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Estimation of Internal Friction Angle by
the Back Analysis on Collapsed Rock Slope

ojgd @' -3 % F”
Lee, Dal Won - Kim, Kap Jung

Abstract

In this study, the back analysis was performed by means of stereo-net, plane failure and block failure
method to collapsed fields among the rock slopes designed by standardized criterion, and the internal frictions
from the back analysis were compared with those used to reinforcement design.

It was concluded that in the result of the analysis by means of stereo net, plain failure and block failure
methods, the internal frictions used to re-design of collapsed slope underestimated 10°, 5° and 10° in
average.

At present, the internal friction on the design is used the experience value according to the state of
weathering, but internal friction angle by the back analysis on collapsed slope with various methods were
more reliable values than those from the present method. And it was concluded that re-design was made
extravagantly because the internal friction used to re-design for reinforcement of the collapsed slope was less
than back analysis.

Keywords : Collapsed rock slopes, Stereo-net method, Plane failure method, Block failure method, Back
analysis, Internal friction angle, Re-design
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Table 1 The shape and material properties of the analyzed slope

The shape of sl
Site No. of | Date of .e Siape of sope — Rock slope The class of
slope | fail-ure L?nmg)th H(erlg)ht (Sll)oe[z dl(rgceg()’“ parameters failure
Total 22 slope 5 sites
A Al 360 42 63 230 plane
A2 360 42 63 050 , plane
¢:6.0tf/m
- plane &
A3 2000, 5. 220 28 63 070 S40° wodge
7 123t/m’ plane &
Ad 123 29 63 250 ! wedge
plane &
A5 136 23 63 225 wedse
B Bl 140 9% 55 310 c:15te/m’ plane
2000, 8, $:30°
B2 300 48 55 315 7 12.3t/m’ plane
B3 200 57 55 309 ¢:30tf/m’ plane
2001, 8, $:35°
B4 256 45 63 309 7, 12.3tf/m’ plane
C cl 20 27 55 060 ¢:1.0tf/m’ plane &
2000, 6. $:25° ﬁi—’%———
. 3
c2 200 4 55 045 7, :2.3tf/m wedge
¢:1.0tf/m?
D D1 2001. 3. 220 30 50 270 $:29° plane
7, :2.0t/m’
E El 160 37 55 302 plane
E2 120 29 55 306 . plane
E3 120 30 55 302 Cilq-?tf/ m plane
1999, 3 :35° T olane &
.9 plane &
E4 200 33 55 315 7, 25tE/m wedse
E5 140 39 55 070 plane
E6 100 23 55 318 plane
E7 160 95 45 306 o 016/ plane
C.Z, m -
E8 80 66 45 308 oo plane
1998. 4. $:20 ——
E10 180 64 45 312 plane

Qo) A7) e YT il ARe E AMGS 99 FSEh wa, el sl
ol 23m~99m7tA] EE3T HF 45m ol 63°(1:05)¢ ZBAFE ©1$1 A2, B,C, DR E
FUtR Atold Ao Rt 55°(1:0.09 Az ATHL
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Table 2 Strike and Dip on slope of Al

No. Dip/Direction No. Dip/Direction
slope No. 63 / 230 discontinuity No. 6 65/ 218
discontinuity No.l H4 / 344 discontinuity No. 7 55 / 288
discontinuity No.2 45 / 188 discontinuity No. 8 57 / 252
discontinuity No.3 45 / 180 discontinuity No. 9 40 / 218
discontinuity No.4 80 / 270 discontinuity No.10 30 7 206
discontinuity No.5 45 / 180 discontinuity No.11 55/ 228
70
Rl 2 60
< o o
$ 50 . o8
¢ 12 wn
i £ 40 g ¥
Ca 2 30 | 20" :
Lo et 2
1 BE g 20 40
nias @
il x 10 0J : Mean value

Fig. 1 The result of stereo net analysis on slope of
Al
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Fig. 2 Comparison of parameters from stero net and
that used in re-design
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Table 3 Comparison of parameters from stereo net, plane failure, block failure back analysis and that used in

re-design
4 Internal Internal friction estimated by back analysis(Fs=1) * The
NOtjft on f:crttla(ir(li elélsgg Stereo Plane failure_ Block failure_ };ISOS;E gﬁitr}rllﬁincg
slope ea) net (zw/zc when Fs=1) (zw/zc when Fs=1) failure | internal
(Deg) 0% 50% | 100% 0% 50% 100% friction
Total 22 31.8 421 299 36.3 474 30.3 426 60.7 0.8
Al 40 45 29 37 53 30 49 67.5 0.867 A
A2 40 45 29 37 53 275 41 67 0.985 A
A3 40 53 19 26 42 18 28 49,5 1195 A
A4 40 42 21 28 43 195 325 50 1114 A
A5 40 55 11 16 31 125 225 39.5 1237 A
Bl 30 43 29 35 44 275 4 50 0.666 a]
B2 30 40 36 43 53 35.5 465 74 0.680 a]
B3 35 45 35 43 55 32 455 60.5 0.776 ]
B4 35 46 39 48 62 22 375 90 0.964 o
Cl 25 34 30 36 46 335 50 67 0.577 0
Cc2 25 31 29 M 43 315 56.5 81 0.627 o)
D1 29 45 31 39 52 30 44 70 0.744 s
El 35 37 34 40 49 36.5 475 59.5 0.684 A
E2 35 34 31 36 45 33 44 55 0.758 A
E3 35 42 38 44 24 39 47 64 0.706 A
E4 35 38 35 41 50 36.5 47 59.5 0.699 A
E5 35 40 37 43 23 385 445 62.5 0.740 A
E6 35 52 22 30 44 36 43 63 0.795 A
E7 20 37 33 38 45 32 395 52 0.554 A
E8 20 40 31 36 43 32 425 51 0.481 A
E9 20 41 29 34 41 32 42 51 0.484 A
E10 20 41 29 M 41 315 43 51 0477 A
% Test : O, Estimation by soil test : @, Estimation by experience @ A
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Table 4 The notation of parameters on tension crack

of slope Al
H(m) | ¢;(Deg)| ¢, (Deg)| Z.(m) | blm)
42 63 45 12.02 8.58
b=858
40.0 - .
T 320 ™
e
£ 2404 i
2 W
£ i
O 160 =
g
5]
80 -
0 —
T 0 60 120 188 240 300 360 420 48.0

Distance (m)

Fig. 3 The position of tension crack on slope of Al
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Safty factor : Fs

| 2w/ze= 50%
—— Zw/z5=100% !
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Internal friction : ¢ (Deg)

80 100

Fig. 4 The result from plane failure analysis in
slope Al
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Fig. 5 Comparison of parameters from plane failure
and that used in re-design(when Zc¢/Zw=50%)
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Fig. 6 Block failure on slope of Al (Zw/Zc=50%)
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