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Stability Analysis of Rock Slope with Consideration
of Freezing-Thawing Depth
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Rock slope ncar the road or railroad is affected by the outside temperature and iterative
freezing-thawing process during winter and early spring. The purpose of this study is to analyze the
stability of rock slope which is influenced by deterioration due to the freezing-thawing. Method of
analysis is homogenization method which find the strength property of discontinuous rock mass and as
a strength failure criterion, Drucker-Prager failure criterion is used. The deterioration property of real
rock is obtained by a freezing-thawing laboratory test of tuff and this quantisative property is used as
a basic data of stability analysis of rock mass. To evaluate the deteroration depth due to the
freezing~thawing in the field rock slope, one dimensional heat conductivity equation is used and as a
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a result we can find the depth of which is affected by a temperature. After determined the

freezing-thawing depth of model slope, the pattern of rock mass strength value of model rock slope

which excess the limit of self-load is analyzed.

Key Words : freezing-thawing process, homogenization method, Drucker-Prager failure criterion, heat

conductivity equation
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Fig. 2. An example of discontinuity plane map
using the digital photograph (unitcell}.

ARE 7RG HFEE oS3t T3] 2
3 HERAAlT 2 FEEAS T iRde

TE JelA o S g3 yrFEe =eA-
£ 71%(Drucker-Prager's criteria)& A28}

15

Pele) QA

s Aol ) AT

L

Jor Vv e H\(Y)
714, 1, F ) 7
E, () obutat

A1) 73
wAAs B & Fech

EL{xy)

N oy (x,y)

_H[E””(x’y) Eulod) 5 > S

Q714 T slel Balmel oue 2dsmol
EgE gike] g dAE AT g ghel dlgs
o o 4% BRATUE e SAUE 7
ghar olgte 4 (39 =eA-ZYA 7% (Drucker
-Praker’s criterion)e} A-g%o] fvte] AA1H g
Arigow #Hggich

f(a,?)=aaﬂ+ -K=0 3
1
Ji=—s,8,
2
A7|A, oy 7| REHTRY BEsE SEEE,
a: AEFP
K g4e) nias,
Jo ot Hag e Azua,
s§ 1 AAEES Ushdd
H@)e #A7EE olBste] s1RAS TR
E f4elX HFFEE AL FdAA do=A
& dA o WA Hd WE g2 7o ¢



ul jg.
¢8 WEL TRd¥e AdAsta ANHSEAEH 7|=Ci|Px ol MEn}
g ool uisid LEAE e FEE oI EASHAIH
Fggn ol AT WAL ter o] gk
% 9t} B AT taoz s e sh4gtolo
(a'Aala+ (o {a=1 @) AW gHLged oA dAF IXI0MPas 42
N @AA oAREAs 8 [A] (e oo SHEE SEEAT 01w s
Arxavos Tay th RO RN S BEE e BRE( o
Ueoz AlH 23 o= 2L Zahax < AEE dSYSAE 0.8 ol &5 A (Bic A
HAE olgd). 5, gHgaygARIL sppe ¢ AEEAn
A = #EeEE zetA 99 A8 290 o= tan¢(1 —sin¢) 6)
e w0k e EAe A sl Zsing
Folg} Byl ZAr AMWES Jo me 7} o] 4zt o] ewbe] x7) A=AaE Table 13
4 SEASE Pohe $ue F@sFeayge) BT B LS RIS ARATo g€
2+ gk Grersen D. E., 1977). 0.1MPa, Eobgwlzh 00024 off Frafg 5
B dFe N @4 "HE Awe Hear g 2 DAY dFom mddsigic
ge e 93 who] FAgeviy sHAsla b
o] 7Egke] Aste] W walae pach oyke Table 1. Input data of rock specimen.
A Gol distelz dAUAA=YAAY Young's | Poisson's | . | Friction
#AE Agstel gold FRHY o R wisiy modulus | ratio °eS0N 1 Angle
T Aol dAs] dHsris g Data 30 0.1 41%107% | 356
Ao Wal, & SFEAg el WEEe A4 Unit MPa - MPa ("
grA=2 ﬂ%tﬁt}. olAE He uehid thg
* dn bye FAgATL] P wsnye A
s=max{p| [N (ol +{o% +{c"}) - 27) o9 A W S4e) WHE AL
{Ry<10),[B1 (o7} = (0}) gy 1% M et chae gulels dwol o

st Tk A¥HAAYE IEEHUTBack Y. &
Kyova T, 1999 m#rEEX 7, 20000 T2 %39
At Z(1d T2l g B4 ¥Ee s
AN FE Fidste] A& Table 2).

q71A [M2 ola=del Hate WY @
AHANE S Y28 PF(mariveld, [Kle ¢

doid ARwrz e AW gy B L%
ek ¥ A ate] [Ble fdasgoez #2

PR A9 gaEe wgugadeld. (o9e 2 ;"1 10 ex( - w) @
2479 BASHARE G WEgels (0% o4, B Eo= $2gdARe 4 Aol
v 27 gA4E, R0 (o)e wRgEqRs  ARST /uvel 98 ¢ 27 G agss,
Ha wEgeld 0 = SARANANN FAA $IEN 2

4 Geld 78 HEA% o= AF T Y s FABL JepAS, o/F ANE o &ae] ok
=Sl A AR BEE BAsE bl e WE o) shd ¥RRAE duvhs 27 el #s
A AgHE Aswd Ael TS Ak 1%6}&4 el AFRUAE W FEGe

o @ael e we

*
L @ el ¥t BESE A2 Aman

16



o

THGH AEE TeE kAl A ¢l

o)

LY AT

o

Table 2. Input data of numerical analysis using the result of freezing and thawing cycle (1 is the
part of matrix and 2 is the part of discontinuity plana}.

No. cycle EGED E(N:pa} Poisson's ratio Coh;asion ;rr:s:f;
1 2 1 2 1 2
0 1.0 30.00 0.1 0.0 A1%10% | 33x10" | 366 | 563
1 06729 2018 0.1 0.0 28%10% | 33%10" | 3B6 | 563
2 0.4583 1376 0.1 0.0 17x107% | 33x10™" | 356 | 56.3
3 0.3128 938 0.1 0.0 11x10% | 33%107" | 356 | 63
4 0.2133 6.39 0.1 00 | 68x107 | 33x10" | 356 | 563
5 0.1454 4.36 0.1 0.0 42x107 | 33x10" | 306 | 263
6 0.0992 297 0.1 00 | 26x107 | 330" | HE | 563
7 0.0676 202 0.1 0.0 16%107 | 33x10" | 386 | 563
8 0.0461 1.33 0.1 0.0 10x10™ | 33x10" | 356 | 363
9 0.0314 0.94 0.1 0.0 6010 | 33x10™" | 356 | 563
10 0.0214 064 0.1 0.0 30x107 | 33x107 | 3B6 | 563
11 0.0146 0.43 0.1 0.0 26%107 | 33x10" | 3B6H | 563
12 0.0100 0.29 0.1 0.0 14>10° | 33x10" | 3B6 | 563
13 0.0068 0.20 0.1 00 | 09x10" | 33x10" | 36 | 563
14 0.0046 0.13 0.1 00 | 05%10* | 33x10" | 356 | 963
15 0.0032 0.09 0.1 0.0 03x107 | 33x107 | 366 | 563
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Fig. 8. The finite element model
considering the effect of temperature.
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