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Fig. 1 Hope geometry and treating method of hydrcsatic pressure acting on a typical dice ( block)
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Fig. 2 Forcesacting on a typical dice (block) for multiple diding failure mechanism
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20 (#2: m, kN/m, knm?, kNim® |
Xp yT

s# || -0.10 0.00 I h 0 (degree, tan@, radian) c tang
-1 7.84 3.92 7.95 0.00 | 1.23852}0.02162}0.022] 10 0.5
0 17.83 9.27 10.32 3.75 |14.75910.26345{0.258| 10 0.5
1 27.81 14.26 10.79 6.47 {22.2595! 0.4093 {0.389 10 0.5
2 37.80 19.25 11.29 7.37 |27.8822}0.52908} 0.487| 10 0.5
3 47.42 23.89 12.08 7.08 {37.1696}0.75821}0.649| 10 0.5
4 || 53.10 26.30 8.88 4.42 50.2644 | 1.20298}0.877| 10 0.5

59.55 26.30 @
s# w u Ep F k
-1 297.94 0.991831 -2.539815 1.361995] 0.52881 abs(Ep) I
0 |1020.221 0.886458 160.0203 0.875075 0.88325 2.53981} | 1262
1 |1381.994 00943524 381.3956 0.756479 -2.38475|
2 [1443411 095922 430.971 0.739769 1.60435' §abs(AE-)}
3 | 1107.446 0927645 320.3174 0.75501 -1.2267 1 2,7E-08]
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Fig. 3 Spreadsheet automated iterations and search for the critical dip surface for
the example in Fig. 7- 23and Table7- 1, 2, 3 o Chen Zhongyi et al. (1987) by Residual Thrust Method
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Tab. 1 Calculated results o residual thrugs using the different depreciation method
Pi
Fs=1 Fs=1.05 Fs=1.15 Fs=1.25 Fs=1.25/ Fg Fe=125"
-1 1. 552 - 354 - 341 - 317 - 298 - 66 - 298
0 1. 093 - 900 - 857 - 644 - 370 406 - 900
1 0. 764 -2m - 120 159 397 1368 - 278
2 0. 628 515 626 820 985 1778 515
3 0. 549 718 772 867 947 1365 718
4 0. 556 186 198 217 233 316 187
*
sa |—o—[5,=1
2000 ¥ —0—F,=1.05 ]
1500 FoiG —a—Fa=1.15 Fsa=125 Fs.i
T A x —x—Fa=126
o« 1000 Ffox. \ & —x—Fa=1.25/F =1.25
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Fig. 4 The reationship between residual thrusts and sfety
factor s obtained by the different depreciation method
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Tab. 2 Senstivity analysisfor the directions o applied
earthquake forces in previous example
A ( degree) Fs 09 ; Fg 009\ g\ Fgdm;
0 1.3167 1.0000 1.3167  0.0000  0.0000
' 10 1.3193 0.9848 1.2092 0.1736  0.2291
, 20 1.3282 0.9397 1.2481 0.3420  0.4543
“ " 30 1.343  0.8660 1.1636  0.5000  0.6718
40 1.3656  0.7660 1.0461  0.6428  0.8778
' 50 13940 0.6428 0.8%1 0.7660  1.0679
, 60 1.4288  0.5000 0.7144 0.8660  1.2373
1 70 1.4693 0.3420 0.5025  0.9397  1.3807
80 1.5150  0.1736  0.2631  0.9848  1.4920
3 ' ) 1.5648  0.0000 0.0000 1.0000  1.5648
3 , 100 16171 -0.1736 -0.2808 0.9848  1.5926
, 110 1.6703 - 0.3420 - 0.5713  0.9397  1.5695
120 1.7220 - 0.5000 - 0.8610  0.8660  1.4913
- ’ 130 1.7698 - 0.6428 - 1.1376  0.7660  1.3558
140 1.8114 -0.7660 - 1.3876  0.6428 11643
5 2 F. 150 1.8443 - 0.8660 - 1.5972  0.5000  0.9222
N 2 160 1.8669 - 0.9397 - 1.7543 0.3420  0.6385
" ' 170 1.8780 - 0.9848 - 1.8494 0.1736  0.3261
, 180 1.8771 -1.0000 -1.8771  0.0000  0.0000
190 1.8647 -0.9848 - 1.8364 - 0.1736 - 0.3238
200 1.8419 -0.9397 -1.7308 - 0.3420 - 0.6300
Al A, A N
210 1.8102 - 0.8660 - 1.5677 - 0.5000 - 0.9051
, fi 220 1.7717 -0.7660 - 1.3572 - 0.6428 - 1.1388
230 1.7282 -0.6428 - 1.1109 - 0.7660 - 1.3239
— ' 240 1.6818 - 0.5000 - 0.8409 - 0.8660 - 14565
A op = [cos(fA) ,sn(fA)] i=12, N 250 1.6342 - 0.3420 - 0.5589 - 0.9397 - 1.5357
(15) 260 1.5869 - 0.1736 - 0.2756 - 0.9848 - 1.5628
80 20 100 270 15413  0.0000 0.0000 -1.0000 - 15413
60 12 1w 280 1.4982  0.1736  0.2602 - 0.9848 - 1.4755
50 130 290 1.4586  0.3420  0.4989 - 0.9397 - 1.3706
4 140 300 1.4230  0.5000 0.7115 - 0.8660 - 1.2324
30 150 310 13920 0.6428 0.8%48 - 0.7660 - 1.0664
20 160 320 1.3660 0.7660  1.0464 - 0.6428 - 0.8780
10 170 330 1.3451  0.8660 1.1649 - 0.5000 - 0.6726
0 50 340 1.3298  0.9397 1.249 - 0.3420 - 0.4548
350 1.3203  0.9848  1.3002 - 0.1736 - 0.2293
350 190 360 1.3167 1.0000 1.3167 0.0000  0.0000
340 200 58.0128 - 3.7017 0.2336
330 210
320 220 -
310 230 N Xo op, Oop:,
300 240 I
20735 g0 250 , Opy ,
270 N
i . S ¢ = ﬁizfioos)\. (16)
Fig. 5 Calculated variation in factors of sfety S
. o . s —_Zfisn\. (17)
with the direction of applied earthquake N,
force in the same example R = m (18)
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C =-0.06548,5s =- 0.6021,R = 0.6056,
S ) 00S Xo = 0.1080,5Nn x, = 0.9941,
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Fig. 6 \Variation o factors o sfety with
groundwater table in the same example
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Sope dability analysis using residual thrust method

WANGJianfeng , WILSON H. Tang , QUI Zhengquan’
(1. Divison of Engneering Sciences, Inditute of Mechanics, Chinese Academy of Sdiences, Bdjing 100080, China;
2. Department of Qvil Engneering, The Hong Kong Universty of Science and Techrology , Hong Kong, China;
3. Bureau of Geotechnique of Changiang Water Resources, Wuhan 430010, China)

Abgract : A 2-D rigid-body limit equilibrium analys's, named asthe Residuai Thrust Meihed {RTM) |, of rock blockswith
two-dimengond multiple plane diding mechaniam is carried out in the picsert paper conddering the water pressure, the
earthquake load , and the reirforcement force gpplied on the dape. Precical greadseet techniques, from which the essenr
tia details enclosed in the RTM method can he szen out clearly , ara s up for the determinigic dope dability anadyss,
based on the RTM method. Thefactor o sty and the resdua thrugt are solved autometically which never requires specia
conmputer programs  Sengifvity analyses for the directions of goplied earthquake force , for water pressure, and for anchor
bolt ande are presentéd!. me val uable resultsfrom the sendtivity analyses , which can be used as a guide for the reirforce
ment of such dope as awlole, are found. A search for the determinidic critica dip surface is autometicaly realized that
acoormpanied by the anply conception , ease of inplementation routine usng SOLV ER optimization tool exiged in Microsoft
Excel greadsheet sftware. The legble formula and the practica flexibility of the presented method in redization are
dresxed for dte or field engineers.

Key words: dope dahility; resdud thrug method ; landdide thrug ; critica dip surface; greadsheet.



