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Calculation of safety thickness of underlying filling karst cave roof of

bridge pile foundation
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(School of Highway, Chang’an University, Xi'an 710064, Shaanxi, China)

Abstract: When the pile foundation of bridges in mountainous areas has underlying karst cave,
the pile foundation should maintain a certain safe thickness with the karst cave to ensure the
stability of the pile foundation and bridge. Combined with theoretical analysis and numerical test,
the safety thickness of underlying karst cave roof of pile foundation was calculated, and the karst
cave roof was simplified into solid supported beam, simple supported beam and cantilever beam
respectively. By using FLAC3D software and orthogonal experimental design method, the
influence rules and significance of surrounding rock level, karst cave span, height-to-span ratio,
pile diameter and rock-socking depth on roof safety thickness were analyzed, and the prediction

model of minimum safe roof thickness of underlying karst cave of bridge pile foundation was
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established. The results show that the safety thickness of underlying karst cave roof of pile
foundation is directly proportional to the level of surrounding rock and karst cave span, and
inversely proportional to the height-to-span ratio. With the increase of rock-socking depth, the
safety thickness of karst cave roof increases first and then decreases, and the influence of pile
diameter is not obvious. The overall influence degree from large to small is karst cave span, rock-
socking depth, surrounding rock level, pile diameter, height-to-span ratio, and the weight of
each factor are 0. 679, 0.140, 0.044, 0.018, 0.011, respectively. The test results of engineering
cases show that the safety thickness predicted by theoretical analysis is basically consistent with
the results of numerical analysis, and the prediction of safety thickness based on mechanical
model is conservative, and compared with the mechanical model prediction result, the prediction
of safety thickness of two engineering examples by numerical simulation test is reduced by 1. 47 m
and 0.59 m, respectively. Moreover, the numerical analysis method is feasible when applied to
different geological conditions and has certain accuracy and representativeness.

Key words: underlying karst cave; safety thickness; bridge pile foundation; orthogonal test; mul-
tiple regression analysis
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Fig. 1 Karst cave roof solid support beam model
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Fig.2 Karst cave roof simple supported beam model
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Fig.3 Karst cave roof cantilever beam model
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Fig. 4 Calculation model of underlying karst cave of

pile foundation
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Table 1 Physical and mechanical parameters of each soil layer
+ )2 B/ (kg » m™) | WPIELE/ MPa | (R /MPa | 34 5/ MPa HEL /YA FiK J1/kPa PEEHE AR /()
B A1 2 150 40. 00 66.67 100 0.25 1.0 45
A+ 1960 5.56 16. 67 15 0.35 20.0 18
B 2 2 370 55.28 83.95 136 0.23 2.2 32
o KA A K 2 500 1 150. 00 2 500. 00 3 000 0. 30 1 500.0 27
h XA K A 2 700 4 850. 00 2 500. 00 6 400 0.28 2 660.0 40
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Table 2 Physical and mechanical parameters of pile foundation
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Fig. 5 Distribution of plastic zone of underlying karst
cave of pile foundation
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Table 3 Level values of each impact factor
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Table 4 Orthogonal test protocol and results
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Table 5 Roof safety thickness extreme difference & 3r
=
A [E=¥ wiE | ) [ E=Rrs
i ’ L Ro | 242 d/m 5 ' A ) i " y
S A J& D/m & H/m 0.6 0.8 1.0 1.2 1.4 1.6 1.8
K, 21. 40 11. 20 20. 20 17. 40 18. 80 m‘é/“}
@ #We
K, 19. 80 15. 60 19. 40 18. 00 15. 40 g
K 18. 40 19. 20 18. 60 18. 60 19. 20
g 5
K, 17.80 22.60 18.00 21. 00 19. 60 P
Ks 16. 60 25. 40 17. 80 19. 00 21. 00 % 4r '
ki 4. 28 2.24 4. 04 3.48 3.76 @ 3F i
ks 3.96 3.12 3.88 3.60 3.08 =S
ks 3.68 3.84 3.72 3.72 3.84 i ) ) ) , ) )
n 0.5 1.0 1.5 20 25 3.0 3.5
k 3.56 1.52 3.60 4.20 3.92 N
: ? R /m
ks 3. 32 5.08 3.56 3. 80 4. 20 (e) WAWE
W2 R 0.96 2.84 0.48 0.72 1.12
6 THEZEEEREZWERNTLESR

Wt T B RE ) A L TR 22 4 TR R 2 LG
B 22 2 R JEE 398 000 32 D0 o 3 WA S ) i
R 2 it T 35 1 4 910 Sl il oK 5 BN ) 2
FEL O S P A DX Tl Bl =2 3K

Fig. 6 Variation trend of roof safety thickness with

each influence factor

Xt S LG TR 4 4 JRE R BE A i L B B

LN R B 2 B BN R 8RR E



% 4 3

ERARF M REAELE T RAMBR MG 4R ETH 183

17T Y T A2 i 280 5 B o 98 R TOUT A 4 L 0 g A Oy B
WL D R AR . Y PRI VA R T AL T A
ZMR o b AR A8 T B ey R 9 BE RHE L N 9 TR
I T A 2 2 JRE JRE DRl /)

AR AL I THUAR 22 4 R JRE A A 35 T A 1]
2 WU AR XA TR RV T T A 22 4 JE 2 5 o) A
FIR o S R R I 0 I O 22 4 J5E B 328 T /) 5 Bl
A TR HE— 2 HIN 22 42 R R SO i 5 B
LS BL M A 2 0 O AR S TR MG /N 2 4 TR R AT AE — A
BOEHR R .20 1.5 m,
3.2 HESH

e 22 73 A AL RE 45 Hh 2% IR 3 X TOUAR 2 4 J52 2 19 52
Wi 1 JEE & A 36 VHE 4 1 T % DR 7 7 2 R R
TSGR F AL RN AR A N TR 2%,
BE A TR R EE . Ty 220 45 R Ik 6 fron .

R6 TRREEEFE

Table 6 Roof safety thickness variance
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MG Bl FL 45 &% I WBERE R A 0 S A4 B 110 0-37 B
T RB W B E 6 m, # K E p=0.15
MPa, =5 o 0.5, BB AT F AR B A AR BEK 15
m, AEAR 1.2 ma A TREE 1 m, FAREES DLh KUk A
KAERNEBAER M H. LELEZ A E
JEH 20 kN e m AR EE N 27.3 kN e m °, §
FEAE SR 417, R J1°h 2,56 MPa, f PR &y 6. 4

+
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GPa, AN L R 0. 29, MR TR T F M) . &
TR PR SR BEH 27 MPa. Jr 25 35 FEHL 2. 7 MPa, 4§
BYRBEEL 2. 25 MPa; b faf 2R F S BRIE 15 3 ¢ =
4 MPa, Z&2BIEREM N=1.1,

¥ RS BACA SR (22), 15 3 T Bl 4 b
I TR S /N A TR Sy Sy

S, =N[3.109¢™°24 41, 747In(D) +O‘ 369

R
0.352H*—1.065H—3.511]=4.54 m  (23)
R TIPS 0 BT 96 345 3 1) g = 58 20 00 <22 4
JREEWZR T R
R7T IBRZP1IMNEREEE

Table 7 Roof safety thickness of engineering example 1

+0. 62d+

T REE T J7 . & fL MBKO+313 45 88 i 1 B 4% 3
m. A KE p=0.12 MPa, &L 1. bR R 1
m A TR 1 m. FARE S DLp WA KA 3
BASERANR, LEEBZMACEFYERE R 21
kN« m ° AR K 26.5 kN « m °, 547 i s o
JER 24 MPa, Hi 58 E 2 2. 4 MPa, 5T 85 5 i 2y 2
MPa, N EEHE Al 38° . R J1oh 2.5 MPa, SfPERL i
H 22 GPa.JARA L Hy 0. 24 sk fi 2k ¢=3. 75 MPa,

W ERSBHEACA N K (22) 75 3 T HUE
ot (4 TR fe /N AR E S,

S, = N[3. 109¢™ %4 + 1, 747In( D) + 2369

R,
0.352H*—1.065H—3.511]=2.93 m  (24)
K LA D0 BT 50 345 31 19 g < B8 2 ) 22 4
JEEEWER 8 FioR

+0. 62d+

AT PR AR /m Uiy 4 428 /m
[i] = % 3.53 2.51
[ia 4.71 2.51
B 6.01 4. 37

AR Bl 4 5 9T OO S PR TR A 2. 8 my /)y
TR T 22 4 J5 L DY) O A R A R R AN AR E Y
SEBR TR BRI B TR BE R R SR 58 U L AR 07
3 i 30 o e A o R b R IR SR R A TE W
kg RAE R LA B E S NBS AL CT #
CIGSOLIRYE PR3 NREE S E AR 7 /3 TS
B ARE5E RN AR B O AR BN e )2 5T
2 HEWZ A T B 2 A R e R A
BOR BT

AL 0-0" 0-1°~0-3" 3" £L

o T O TR R B
(dB*m™)

R E/m

SARARARANNRNRNAD.

COCOO =N NN WWWWWEA R R RN
[ISRNe o] S KNG No ] S NN Ne Tl S EiNG Nototen] SN R0 ¥o)

|
=
o

% B/m

B7 17 ~3*®/MFLEA CTHEE
Fig.7 Cross-hole CT profile of inspection holes 1*-3*
5.2 TIFEsLfH2
W S L 22 AU s 2T b b B LN R
M AE KO+436. 5~K0+468. 5 WA — B &7

®8 IEXFI2MBERELEE

Table 8 Roof safety thickness of engineering example 2

L3l LA LA /m BBy % 4 /m
[i] = 2.17 1.88
(i3 2.53 1.88
B 3.52 3.47

AR B T 4 ORL L 3 IR TOUAR S B JRE B A 4. 2
o R0 fe /N 22 4 V8 DA R AT R A O R A
(4o S 2 D TR 52 B - 53 AL I 34 XS A5 i
ZiR A R E A b R TR R T, R4
JERE R A I 25 SR BT AR L X S B A B IR AR
EAL TN 2 2R AR B —E NS H M.

IR TR S G B 45 SR R T ) A R T
22 4 B 5 (B > A S R AR W) HLRUE 0 B
7 AR R T A 5] M 5 A D0 it 0 S nT AT BT —
A ERR P AR e . 3 Ty e A R TN 2 4 )R R
i [ SR R R A ORI Z L, BB R A S R
IH TR B 5 v 7 1) A 2R LA B SR A )
T MR 22 42 JEJE W RE W 5 53 Ah o 6 T )~ i L £ 22 42 )
JEE B PR AT TR AR AU R 15 B A0 4 A R A
LU T 7 2 R T 22 4 R B2 A ) IR 1. 47 m &5
0.59 m,

1 AR T 24 A 5 A 0 5 R
REFE AR S5 XE L 58 4 A8 3 I 708 5 SR B 2 503t
B TR EER b, AR I T AR AT TG 2 B A LR o A
78R P AR A 2 2 2 2R 38 20 AR e T 43 5K e
TCESR At s w05 2 2 3 TR % 42 )&
¥ o f s SEPR TR SRR 8 BRSO M S B 2
FRES & A T % ) Y B A 2
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CL) W A7 5 71 AR i T T AR 5T A Sy i1 S S8 Al ] 52
TN BV R BT A ) e R AR B TR
VeSS S ) B S R SR R A T %) A T AR V3 A e
NG TR A

(2) V531 TV A de /N 22 4 JRE B 55 TR 2 /K- i ) i
JFERGIE L . 5 1 5 L S L B S e R B A R
SIS A TR R 5 O S 1S 0 S U /0N 1 R A B A 1Y
AR IR o R A e R B /IR IR Sy I
5 B R e TR B KO VBRSO L L 45 AL
H 50 0. 679,0.140,0. 044,0. 018,0. 011, Jf-
ST AT ARV I TR AR e /)N 2 4 PR T AR A

(3) 78 S {5 46 0 45 SR e W, 36 T 2 A A0 ol
YA JEE S s B R A & BEUE 5 i
TRAE N T [R) M o A 0 B D1 SE AT AT, B — i
HERRPE AR R E

(4) BT 7 2 AR TN £ 42 J5E B I ] 52 R e A
JE S TR ORI Z B RS oy R Rt T AR g¢ v
JO7 AR5 31 T 2R LA R BB AN X I IR T AR 22 4 JRE
Y SZ R 5 53 A o B T 07 2 455 AU P ) 42 4 TR R 4
S BB AR AL IR 0 B F 0 42 4 TR A R AIG 1. 47 m
50.59 m,

(5) 1 T #8240 2 T rp € T TR A 2 T
BGEHE R R A 5 SR TIN5 A A S Otk A
TS HROBR A5 B0 » 52 B T2 7 P o m ) AR 40 1 5 B8 A T 00
TN R A A

S %30k
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