of pile foundations of
highway bridges under the coupling of steep slope and
karst[]]. Highway,2021,66(1):115-121.

CHEN H Y.FENG Z J,LI T,et al. Study on the ver-
tical bearing performance of pile across cave and sen-
sitivity of three parameters[ J]. Scientific Reports,
2021,11:17342.

B Y SR AR ER L AE BT Griffith 38 5 fE
B T DX B 3 B M A A LT 0. b R B A A
2018,31(1):31-37.

ZHAO Minghua, XIAO Yao, XU Zhuojun, et al. Sta-
bility analysis of cavity under rock-socketed pile in
karst areas based on Griffith criterion[ ]J]. China Jour-
nal of Highway and Transport,2018,31(1):31-37.
A, B EKk BLE U O SE U B IR 5 R
AR L) A 1 17,2012, 33(2) : 524-530.
ZHAO Minghua, LEI Yong, ZHANG Rui. Study of
punching failure mode and safe thickness of pile foun-
dation in karst region[ J]. Rock and Soil Mechanics,
2012,33(2) :524-530.

MR T b DO R R SR
#,2018,63(11):168-171.

PAISEST EMRARA

XIA Lian. Study on influencing factors of bearing ca-
pacity of pile foundation in karst areal[ J ]. Highway,
2018,63(11):168-171.

AT B - =8 (e S I & N R R I 7 N
T # VIR A SR (] 5 - TR %M. 2017,
39(38 2).67-70.

JIANG Wujun, YAN Dingyuan, WANG Mingming.
et al. Study on load-settlement law and calculation of
foundation pile of backfill body in super-large karst
cave[ J]. Chinese Journal of Geotechnical Engineer-
ing,2017,39(S2) :67-70.

BRI H OIC.ESEEFOEBRX KERRE M
BB AE M EE T L] Z 4 535 TR, 2019,
26(1):183-190.

LU Xiancheng, CHEN Ji, LI Yunan, et al. Numerical



158

EAMFE TRFIR

2024

(17]

[18]

[19]

analysis of load transfer characteristics of large diam-
eter rock-socketed pile in karst areal J]. Safety and
Environmental Engineering,2019,26(1) :183-190.
FrUE o At . 2R DX X AT B i 2 ) 5 A
(B BRI 7 [ ], 7K SC 55 T 7 4 % . 2015, 42(6) : 96~
102.

YIN Kaili, HAO Shilong. A study of the effect of
karst on the bearing capacity of pile foundation in
Wuhan district based on numerical simulation [ ] ].
Hydrogeology & Engineering Geology,2015,42(6) .
96-102.

BRRRT L LS B A EE T A X
BAREAR SR ERT S [T, Ui K22 4 CA AR BHE D
2020,34(4) :417-422.

LI Jinliang, XING Yucheng, CUI Wei, et al. Bearing
characteristics of single pile under vertical load in
karst areal J |. Journal of University of Jinan (Science
and Technology) ,2020,34(4) :417-422.

Wcst, & BB AL BT Info-Gap 3 1 B HE
TRRAE W TR EE W ES kL] A 12

[20]

(21]

5 T2 H.2013.32(2) : 393-400.

CAO Wengui, LI Yuan,ZHAI Youcheng. Active anal-
ysis method for stability of karst roof under founda-
tion pile based on info-gap theory[ J]. Chinese Journal
of Rock Mechanics and Engineering, 2013, 32 (2):
393-400.

& AR I XONE R IR R R ) A R T L R A AT ).
A B, 2019,39(2) ;28-32.

LI Chun. Finite element upper bound limit analysis of
ultimate bearing capacity of pile foundation in karst
areal J]. Journal of China &. Foreign Highway, 2019,
39(2).28-32.

SRR E B R AR AT DX A R B R
MmN F R g5 1] A £ 1%, 2018, 34 (1) : 92-
100.

ZHANG Huile. MA Lin, ZHANG Zhihao. et al. Test
research on factors influencing bearing capacity of
rock-socketed piles in karst area[ J]. Rock and Soil
Mechanics,2013,34(1) :92-100.





