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Table 2  Statistical Table of Karst Distribution
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Table 3  Statistics of foundation reaction

V352 Mo 2% A Hih+ 2 R #F1/kPa K F1/kPa B o XL KA B S /m
1# 14 756 SRR R 140 190~270 FH256.8
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3# 15 731 TR LA 220 210~300 SE252.0
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5# 15 735 ERAIE 180 210~300 LS
6 15 737 TR LA 220 210~300 S35 240.5
TH# 18 79 R 180 130~380 S5 2y7.4
8# 18 Z12 ERAIE 180 130~380 235
)Lk 3 761 R 180 30~90 FI245.5
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Table 4 Comparison of anti-floating measures
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Table 5 Parameters of anti-floating measures

g HEAFFS PUHORET
PR o R
N B
(600 mm) XA =3 350
B. ATIHHT .
(3XHRB400 22) IRAUZ S 180

PRSI A5 SR IR BB .
DRAUEAESE K £ BT A AR 2T, Tl TP S a i, R
UEFCHE AT JZ R B se o o A B, 5
A e FR I ACE TR

4 BELEFE(FK6)

41 HEMEAE<4mBELE

(1) X At FL 27 3 B9 9 ) A 0 5 R S

FEIA R R HRDBR . WA IREE % SRHBA
FOREE R ey, BRI AR R B T
IR R 3MREAE R S Bt T LA . A RbRLAR
HHRBVNOIT, 732 a5 5L, B 2 R AT
PBCTE 2 . TSR R R A B R AR T
15 MPa. VR 52 5 1 A9 B R o 5 1 3 o 3 56 1 2
HARALTF 1.5 MPa,

(2) AT R K e M, 2R K T2 i K e Ry
42.5 9%, KK LA HL 0.6~1.0, T3¢ JE /7 0.5~1.0 MPa,
BRI 20~30 L-min o 3350 10 74 B L 1a) B v 3K
AT, BRI PSS E S P9 RO T
W BB i/ NEARN 3.0 m, HRIE AL A 2081y
P25 A o 33 20 I 248 O J0U0R A LT (R JEG 358, SR
JE IR % 4R, AR R R A, WA B
PRI ARVHEFEN . MERE B LT E, ik
PV R, H4kSH 10 min UL b, BA—E0TE
I, W RTE 20~30 Lomin ' DL, AT R VR
TR AR 2 PR ] SR U AR i ) B i 2

(3) Bl FLVBE VAR 28 R V5 T, 07 AR i T R /N
SEVRIE T A Ao L B IR E L LN TR
AT RIS, R 7 BRI A SRR AR, IF DRI
LN RN Ve 2 AL N TR IR AR E S PR AR S AL,
B 1k R 2K SR BE % o Y I B R KB, ] R
FH 3 BE SR OAIE T C20 (i BETR 5t + Sk e b 2% B
3%, TRTEE - BK PR DA L TR I

(4) 305 2 38 A JE (%) R VEE R K, B 1k UK 36
MEFEZS HE

(5)Jiti T 3h 2. 854t T - ZH AL R Sm il
Bl P9 TC s



Fa3E HsH

AR AR X0 F A SoA A BT 1193

42 HEFFHEIES <4 mBRALE

(DR FF i T8 TR, SR 1 2K
TeRD IR AT [ IELE I A B, PR K Y8 e A7
S5 1 WAL P, R AR IR B — o R E AT O AL
Jiti T

(2) B FFiE Tl A By . R oK HoK R %8 1
VeI, e SR FHE K U8 R/ 38 358 %) LIRS fof Al L 2 ik
4B Je 2 5 DX I A FLBE TR B 1k 28 e LA B 1k 2R
KEWAR FAGEERH/NET) . DN, REZ
WA . FERA 12 2 K URRD IR IR AT [ JEL I Ak
P, e R K YR I AT [ 45 1 AL 38, R Ak
Bl — 5 9 UEAT R B AL T, IR R S AR E
AlAlEk . R RS

(3) 5V b 50 25 17 52 2 i B A ] SR FH BRAE Agl aE
B T2, B RS B LA R RE JEL 0 T JE 4l 22 T ik
A EEK
4.3 AE >4 miRiEALE

IE AR 45 — AR 2T 270 & FL R, TR & ok
14.6 m. 4 JLEE B N 2~3 JZHEZE+H 2 1 R %=+
AP, T BERAEZEEREH
Z70 3 B = R o DRI I I S B ) R
&, A E PR iR /N AR BUIRAE (600 mm),
IG5 TR A o DA AR T A7 Tl R B Bl B
3N b I B A R RS )

I A7 AR SRV TR e A, SR FH AN b 3 5 1%

(1) eI RER R BR . f  IREEL . SRR
A1 SR AR SRR, AR A A A B RE . BT
IKRHIE . SRR R A R R 55 T LA . M4 RH KA
BRI, 737 SRR 5L, A 2 R AT
WL ZE . FEEM R A PR AR EART 15
MPa, AR5+ BT e R i s i o, BR
NAETF 1.5 MPa.

(2) TR ARG W, R K VI oK e
42.5 %, KK H AT H 0.6~1.0, 1332 1% /7 0.5~1.0 MPa,
BRI 20~30 Lo-min o JEHF 1 44 Bk L R) B i 2
AHEAT, IFEER SN 5 oA A v 2Rt T ik
WRB B /N EAR K 3.0 m, LURIE L A 2 0% 1)
EIESTE NG o 40 B b A=A DN E 7/ 0] 3ot B2
JE RSN % LA, PEAS R AN B, AR
R, NS B AR A ARV N, M
JE 1384 T, 8 B ER, 4k 23 10 mim

P b, BA—ERERE, & 20 ~30 L-min ' D)
B, A R

*6 HBEARGITR
Table 6 Statistics of treatment method

79. 710, 212, Z13, 726
. Z10. Z12, Z13, 226, -
736. 256 Z57. Z58 BEHE -7
2 270 SeHUR A L BB, T
209,21 -1

4.4 BRAAERETFEEN

(1) FEREHE N Tad fe v, 38 5325 RV R X A ik
it TR ASFIRZ MR o 3R 22 o JC se s el o sE R,
SR R B G R A . W TR AR
TR AR D0, 75 A DU e - B LR 7%

(2) AEFEAT SR T, 75 4308 B R AL SRR
AT UM AR DU HEAT AL AP BERITR 35 1 58 U ) oA,
DIMARUE TR BRI T o X b Bt S5 02 52 2 1) i B
e ZLE A A ALRAR AT L S Pl 1155 D0 M A e i
Freaa P, LARA PR TREAEST 1 J2 A9 HERG 7

(3) At TR AT iU, R L R ) LB,
AT U R G 35 A Tk B 2R T AT I
AEERTT VR, BRI AL R A R SRR EOR E,
T R PSR S B R T 2

45 LHRKIG

F T AR T H 75 A B AR AR LAY B A R
FE, FE 10 MR 2 A0 I BRI R SN, R X
W SR 1 o R R BE AL A AR BT . 4% 1%
FLEGA, HAR/NT 3 &, BER ARV TR Z A —
K, 28d bR BT BN AN /N T 10 7 o K45 SR I 2
BR, /NG ECR 15

Xof AT 5 SR FH P 0 3 S 3k EAT W B e MR 5
BT R BRI, g AT 1% HAD
T3, PES SRR IS R 1250, 600 mm
Mk HE R 2 1R 304K 71 in#k i 700 kN, B 7K 38 )
K5 FE Sy iz 3000 kN, HECE S 2 £ 31K
BT RHIEAE, K025 R R 2Kk . 800 mm HESELHT
A 56 7 2K T A 5 H N # iRy 5200 kN, HESE
k2 AT AR AR T R, A 5025 SR 340 e K

XEUIE AT EAT BU ORI, A 50 B A1 DT
BERT B 5%, BT S AR, Kemdk Srm g &



1194 I

2024 4E

360 kN, HAUE D 2 fF B /R R RF AL, K g 4
R L EK

5 & &

(DRAEHTA FA A T X ETIIH, A3
ST H M B BRSOk B LT T 4,
PETT45 5 5 H 25 R R a0 LR 7 S8 A i Ak 7
AT TP, Wik,

(2) A WP | HTEF R AT B T AR B R (4 4G
5, B UE 1 AT H Rl B n i B O7 S 00 AT SR K
AR

(3) HATEE X A i A B XORIR SR 2 AR+t
TR T S AT 2 e~ A+ FLARE R X B il 2 o
BB BN Z o AR SCHRIBESE RIS Al g A 5
T H BRI A A 4

S 30k

[1] RZ3E A0 DU IR e i xS s e iy 5 (D], Kb
TR, 2004,
LIU Zhikui. Study on effect of cave and cave soil on building
foundation in karst region[D]. Changsha: Central South Univer-
sity, 2004.

(2] RFREE, W, RWIIE, PVE B, JRIPRE, VFANE, 189, BRlk. 1L
ARAARET B T R T B A9 SN K B i 0 3
(3], K SCH B TR, 1998(5): 27-29.

(3] RREC. AW i s f pe s fF D). i A, 1988, 7(1):
9-17.
KANG Yanren. Forming condition of land collapse in karst
regons[J]. Carsologica Sinica, 1988, 7(1): 9-17.

(4]  ZHAHE. BB IEA ], gl THESH, 2002, 19(4):
61-67.
LI Zhiguo. Technology of treatment for karst encountered in tun-
nel construction[J]. Journal of Railway Engineering Society,
2002, 19(4): 61-67.

(51 el RKIbHER |52 TR 7R M B O 3 4k 1
52 [D]. Kb IR, 2012
LONG Yankui. The study of stability and processing technology
of karst caves in Changsha Metro Line 1[D]. Changsha: Central
South University, 2012.

[6]1  ZF)7 . )bk =S LRAEBC AR A BT[], BRE 2 ik,
2009, 29(1): 61-64.
LI Guangtao. Design of karst treatment: Case study on north

extension section of No. 3 line of Guangzhou metro[J]. Tunnel

(7]

[8]

(91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Construction, 2009, 29(1): 61-64.

ZEBGF, JUARE, £ . 250 DU R B LA T
WAL B [T]. BB, 2009(5): 60-63.

LI Luping, YOU lJigin, WANG lJilian. Techniques of construc-
tion and karst ground handling for bored piles of Caijiawan Han-
jiang river bridge[J]. Bridge Construction, 2009(5): 60-63.
XUBTEL. ST DXk B S ) 1 A TR S i A (0]
AFREBRE R (HRBERR), 2012, 25(2): 42-46.

LIU Ruiqi. Construction treatment technology for city metro in
karst area[J]. Journal of Shijiazhuang Tiedao University (Natu-
ral Science), 2012, 25(2): 42-46.

P HME, Z/IVRR, TR, FEIRER. 9 B e SR R A DX ) O
FE1I]. Bl TR, 1995, 12(1): 53-62.

JIANG Zhongxin, QIN Xiaolin, YUAN Maolin, TANG
Xiaochun. Research of typical solution cave in tunnel region on
Nanning-Kunming railway [J]. Journal of Railway Engineering
Society, 199, 12(1): 53-62.

FTH. AL A AL B B a4 (], ARSI E A, 2013,
10(1): 24-26.

WANG Qing. Analysis of treatment for bridge pile foundation in
karst area[J]. Modern Transportation Technology, 2013, 10(1):
24-26.

TEUEIE. 1 (T M0 (N 30 T B A RO A 2 VA [l e ().
IPEsSEEME, 1998, 23(3): 22-23.

EEIREL, AR, 76 Tolk 5 RV S i A st S AL BT )
(0], AL TR, 2001, 4(11): 43-44,

L, LR, WILER, TOR B, SR E . EAETEG T 1
JEEESMILACFR (7], 2 £ F1%%, 2015, 36(Suppl.1): 430-438.
JIANG Yan, YANG Guanghua, HUANG Zhongming, QIAO
Youliang, ZHANG Yucheng. Ground treatment of high-rise
buildings in complex karst region[J]. Rock and Soil Mechanics,
2015, 36(Suppl.1): 430-438.

HES LI HLE: GBS0007-2011 (ST, db st fhE EESH
Toll Rt bR, 2011

Code for design of building foundation: GB50007-2011[S]. Bei-
jing: China Architecture and Building Press, 2011.

SRAREH, Jr I, RS, AR I, HIR)Z I b )2
PR PEREWT T 1], M F 25 1) 5 TR, 2015, 11(2): 343-
349.

ZHANG Junmeng, FANG Congqi, ZHU Jie, ZHU Junfeng.
Research on performance of pile-raft foundation of high-rise
building on ultra deep karst ground[J]. Chinese Journal of
Underground Space and Engineering, 2015, 11(2): 343-349.
A, TV, IAERE, T ST AL A VA b IR R A A A
FSEER D). T, 2019, 38(4): 591-599.

LI Xiang, YIN Ji, WEI Jiaqi, WEI Maji. Optimization of pile
foundation for high-rise buildings in deep-covered karst
areas [J]. Carsologica Sinica, 2019, 38(4): 591-599.


https://doi.org/10.3969/j.issn.1006-2106.2002.04.014
https://doi.org/10.3969/j.issn.1006-2106.2002.04.014
https://doi.org/10.11932/karst20190418
https://doi.org/10.11932/karst20190418

Fa3E HsH AR AR X0 F A SoA A BT 1195

Design of foundation and karst treatment for a residential project
in a karst development area

WEN Yage, LIU Jinshuan, YIN Zepeng, SHENG Jingyu
( Beijing General Municipal Engineering Design & Research Institute Co., Ltd., Beijing 100082, China )

Abstract With the rapid advancement of construction in China, the development of various buildings and structures
in karst regions has been increasing. However, the challenges posed by karst geology cannot be overlooked, as it can
lead to a series of serious engineering issues such as uneven foundation settlement, foundation collapse, and water
leakage in basements. In extreme cases, karst may even result in the loss of foundation stability and structural damage.
To effectively address these challenges, this study focused on a residential project in a karst development area within
Zhejiang Province and conducted an in-depth discussion on the foundation design and karst treatment techniques of
this project. The project comprises 8 high-rise residential buildings with 14 to 18 floors, a 2—3 story kindergarten, and
single-story ancillary buildings, along with a one-level basement. Pile foundations were adopted for the main building
sections, while a raft foundation was used for the single-level basement area. Considering the buoyancy issues in non-
building areas of the basement, anti-floating anchors were employed, and the overall foundation design was rated as
Class A. The geological investigation report revealed that the bedrock is soluble, with a cave occurrence rate of 16.6%,
mostly in the form of point-like caves.

Based on the relevant information above, this study elaborately discussed the foundation design schemes for
different parts of the buildings and the basement. Based on the analysis of the base reaction forces under the buildings
and the combination of engineering experience with geological conditions, bored piles with diameters of 800 mm and
1,000 mm were selected for the foundations beneath the buildings. After the solution of anti-floating pile was
compared with the solution of rock anchor, anti-floating anchors for the conventional basement were planned to be
used. For the construction of kindergarten, which required both load-bearing capacity and the ability to span caves,
piles with the diameter of 600 mm were chosen as the anti-floating measure. Targeted research on treatment
technologies for various types of caves was also conducted. Different karst treatment plans were formulated according
to the height of the cave, whether it is =<4 m for pile foundations or anchor traversals, or >4 m. This study provided
construction considerations for cave treatment, including the adverse effects of caves on pile construction, the
determination of the bearing stratum for engineering piles, and key matters such as pile testing. To ensure reliable karst
treatment, quality inspections were equally important. These inspections confirmed that the cave treatment, integrity,
and bearing capacity of the pile positions treated according to the principles outlined in this paper meet the code
requirements, which can also validate the rationality of the results presented herein.

Ultimately, this study has developed a comprehensive foundation design and karst treatment implementation plan
for the project. Currently, there is a lack of discussion on the design of large-scale basements with flat rafts plus anti-
floating anchors, and residential buildings with flat rafts plus bored piles in karst-developed areas. This study can

provide certain reference for the design of related projects.

Key words Kkarst, karst treatment, foundation design, anti-floating anchor rod, pile foundation
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