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Study on thickness of safety for cave roofs suffered
bending failure in karst areas
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(Geotechnical Engineering Institute of Hunan University, Changsha, Hunan 410082, China)

XU Zhuo-jun

Abstract: Considering the impact of the shaft friction on rock-socketed section in karst area, a series of methods was developed to
determine the safe thickness of cave roof. Firstly, considering the bending stiffness of the entire rock roof, the equation of
anti-bending thickness can be acquired by using elastic theory and the first strength theory. Secondly, considering the contribution of
the shaft friction for altering the distribution of the load on pile, the Griffith criterion and Mohr criterion were introduced to check
computations of the anti-punch-shearing and the anti-shearing capacities of the cave roof respectively. Then, the accuracy and
correction of the method verified by ABAQUS, and the integrated analyzing model for the cave roof and the rock-socketed pile is
simulated. The calculated result agreed well with the simulation’s result. Finally, the effect of the ratio of roof thickness and span on
the thickness of the safe roof were investigated, while the effect of the nature roof thickness on anti-punch-shearing and anti-shearing
capacities and the effect of coefficient of rock-socketed friction on safe cave roof thickness were analyzed as well.
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Fig.6 Shearing failure of cave roof under pile tip

A

— —> |

- — ]
B

X F TR AT BT VIR, A SR R ZR I 1)
SR S THURROTT 5 (1 % 42 JRE L -

(D) X Fa B S S B S R a A, HLEER
SRR RIE AN

2 o0
T _2(Uc+20t)(6+[6t]) (28)
(2) WFATERAE, BURRERE 7, FUEE IR

FEAERIE X
T’ Z(CTC +[crt])2 tan ¢, +(G+[Gt])[0t] 29

e ¢ AEKEANT LA, ¢, =arctan(0.5-
(0,/0,-3)0.5): o, NEABRMPUERE: [o]N
AR R TR R o

M H <10a i, 25630 (1) ~ (3) fik 27) ~
(29) BT 22 4 R EE TS

10P

b3 +[20ar - 2H7 ]h3+H21uh—T:0 (300

ult

U H=10a M, ERIUG TS LT G, @
(D Q) W A = H —10a R EERE )

Fyy <» BICSHTHE P AT M F,, <P
i, 4% (30) THECEVETIR BTN I 24 5L by,
0 Fy <P I, MR F R TR ) %
LR by
P
7_(H_5a)rut
h, =2an ] 3D
7'-_7'-u]t
e BYR 7 o AR R IR R HE AT B
(1) X T AR R A B R R S5 1A A

o o+[o]
\2(o, +2[a,])

(32)

(2) W T AR B R A A

TZ\/(G-‘:-[Gt])Z tan2¢0+[at](a +[Gt]) (33)

X o NBTUIARRZ BT RARN ), 257852
B, M4 o =0. PLETRERRSR NI TR TR Bt
B2 A )RS hy o

ARSI B 73 35 e A v s T TOURR AR Ry 52 2 L
TR E, R 2R BN, RXt
AR PR AR IEAT TR B DO SE B AR EY 0.2~
0.5 FIHTIR R EL

TR TOURR B /N 22 4 JR 52 15 22 IRV R IR ),
FAAVWHARAKE, WRESESSE, Hi Tk
FASHEAT TS B (4L, W 208 T TR 138+ 2 1)
SN, RGE T HENR R NI S AT, 5 SERRE L
FAEZESE, B, X5 5 RAF I T TR 22 45 )8
fE, NI LR K, I K —BH 3.0~
4.00 WUA T DX v THURR 22 4 SR P (i R IA =N

h =K max (h,,h,,hy) (34)

4 HAEUE

NIGUEA SCUHFE T IE R AR R, &5 4
Sebr TRER, SR KB BR I6/ Br ik A+ ABAQUS #
ST AT B AL, TR R S AT E
XTEG o AR A 15 2 E T USO8 s TR B v
SHOGIAT IR, FIE TS ZTHE SR 1 iR,

ABAQUS #:7 R~F K kB Bl an B 7(a) i,
A PR ITTAAY ()30 T oA ML S, K ik B
Wi, a8 /R TAR T AL, B4 AH AR
IVIAAT A EONRLRE , VAT B N, I o
VR 77 55, AR ENRCNE 6T ik, vl
N0 . B 7(b) IFERLLE Mises JT ARAEN T (I8 7 2 &,
BT TOUAR 0 B9 11 i 75 1 de /D 2 4 JR R /N T 9 s



4206 = +

P 2018 4

i G IR IR, FERAIGI DI R B DU ,
A PR TTHAR L AACSICIRAS , SOBUE A 3 2203
PrE WIS A ST g oL, Wkl 8. 9 Frr.

I, By s gy, P BUNTURBTE | Froi) el
O e IR HH I T L IR S5 0y, A
T e A S T 0 B KR

R1 WRATRERTHESH

Table 1 Parameters for cave roof

WA L A ERRERE H AR RMyUERE R, SRS E WAL WNEZR MUIHO BRI c Wit d SRR P
/m /m / MPa / GPa Rl /(°) /(°) / MPa /m /kN
12.3 23.8 35 15 0.26 0.873 0.785 0.8 2.1 7 000

LT

i

(a) MR RT R i ] (b) RSz

B 7 BT KR EA ABAQUS M)z
Fig.7 Model size, mesh size and ABAQUS stress contours

—— ABAQUS {1541
30 —o— R U
R & NPAVIEES

(h s/ H)/ %
S

02 04 06 08 1.0 1.2 14 1.6 1.8 2.0 2.2
(o5 max/ o) | Yo
B8 HAWRITIRNS ZEREMEE hTih BRI R E
Fig.8 Bending thickness curves under different
tensile strengths

35

30 b —o— ABAQUS HUfii 4
—o— R J7ik

25 —a— CHR[2] 7 1

(h ww/H) %
(3]
(=)

5 P T S T T S T SR S
02 04 06 08 1.0 1.2 14 1.6 1.8 2.0 22

(ormax/oc) / %

B SRRy R EE A A BRI R RE
Fig.9 Punch-shearing thickness curves under different
tensile strengths

HiPE 8. 9 AN, X AR R IUES kbl
S, AREESCIRI21I 59, ASCHHRS R 5 BE A

SRV AT, PUERE AR S HE L R
PU I B R AR Ay = 14.28%, LIPS0 S AR 3L
SR 5 HAE S RAR LI B RIRZE Ay = 21.7%
RWASCITIE AT

5 MR

1517 v Tl A B U SR R TN A2 L o
ABE, 3t 20 #. ETAZALER T, UiZALE
9.0~11.0 m (ZUABIHHEERI—3) B, R
FPR R BRI AR UORG,  BRRUTPEIL 4~5 m,
BAEZ LA SR AT, TRATANR . BLLL 870K
i, il 10 s, fEbnmA 153 m DL N AR
T, BB =1.2m, #itHHE P =2 600 kN,
MR A = R AE 10.70~15.30 m, Z/EA
4.6 m, WL 17.00 m LLF. ISR, Oz
JRA KA IR 8 e . By =27 kKN/m®, W
FEWS ¢ =35, FHELBHPUEMRE R, = 120 MPa,
TRRPSER L =5 m, TiARGEMERLE E =120 GPa, %
JERTIAR 75 Z R R B LA R R AR — R, B T
WA E A R R, HR A BRI AR FH ) 22 350K
a=05, k=0..

20 m 20 m

(| | m
R+ N “ 3m
WE A 4m
WAUB IR P Om
RRED e = Sm
Z+ =] 2m

H=RH T 10.1 m
peasi == 10.7 m
H 2z R T

T 153 m
Vil 17.0 m
H 2z R

||||||||||||||||||| 210m

O\
120m 20 m

K10 sEBTHETE
Fig.10 #8 design working drawing

20 m




FH11H

ARG 2 R SL M itk B O BELIK 5 ¥ X TR % 22 )R FE i 5 4207

gia LRTHRE, RAAXHIE, “8R75K
4.0, ZERATRGIS 22 BE R =1.5 m, PiEY
Vw42 b, =021 m, PirhPIsSE i % 4R
hy =252 m. LRSS E RN 3.4 m, 1%
TR R ER

PR TARE S A 5, R T i TR R
PELL ., A RE DA SR R BH ) SR8 W TR 22 4%
£ R 52
51 ABAEBETREBENIERZEEERTH

U DX S 2 0 R L (H /L) S e TR
P R —ERmE, IR P=
5000 kN, WIRJERZL (H /d) AR, TGS
JiE Wi JEL % LU 0 (0 AR A A L, P 11 o

TR TOURR 025 i 22 42 JELFE R H /L ()36 KT 9
Ny HERIRIE X TR P JE 5 LA — 5 5,
HIERGER, RS HO TR TS R (R K,
B A 2 R R N, THUAR P 75 B 2 22 4 JE R T
P o

1.0
09
08
0.7
0.6
0.5
04
03
02

0.1

0.00391 0.01563  0.06250 0.250 00 1.000 00
0.007 81  0.03125 0.12500 0.500 00

JEHE L 1g(H/L)

B 1 EFATRGTS 2R b b HIL ALK R
Fig.11 Bending thickness curves under different H/L

h/H

52 TitkEREEXNHMY). JiBIYIRE L0

HY PR f 4k P =8 000 kN, THIAREEEE L =25 m,
d=12m, WIR&EEL (d/H) X Rt $is]
Yl 4 )R ER R, i 12, 13 Fis.

1.00

0.75 |
T os0f
~

/
0.25 | n/n
!
n’n/n
0.00 [nie 1 1 1 L 1 1 )
0.1 0.2 03 04 0506 08 1.0

&R 1g(d/H)
B 12 WRTRGI I ZEEE h b oH ZRERE

Fig.12 Punch-shearing thickness curve
under different d/H

0.15
0.10
z
<
0.05
=)
/“/
/D
0~00 [u? D’n’n 1 1 1 1 1 1 J
0.1 0.2 03 04 0506 0.8 1.0

&R 1g(d/H)

B 13 WIRTTRGTB DI 2 2B RE hs BE d/H ALK R
Fig.13 Shearing thickness curve under different d/H

T TOURR B P (1) AR AR T v D7) T P P 52
WK HICE ZRIER, TR, BIIpTR
e AR RERUN, BRI, B g )R
BEILiEs Y.

gE LTIk, X SEbR TRE, IR A 25,
AIIE Y IEIERA VR L, 78 0 A AR FHL 77 %6 A T
FF BRI 0 404 ) B R T2 i v TR A
5.3 B EERH ) R B e X 2 A R R I R

BT I TR R R B IS DL IR 22 57 DA S iR ik
ST BEAERE S AN IR, AU BERH ) R o B2
AL o AR TR 42 5 FE R 2 o B EUAE Tt
fi 3 P=8 000 kN, Tt A EEE H=3.6 m, Tk
PEIE L =25m, BISFEARE TEARMER LT,
AT B8 BH. 77 5 50 o % THUAR 22 4% 5 FE () s e, o ]
14~16 7R

HH ] 14~ 16 R0, Ak TOOAR P 5 die /N 22 42 JEL
BEAEMEERH )] R 8 o HISEIN RPN Mie% &
A, R a ST A R AR, 6
LB 22 4 )R EE RGN s HEBERH ) B3l o AR,
2 0.5<k<0.6 i, 85 & AR E 55
WS, 24 0.6<k<0.7 I, 650k AL R
THE R .

25 LRTIR, AR EERH )7 R E o X TR /s
LA R E e B A — I . T br TR,

0.222
L O =
0218°F

0.216
0214 |
0212 |
0.210 |
0.208 |
0.206 |
0.204 L L . L L L !
01 02 03 04 05 06 07 038

BEMUREHL ) R M a
B 14 WATRGLS Z2EE b Bk R A

Fig.14 Bending thickness curves under different o

h /H




4208 = +

R 2018 4

hy/H

01 02 03 04 05 06 07 08
HE R BH 77 2 e
B 15 WA IR EEE h B RRE
Fig.15 Punch-shearing thickness curves
under different o

hy /H

01 02 03 04 05 06 07 08
BEMEERE ) 2 ¥ o

B 16 WRTRGIBVIREERE h B RRE

Fig.16 Shearing thickness curves under different «

AR TR 75 1« R 25 1 1 S5 Ik B R o TR
Bk HUAE: AR TINCE BIRES BT, #aitS
R AR, B )] R o ATH 0.5~0.8,
k THL 0.6~0.7; A ETRAE ZERERNKE,
PSS R R, B R a T
0.1~0.5, kI 0.5~0.6.

6 44 1w

(1) ARSI 5 VA TR R 52 bz 115 0L, 5
T REAR AR BN ik B EEBEL T B, 2
PEWEAR BEO FORE BLAE T, BRI AS 2 T A ity TR
R ERIEA.

() BEESH RN, AR, &
5 LG TS 22 4 R PE IR IR 2 T TR & 17
AT U) R R E IR TR A B
JEIS, TR YI . BIUIRT R I A )R RN, Bl
RIELCIR N, P 24 )R B 2 a3 ad 1 ;
AT & BHL 77 2 20 o %o THUAR 22 4 J5 i () ik o8 LA —
SERN, 5 RGBT, o AT 0.5~0.8, & ATHL
0.6~0.7; IREER 2R, o ATHL 0.1~0.5, &k ATHL 0.5~
0.6,

(3D AR SONT 25 375 DX Ak g TOUAR VSR AL AT T 2

i, A, RS, HFEeTRER
BINER] T A SCOTERI AT YR, R OR v DO S TR
ZAEBREMBIHRHES%.

2 % 3L W

(1] &I, S5, MISEE, 4. AV MoRE XMt 2

BEsi 4 J 22 42 JRFERF FL[0). 5 E 0%, 2004, 25(1): 64
—68.
ZHAO Ming-hua, CAO Wen-gui, HE Peng-xiang, et al.
Study on safe thickness of rock mass at end of bridge
foundations pile in karst and worked-out mine area[J].
Rock and Soil Mechanics, 2004, 25(1): 64—68.

21 BB, TREE WA, S5 AT DXOBESR T ARV IR TIR

FREPEA T FCT]. A ASERHE, 2009, 26(9): 13—
16.
ZHAO Ming-hua, ZHANG Rui, HU Bo-xue, et al.
Analysis of stability of cave roof under pile tip in karst
area[J]. Journal of Highway and Transportation
Research and Development, 2009, 26(9): 13—16.

(3] &I, WIS, MIMSEE, . AU MOR T XM 2

Wisis B2 BRI, &1 1%, 2004, 24(1): 64
—68.
ZHAO Ming-hua, CAO Wen-gui, HE Peng-xiang, et al.
Study on safe thickness of rock mass at end of bridge
foundation’s pile in karst and worked-out mine area[J].
Rock and Soil Mechanics, 2004, 24(1): 64—68.

[4] EERK, REE, BOCEE, S APRRAEIEATE R IR 0

WRFSEVERTFE[T]. A A 1505 TR, 2013, 3208 T
2):3655—3662.
WANG Hua-bin, LIU Zhi-feng, ZHAO Wen-feng, et al.
Research on stability of cave roof under pile loading in
bridge construction engineering[J]. Chinese Journal of
Rock Mechanics and Engineering, 2013, 32(Supp.2):
3655—3662.

[51 BAEAME, SEph, BOCB AV XA AR LR AR

AR THUAR 22 4 B RE BRIE L], A TR AR, 2007,
29(11): 1618—1621.
ZHAO Ming-hua, JIANG Chong, CAO Wen-gui. Study
on bearing capacity of rock-socked piles and safe
thickness of cave roofs in karst region[J]. Chinese
Journal of Geotechnical Engineering, 2007, 29(11):
1618—1621.

[6] T8, BRRKEE, S, BT MR s 2 b
ST A TS TR, 2014, 33(3): 631—638.
LEI Yong, CHEN Qiu-nan, MA Bin-hui. Punching

analysis of rock at pile tip base on limit analysis[J].



FH11H

ARG 2 R SL M itk B O BELIK 5 ¥ X TR % 22 )R FE i 5

4209

[7]

(8]

[10]

(11]

[12]

Chinese Journal of Rock Mechanics and Engineering,
2014, 33(3): 631—638.

Xk, SR, AN, S5 EVE X R R B
FE[]. R TR 22 RE AR AR), 2002, 33(4):
339—343.

LIU Tie-xiong, PENG Zhen-bin, AN Wei-gang, et al.
Simulated research of pile foundation character in the
karst area[J]. Journal of Central South University
(Science and Technology), 2002, 33(4): 339—343.
KR, SR, S TS IR 7T ] R0 LA
(A& A8 TA2), 2002, 6: 1—4.

LIU Tie-xiong, PENG Zhen-bin. Study of simulation test
of roof in the karst area[J]. Exploration Engineering
(Drilling & Tunneling), 2002, 6: 1 —4.

HRBRME. T TIORCS BE AR P LA 23 - 55 Bt 1
JE[D]. K¥b: HRIKE, 2003: 81—95.

LIU Tie-xiong. The mechanism analysis and the study
simulation test for roof and pile in the karst area[D].
Changsha: Central South University, 2003: 81 —95.
FRER, TR, B, S CEE Xk AR AT
FEHHTI]. AR TIEER, 2013, 46(1): 92—103.

ZHANG Hui-le, ZHANG Zhi-hao, WANG Shu-hong, et al.

Experimental study and analysis on rock- socketed pile in
karst area[J]. China Civil Engineering Journal, 2013,
46(1): 92—103.

HKRER, S GRS, S5 AT KA MR R
M PR F R L [0]. A %%, 2013, 34(1): 92— 100.
ZHANG Hui-le, MA Lin, ZHANG Zhi-hao, 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.

A, KEUR, S, 55 AT KA BRSO K
5 TRE®REI]. BA %5 TS, 2013, 3234
T12): 4130—4138.

FEFE40200T

[13]

[16]

TR, AN, RAEN, 4. ISR A BR RS E I 37
ST #E1%, 2012, 33(2): 628 —634.

WANG Bo, HE Chuan, WU De-xing, et al. Inverse
analysis of in-situ stress field of Cangling super-long
highway tunnel[J]. Rock and Seil Mechanics, 2012,
33(2): 628—634.

skarte, PR, FERERT. Wik SRS A A BTN )
B BRI T]. AT R AR Bedl, 2000, 17(2): 34—
36.

ZHANG Qi-hua, ZHONG Zuo-wu, GONG Bi-xin.

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[17]

ZHANG Zhi-hao, ZHANG Hui-le, MA Ling, et al.
Discussion on failure mode and engineering design of
rock-socketed pile in karst area[J]. Chinese Journal of
Rock Mechanics and Engineering, 2013, 32(Supp.2):
4130—4138.

JIANG CHONG LIU LANG WU JUNPING. A new
method determining safe thickness of karst cave roof
under pile tip[J]. Journal of Central South University,
2014, 21(3): 1190—1196.

WXE. A BRI ) 58 28R WTTE(D). &
PR # PR, 2006: 112—120.

XIE Shuang-quan. Research on relationship between
shaft resistance of rock-socketed pile and behavior of
around rock[D]. Chongging: Chongqing University, 2006:
112—120.

e, LR, A B R R BB L) AT
FEEAR, 1994, 16(4): 32—39.

LIANG lJin-yu, SHI Pei-dong. Study of vertical bearing
capacity of socketed piles[J]. Chinese Journal of
Geotechnical Engineering, 1994, 16(4): 32—39.
SERRANOA, OLALLA C. Shaft resistance of a pile
embedded in rock[J]. International Journal of Rock
Mechanics and Mining Sciences, 2004, 41(1): 21—35.
RN, VDI, g RTEREE AR, 1993,
WU Jia-long. Mechanics of elasticityfM]. Shanghai:
Tongji University Press, 1993.

XER. BRI ML B PR 2 R, 2002
LIU You-rong. Rock mechanicsfM]. Wuhan: China
University of Geosciences Press, 2002.

M EAFZRT ML JEET S E KR )

HRRAL, 1991
YE Jin-han. Rock mechanics parameters of the
manual[M]. Beijing: China Hydraulic and Electric

Engineering Press, 1991.

Method of generating pure shear stress by adding
boundary displacement and its application in back
analysis for geostress field[J]. Journal of Yangtze River
Scientific Research Institute, 2000, 17(2): 34—36.
Mt EEB. MRyaEBR Ve RR ). K
TEREEBEBER, 1994, 11(3): 27—30.

LU Jia-you, WANG Chang-ming. Study on back analysis
for stress of rock mass from information of rockbursts[J].
Journal of Yangtze River Scientific Research Institute,

1994, 11(3): 27—30.



