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Abstract  Soluble carbonate rocks in karst or karst phenomena is a natural geological phenomenon. In South
Southwest of China, the geological conditions of terrain are complex, and distribution of karst terrain is widely ob-
served. It is difficulty to build highway road in these areas. The mode is approximately simplified by structural me-
chanics to quantitatively calculate the stability of the highway embankment in karst areas. It gives the relationship of
stability between cave roof, span, and cover depth. It is a certain model. It has some reference value for stability
analysis and evaluation of highway embankment in the future.
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Fig. 1 Roadbed cave simplified model calculation

of structural mechanics
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K, o, AEHT M S8 B HHIN g (kPa) 5 p
RIYAT ARG HE (KN -m™) 5 B A BEIETEE (m) 5 m

X o M SE) 2 BB s 0 2 0y M)

SLRAIEEES 3 K, i A TR 32 68 B4 A i 28 P
P18 5 ri RIS 3 53 A1 2R K

RS AT AL AL B R R = A B o S PR B ]
AU FE TR — TR K L Rk A 2k B A 1

ML) o, BCKBEE X =2, Bl = 0.5, fRASY

(3)1%:

o, = L(Zarctan L + 4n

i) =K @

B AT AE AR LA T8 B 0 E R R

K, Z—{5MEA X R TRAEMH TR

EHIRTE ¢ FTAFR N -

q' =K,q +vh, +vyh, (5)

X, ¢ MEATF I B (KN - m™) 5 K, N

SRV TR 32 % B 34 47 g AR FH A 1) 88 1) B fan 1z g 43

1 250G q MIREME (KN -m ™) 5y, NEH)ZAE

(kN - m™); h, WEEZEE(m); y, M
HHE (KN - m™) 5 h, NTHCEARIEE (m) .

AR i TR B A R AR A AR s, LB AT o R

bh,
T LR Y =, 3T %4 T (o] =50k,

h
TR o = 575 BABGR(2) SIRA(D) 3T

50y,
1+ /1 +

ZRF(K/q + ‘)’shs>
50y,

h, =

RL’

R(‘
lsh’\/lo(lfzq+7shs +7v.h,) (67
TR ARA TS E AR BTHSR EE R, 1R 4%
q, EWEREEy, , TREERAEE v, AT B {4,
I A R B G Z R by =1 ~30m N4, BEILBA
T AL h, =1 ~25m NASAE , B EE B TRV BE 42
JrmEsREE L =1 ~50m AR fk, A AR $ 2K (6) 1153
WA DTS 5T hy, ~ h, ~ LARMEE TR
2.1.2 TR M A FAEA A
TEA TR TR 5 2 L e B s B OR (R 5
JEARZE IS, OIS, BT U)A& F 250 R R % B8y
VIS0 27 1 R S50 T 22 4 Je /N TR S B2 ()
SRR KRR () » HitEaER (K1) 58
WARIER AT KGR PR«
(K,q + v,h, +'y,hr)lb=2(l+b)hr7'f (7)
K, 7, VR A AR S 38 B2 (kPa) o
WG R 12 A - e IR U A
T, = otang + ¢ (8)
K, o HERTH O LA 7] (kPa) 5 @ K
THCE R N EEHE A (°)5 ¢ A TIHRCEERN RS
(kPa)
HRAE S AR KSR TR, B 50 7 FIAS 16 1
S I 7 T LA 3

o :A(K/q + F)/shs + ‘)/rhr) (9)
Hodr, X S RIRN T HUE R B, AT Fm H
A= (10)
I -p

[P, w WEIER L
PArs(7) ~ (10) A%
2(L +b)[Manp(K,q + y,h,) +c] = bly,

- 4(1 + b) Ay, tang

\/1+ 8lbAy, (I + b)tanp(K,q +v,h,) ~

{2(1+b) [ Atanp(K,q+y.h,) + c] = bly, |’
2bh,[ Atangp(K,q + y.h, +y,h,) + c]
T (b - 2hatang) (K,q + y.h, +y,h,) - 2h.c
(L#b)
4h, [A(K,q + y.h, +y,h, )tang + c]
|l =
K,q +vyh, +vh,

hr

X

(I=b)

(11)



20(6) $hird . BIESEA R TR T AT

1081

LA ACATUCA A DT 58 BE R, V41 2K
q, BRI AE y,, WHCE R y, , Bl B, T
BCAR R T o TIBCA TR NEEE S @, A RIARA H p
{5, R AR B R RE b, =1 ~30m NAZ L, Bk
B DR h, =1 ~25m NZEAL, LB IR Iy
FEATT MBS L =1 ~50m NAAL, AT RIARHESC(11)
R ARG RN by ~ b, ~ LAREA S
o

BB BT T 4 AN B, SME
ol R RIS E S AV iR N VAR = N = N
PR (181 3) o i i, 4557 pA i 7 | TO0 30 J52 2 A i
JE XTI ARG SE PEA B B2, AR R 4 i 7K 32 ) e
R A 28dme /N , PRI P 0 o 077 96 3 50 1 TR A A2 7
P FER AR ST 1, T AT Y

E [=}
COL

B -2l

S

2 ? o R

A3 KR4

B3 AR
Fig. 3 Test model

2.2 BERABMETERE

ARFEADIHE 2 B 1 24 % 16, AR W ] 119 R R
/N I BESEZ IS E , e T ) F) TR s TR ) 1
AR (— 2485 <0, 5 I FHPTAS B, 2415 1
=0.5 I FHPTBTARL) | P2 i) B S DT 25 el oY
FMET by ~ h, ~ UARHER T3, PIBHA TR AT E T
A h, NTRAGEN RN RIRESR L RTHRB S
SE MR 2 BE W P AR E , 7E A 28 1) £
IR 5 R e 9 M BB, A R AR
JE R FHB F5 BB R 5 55 IR SR 4R R B )=
AILERTERE , 45 B 255, R AR SER B i TR B
MR, AL IR ] SR IO 5 14 75 XS e (H2
FEAL BRI % , SRR T3 T /KBS

3 TR

IR AR A IR R, LA

K51+400-K52+200, 4= 800m [ — B P FL B A7
GIMT o AR BT S BORE, X TR YT S I 2l
b, IR E VT, EEEA RITTING A . It
PEEEEMEN ERE TR

(1) Tt 4 - 4 JR 0, B8, M, 220 0 3G
et S D VFRIIAR R B Ak

(2) HE R R A - 40 R0, SO I 9, 1
AL IREEAT  BEATRIAR S ~8emy;

(3) Bytib: 48 B €0, RS %25, ML AN TR B 1k 1, B
TE BN L 20% , VA, REARZY 2em, Sl
Scem;

(4) WO K s 75 KA, B3 A B2 A, )RR
AR, BTSSR R BB R T , a2 IR K
FEATAR , HR A W8 T T, L5 it A 200 MK o

LW RIS A B R A TR . RIEIEL
PRI BT BORE I B T 90 B2 K 34. Sm, 2858
T N T 30m A B LR 1Y A R R S
TR B T A OB L2 2.

F 1 K51+400-K52+200 B iRA%it 5%
Table 1 K51+400K-52+200 section cave statistics

W g PR DBUE WEE N

g VUMY g e BE/Mm RS
K51+475.9 2.2 4.2 6.3 1.1 5.1 1
K51+520 4.4 4.5 6.8 3.9 10. 4 2
K51+603.6 3.1 9.5 14.3 2.1 16.0 3
K51+640 3.7 4.0 6.0 2.8 16.0 4
K51+674.7 1.8 4.0 6.0 1.4 25.4 5
K51+732.5 4.6 4.2 6.3 2.4 19.6 6

K2 EFXUHSHRERNE

Table 2 Rock and soil parameters and load value

R, 40MPa p 780kN-m™® 7y, 18kPa-m™ 7y, 25kPa-m>

C 350kPa ¢ 35° " 0.2 B 34.5m

W o] BUR, 1/15,

PR 3 R A e A B R T B, Rt A 25 4
PRI AT IR, O 2 Fh 00 o0 A

Tt — « 2 T e 3 a7 A R) g v fr 2 L) P
=780KN + m ™ i1, HL TUAR (19 I 5 J5E B 43 510 24 1. Om,
1.2m2.9m. 1. Im. 1. 2m 1. 2m;

LA TR, LA p = O FFi, H TR 4 1k 5
B 458 0.5m.0. 7m . 2. 2m 0. 8m 1. 0m . 0. 9m
(#£3),

HIZe 3 AL, T, W p = 0 i}, 6 i



Journal of Engineering Geology ~ILA2¥uJR 54k 2012

1082
£3 1~6 SHAMERIGEREE
Table 3  The critical thickness of karst cave roof of 1 ~6
VI 9 5 1 2 3 4 5 6
Il FL MR P=780kN-m=> 1.0 1.2 2.9 1.1 1.2 1.2
J5EBE/m p=0 0.5 0.7 22 0.8 10 0.9

TR S PR TR R/ m .1 39 21 28 1.4 24

T, Bk 3 5P L SEBRA R EASE , At S A~ il S T
BRFEAR LS PR /N, AE R RIOIRZS T % 40 TAE
Tt THAALZ B, 3 S I AR LSRR 0. 8m
Feda , W AR TE Tt T IUIAR 5y A A B B <Rl , 5 2836
By HAl S ANV AR L SEPR RGN, Lt T ) 2 2
2 HR TSR, AU HESERRR 0. Tm, £E7iE T
iRy N ca R L

4 4 ik

(1) ARSI AL TP 254 T 22 T (BT R 1R 1
T — BN TR B 52 B8 1) 1R %) TR
1, TR ™ B, SRR A 7, T A ¥ ] LA L
AL AT 50 HT

(2) BRI T7 1R TR 454 g 2 R A Y 114
— ik B RS BR  ER  JST RO RS2 1
PR TR A IR 80 B8 USSR Y

(3) BRIk AR R R R rp, BB 1B S
AN LR, 3508 1) FESEL OO , 6 T K 2 TR
T K- RS P

(4) TR AR PURSREE R, G AR N 3R
J1e, NEESES @, o B4 a8 NIRIR IS 21, 7 1 8 5
JEIRJE TR MU R /NS T 2 28 PRAN R A
REAS 2, T LATEE T v 3 58 22 117 5 A 2 1 480
A IR A T S

(5) % ¥ M DO 7 19 6 AR AR AR AN m] LA
LRSS TR O F B A G, AR B R T
i, BAR TR R R, R BUR & B, S 22 TF I 7 &%
A3t o

£ £ x #

(1] skmazy, WEA, % REAEBFEAT SR T]. o E i FT K
E 5Bk, 2007,18(35) ; 126 ~130.
Zhang Lifen, Zeng Xiasheng, et al. Research progress of Chinese
karst collapse. Journal of Chinese Geological Hazard and Control.
2007,18(35) : 126 ~130.

[2] Mario Mejia-Navarrol and Luis. Natural hazard and risk assessment
using decision support systems, application; Glewood Springs,

Colorado. Environmental &Engineering Geoscience, 1996, 1I :

[10]

[12]

[13]

[14]

299 ~324.
Varnum Nick C. Geographical information system to assess natural
hazards in the east central Sierrs Nevada. Journal of Imaging Tech-
nology, 1991, 17, 57 ~61.
Arnon Karnieli. Stepwise overlay approach for utilizing a GIS with
a soil moistrure accounting model. ITC Journal, 1991, 1 ~18.
WAL, BN BT RIS BUIR R S 5 M SR
Jrd[1]. hEH TR E S BA R, 1998,9(5) - 1 ~6.
Lei Mingtang, Jiang Xiaozhen. Research status, development
trend and its supporting technology and methods of Karst collapse.
Journal of Chinese Geological Hazard and Control. 1998 ,9 (5) .
1 ~6.
R, B, W, E AW XA B I 5 SRk
[M]. Jbmt: AR ASE Hi ik, 2008.
Kang Hourong, Luo Qiang, Ling Jianming, et al. Theory and Prac-
tice of Highway Construction in Karst Area. Beijing: China Com-
munications Press, 2008.
W PRI, BRDE, ERE. R 7 R T A R 5 TR A2 58 1 VT
#r[J]. £ TG, 2004,18(5) : 55 ~58.
Meng Qingshan, Chen Yong, Wang Ren. Stability evaluation of
engineering geology condition and karst cave roof. Soil Engineering
and Foundation. 2004 ,18(5) : 55 ~58.
RAEIE , BURAF, AR, R IR R L 2R A ()], T
W #EST, 2009,39 . 800 ~ 803.
Zhao Ruifeng, Zhao Yueping, Wang Henglin, et al. Estimation of
cave roof safety thickness. Industrial Building. 2009,39; 800 ~ 803.
WREAM, PR, T o i o T TOUAR 22 4 )5 2 5 T 1
[J]. AT HE, 2009,34(3): 6 ~10.
Chen Yonghong, Chen Zhi. Expressway Subgrade karst roof safety
thickness determination. Highway Engineering. 2009,34(3): 6 ~
10.
INTTUI, J7 0, ok 8. PR 2 (AR [ M. Jbst . &
YR AL, 2002.
Sun Fangxun, Fang Xiaoshu, Guan Laitai. Materials Mechanics.
Beijing: Higher Education Press. 2002.
KB, IPELE. SRl TR [ M. BB o 3t Bk 2 AR
41, 2005.
Liu Changhui, Shi Honglian. Foundation Engineering. Wuhan
China University of Geosciences Press. 2005.
BROPIE, J B A, FHEEE. 0y M. JUaT AR R R
Kk, 1994.
Chen Zhongyi, Zhou Xingxing, Wang Hongjin. Soil Mechanics.
Beijing: Tsinghua University Press. 1994.
XHR, BRI S5y [ M L o 3 R 4 i
1999.
Liu Yourong, Tang Huiming. Rock Mass Mechanics. Wuhan:
China University of Geosciences Press. 1999.
BERE, AT RSB ERGENITM [T, Gk 1%,
BRI, P E LSRR, 2005,24(1) 289 ~93.
Li Yun'an, Yu Zitao. Evaluation of Yue Guang high speed Karst
stability. Journal of Rock Mass Engineering. 2005,24 (1)
89 ~93.



