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The Origin and Mechanical behavior of Colluvial
Deposits at the LiShan area

Student : Chih-Jen Wang Advisor : Dr. Jyh Jong Liao

Institute of Civil Engineering

National Chiao Tung University
Abstract

The Lishan colluvial deposits are composed of fractured slate and its
weathered soils. The ground surface exhibits concave-convex relief which
were formed by erosion. Thus, the terrain and geology indicate that landslide
is easy to be triggered by rainfall or earthquake. The study aims to investigate
the origin of the colluvial deposits ‘and the:mechanical behavior of the deposits.
Hence, two borehole are drilled at the landslide area; one at zone 5 and the other
at zone 13. A series of physical property :tests and undrained triaxial
compression tests of colluvial cores are conducted.

The colluvial cores drilled from-the-shiding belt of the landslide zone 13
shows that sliding interfaces are composed of grey clay with 16% less of slate
detritus. Besides, a series test of liquid limit and plastic limit on the core
specimens are perfomed. The test results show that the deeper of sliding
interface is the more over-consolidation of the interface material. The results
of undrained triaxial compression tests show that the strength parameters of gery
clay with slate detritus C’ and @’ are about 0.3 kg/cm?and 20.6°, respectively.
The test results also show that the triaxial peak strength increase with the
increase of block content. Finally, the study integrates the site investigation
results of Huang(2006) and Tang(2007) and concludes that the Lishan
colluvial deposits may be formed by large-scale hillslope creep. The deeper

sliding belt at landslide zone 13 is also formed by a large-scale hillslope creep.

Key Word:colluvial deposits, Bimrock, Triaxial compression test, Hillslope
Creep
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22-1 P75 B4R B2 %R S B(Holtz&Willard » 1961)

Gravel Clayey matrix Sandy matrix
content(%)|®'(°) c'(psi) d'(°)  |c'(psi)
0 24.0 8.7 35.7 3.7
20 25.6 7.0 37.0 6.6
35 25.1 8.3
50 32.2 4.5 41.3 5.5
60 34.2 5.0 42.0 5.0
# 22 5%¥% k7 8V Fmeibd iR & F 4 (Vallejo » 2000)

Pb-rr

Test Sample composition Normal Porosity n; Percentage by weight of
No. stress (kPa) (%) sand in mixture, o, (%)
Sand (N) Clay (N)

I 3 542 37 100

2 3 102.1 36

3 3 150.0 35

4 3 I 4.2 3 15

5 3 I 102.1 30

b 3 I 150.0 25

7 2 L 542 36 40

8 2 3 102.1 35

9 2 3 1500 3

10 | i 54.2 4 25

1 I 3 102.1 39

12 I L 150.0 LY

13 0 3 4.2 56 0

14 0 i 102.1 48

15 0 3 1500 50
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Bl 2-10 #HRE AT E3 F 7 2T 227 (Montrasio » 1998)

i e/e
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J QIO

B 2-11 % @ =2 8 ~% 9~ 5 - B#H1 L Bl(Montrasio » 1998)
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0.8 +

Behavior governed by coarse inclusions

@ 0.6 -
0.4 4
0.2 - .
Behavior governed
0 by the matrix
0 0.2 04 " o8

p

Bl 2-12 R E e & # B 7 £ p 2 M T2 Bl(Montrasio » 1998)

¥ . =

|,
120 ® O,=542kPa
W o, =102.1 kPa
100 L =
A o, =150 kPa
—‘—u- 3
[+
= 8} -
_:u“ r
l_a
£ 60[ )
g, .\—./’///._—.\!
@D
3
I:"I:D Lo L -
-
S
Q- - —o— ® —o—@
20 =1
75 '10
0 L l 1 1 1 u)
100 89 60 ¢4|0 20 o *
0 20 40 60 80 100 °

Percentage by Weight of Sand (wg) and Clay (wg)

B 2-13 BEizen 94 55 5 200 bW
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Porosity of the Mixiure, n g,
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B 2-14 7 BB 3\ Z e 5 £ 4 2 (Vallejo > 2000)

CLAY PARTICLES

Diand
AN

—

%
N

Bl 2-15 & B b S0 T )B4t s % (Vallejo » 2000)
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Failure Strength, o, (MPa)

(A) (B) (C)

1‘I}l\i"'!: VVC
N
_ v
voids ve
1 * v
[«
Ve

v

B 2-16 427 #) % A4 32048 B8 ke 32 2 473 (Vallejo » 2000)
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Tangent Young's Moduus(MPa)

Cohesion{(MPa)
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C-B101 | Bl | 13.10-13.25 4 2 2 2
C-B102 | Bl | 13.40-13.55 5 2 3 3
C-B103 | Bl | 13.55-13.70 6 2 4 4
C-B104 | BI | 13.70-13.85 4 2 2 2
C-B105 | Bl | 13.85-14.00 3 2 1 1
C-B106 | Bl | 15.00-15.20 4 3 1 1
C-B107 | Bl | 24.55-24.70 3 2 1 1
C-B108 | BI | 24.70-24.85 4 2 2 2
C-B109 | Bl | 24.85-25.00 5 2 3 3
SG-B101 | BI | 18.80-19.00 | 0.5 25 2 2
SG-B102 | Bl | 14.55-14.70 5 2 3 3
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SG-B104 | BI | 17.55-17.70 4 2 2 2
SG-B105 | BI | 19.65-19.80 6 2 4 4
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. MXE R A R P P e A
B-11 4.7 + 4 EB 9.9187

B-12 5.5 + ¢ ALY AEERE N 20.498 34.315 31.91

B-13 [11.00~11.05| # ¢ %3 % Bip B 14.753 13.637 44.32 27 17
B-14 [15.62~15.7| % ¢ b3 % B B 16.1216 2.364 58.35

B-15 |18.00~18.15| & ¢ %L} & mhr42 B 8.9833 25.559 26.47 38 22
B-16 [25.60~25.80] % & & H % & & L2 22795 42.178 17.90 31 21
B-17 [25.80~26.00) # & & H % & & L2 7.351 43.04 10.56 30 20
B-1 8 |28.00~28.16 ¢ R H 1.2701 98.525 0.684

B-19 | 42.0~42.1 ¢ R H 1.363

B-110(42.1~42.25 A BURE 1.397

B-11142.25~42.35 A d BERE 1.739
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B [PEE ﬁg§%§ﬂmw
SmB. | FR@m) | FokE MEZE [UE L | PL
value e
(%) (%) (%) | (%)

C-B101|13.10-13.25| 14.233 |0.92| 4.536 |2.684| 40 | 17 | 0415

C-B102|13.40-13.55| 12.396 [0.94| 3.114 |2.696| 30 | 17 |0.356

C-B103|13.55-13.70| 10.122 |0.97| 0.862 |2.706| 29 | 17 |0.282

C-B104|13.70-13.85| 13.976 |0.97| 0.064 |2.682] 32 | 18 |0.386

C-B105|13.85-14.00| 15.399 |0.94| 1.424 |2.712] 33 | 21 |0.444

C-B106|15.00-15.20| 16.239 |091| 9.541 |2.726] 27 | 18 |0.486

C-B107|24.55-24.70| 13.465 |091| 1034 |2.673] 36 | 15 |0.396

C-B108|24.70-24.85| 15.11 #1097 1847  |2.714| 42 | 26 |0.423

C-B109|24.85-25.00| 13.893 | 0.89 " 1536 42.695| 43 | 29 10.415
SG-B101/18.80-19.00| 6.62__ [ 0.87| — 68.23
SG-B102/14.55-14.70| 12.863 10.76.4" 13.55
SG-B103/14.75-14.90| 11.744. 10.837 7115176
SG-B104/17.55-17.70| 9.155.[0.81| 29.58
SG-B105/19.65-19.80| 5.496 085 | 77.18

ZPhRBRIERBRSE
ARG AL R RBIS R E M HRE L SR T 2 A R
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43 AR A FAA

irs kB 4B ROOELE T | BB | FoKBR |G oxER

3B i B (m) Bvalue | o 5 5 5

(%) spkz (%) PRk z £(%) | (kg/em) | (kg/em?)| (kg/em’)
C-B101 [13.10-13.25| 14.233 0.92 4.536 54.2591 4 2 2
C-B102 |13.40-13.55| 12.396 0.94 3.114 51.8371 5 2 3
C-B103 |13.55-13.70| 10.122 0.97 0.862 53.1812 6 2 4
C-B104 |13.70-13.85| 13.976 0.97 0.064 714628 4 2 2
C-B105 |13.85-14.00| 15.399 0.94 1.424 73.1098 3 2 1
C-B106 [15.00-15.20| 16.239 0.91 9.541 45.1722 4 3 1
C-B107 |24.55-24.70| 13.465 0.91 10.34 50.88 3 2 1
C-B108 (24.70-24.85|  15.11 0.97 18.47 31.342 4 2 2
C-B109 (24.85-25.00, 13.893 0.89 153562 52.3462 5 2 3
SG-B101 |18.80-19.00|  6.62 0.87 68.23 7.2628 0.5 2.5 2
SG-B102 |14.55-14.70|  12.863 0.76 13.55 36.8664 5 2 3
SG-B103 [14.75-14.90|  11.744. 0.83 15.76 39.3871 4 2 2
SG-B104 [17.55-17.70,  9.155 0.81 29.58 27.4759 4 2 2
SG-B105[19.65-19.80|  5.496 0.85 77.18 3.9433 6 2 4
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Bl 4-3 35 (5 M A AL R (1 C-B105 5 )
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C-B105 Deviator stress(1.424%)
C-B107 Deviator stress(10.34%)
C-B105 Pore water pressure
C-B107 Pore water pressure
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Pressure (kg/cm?)

B 4-6 &4 %

Deviator stress (kg/cm?2)

:‘ L C-B102 Deviator stress(3.11%)
A A C-B109 Deviator stress(15.36%)
| A O C-B102 Pore water pressure

° A C-B109 Pore water pressure
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Excess pore water pressure (kg/cm?)
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Excess pore water pressure (kg/cm?)

SG-B101 (68.23%)
SG-B102 (13.55%)
SG-B103 (15.76%)
SG-B104 (29.58%)
SG-B105 (77.18%)
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Axial strain(%)
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A25 2R B3 % T 4 B R 2K

1 2 g 905 2 C-Bl k7388 > 55 & FI R 2(2007) 4> 4 L 8L

BB HECN2 IR R O G R R B

i

Flfed b B84 ¢ 403 48 HAh i aC =0.297kg/em’ » ©°=20.59° >

4o & 4-13 #7151 o

12
Y=0.3758699507*X+0.2974079475 <= C-B104
R-squared=0.637679 — @ C-B101
] —A—— C-B105
C'=O.297kg/cm2 —HB— C-N206
®'=20.59 —O— C-N210
ol —w¥—— C-B102

—<— C-BI106

Shear stress(kg/cm2)

Normal stress(kg/cm?2)
B 4-13 * T FRT 4 %R B
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goeh o 8 SG-BI i P12 T v SE(2007) % 4 L i 4 HR (&
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3 44

Z R RORER AN T A (FIE E > 2007)

. B | s T e gt BT 200 200 BE T (0l N P

=L i g | FR nold TR s | T Féi(ﬂ‘l’%m‘l) PR £ | BE O F KR G cRR B

s ™) | (am) | (mamy | B A3 (%) ) |(kgfom?) (kefom?)| (kg/om?) |

Wdlgg o £ g (8 W
C-N201| N-2 [55.65-55.85|159.50/61.00|2.61| 6.52 4.63 39.67 | 40.47 | 53.81 | 54.90 4.00 2 2 0.8
C-N202| N-2 [56.00-56.20({167.00/61.86|2.70| 10.83 7.82 48.52 | 50.16 | 40.65 | 42.02 3.00 2 1 0.88
C-N203| N-2 |56.17-56.35(149.50/61.45(2.43| 3.92 207 48.95°1.49.54 | 47.12 | 47.69 2.00 1 1 0.79
C-N204| N-2 (57.15-57.35]162.20|62.10|2.61| 27.36 4 2082 57.47 | 62.64 | 15.18 | 16.54 4.00 3 1 0.87
C-N205| N-2 [58.30-58.50{155.20/61.80(2.51| 10.10 7.26 48.06. | 49.58 | 41.84 | 43.16 4.00 3 1 0.83
C-N206| N-2 | 54.5-54.70 {150.42|61.80|2.43| 8.92 6.40 3797 39.02: | 53.11 | 54.58 4.00 2 2 0.8
C-N207| N-2 |54.70-54.90({167.00/ 61.90 |2.70| 12.06 8. 74 5444~ 5650 | 33.50 | 34.76 4.00 2 2 0.75
C-N208| N-2 | 55.05-55.2 {167.20/61.86 (2.70| 6.02 4.28 5237+ 53.34 | 41.61 | 42.38 5.00 2 3 0.82
C-N209| N-2 [55.25-55.45/162.64|62.00[2.62| 3.62 Cp 52.37.4 52.95 | 44.01 | 44.50 5.00 2 3 0.85
C-N210| N-2 (55.45-55.65|155.40/60.12|2.58| 7.05 5.03 34.61" | 35.36 | 58.34 | 59.61 5.00 2 3 0.85
SRR E D C 5B RQ00)A B A d ARD AT HA A B VN2 5 I BEA AT .
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45 FWHEE A AFTHA (B 3> 2007)

oo e R T TP [ T eer =) Y B
AT ) L m | om) | Y e | o | %) | (gemd) |(glemd)] B E
SG-N101 N1 | 18.23~18.38 | 152.5 62.9 242 47.39 60.83 65.3 4.50 2 0.75
SG-N201 N2 18.4~18.6 152.3 60.9 2.50 28.93 25.52 30.90 4.50 2 0.81
SG-N202 N2 44 8 ~45.0 | 153.47 62.2 2.47 27.58 27.25 30.44 2.00 2 0.85
SG-N203 N2 53.4~536 |183.125| 61.15 | 2.98 33.13 33.79 39.38 6.00 2 0.86
SG-Ah101 | Ahl | 37.03~37.18 | 151.68 61.93 | 2.45 3.84 14.53 16.81 4.50 2 0.83
SG-Ah102 | Ahl | 37.55~37.75 | 153.49 61.63 250 16.61 17.28 18.96 6.00 2 0.75
SG-Ah103 | Ahl | 37.80~37.95 | 152.32 60.97 | 2.50 51.21 56.86 61.70 4.50 2 0.77
SG-Ah104 | Ahl | 38.70~38.85 | 159.49 61149 | 2.60 1941 30.11 3391 2.00 2 0.82
SG-Ah105 | Ahl | 38.85~39.00 | 155.28 6221 | 2.50 27166 27.89 31.29 4.50 2 0.83
SG-Ah106 | Ahl | 39.55~39.70 | 150.55 60.61 | 2.49 19.76 17.44 20.00 6.00 2 0.76
SG-Ah107 | Ahl | 12.00~12.15| 157.00 60.96 | 257 12.40 23.07 28.06 2.00 2 0.82
SG-Ah108 | Ahl | 16.80~16.95 | 164.92 6024 .| 2.72 2.70 3.89 4.80 4.50 2 0.87
SG-Ah109 | Ahl | 19.85~20.00 | 151.59 59.37 1-2.55 3.93 3.02 3.47 2.00 2 0.85
SG-Ah110 | Ahl | 17.05~17.20 | 169.13 60.92 [2.76 Vi W, 5.02 6.39 2.00 2 0.89
SG-Ahl111 | Ahl | 17.25~17.40 | 152.88 60.92 (2.5101 17.91 18.40 20.21 6.00 2 0.88
R A SG: EEAN 5 F IHH006)H A A E FH A K S AR K o NI N2~ Ahl ¢ 3V LA 47 -
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L C-B106 Deviator stress(9.54%)
A C-N205 Deviator stress(10.1%)
6 O C-B106 Pore water pressure
LA C-N205 Pore water pressure
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B 4-15 4 %2 3 H-kR % B(FR 3kg/lem® ~ 7 -k/R 2kg/em?)

99



C-B101 Deviator stress(4.53%)
C-N201 Deviator stress(6.52%)
C-N206 Deviator stress(8.92%)
C-B101 Pore water pressure
C-N201 Pore water pressure
C-N206 Pore water pressure
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14
SG-B104 Deviator stress(29.58%)

SG-Ah104 Deviator stress(33.91%)
SG-Ah107 Deviator stress(28.06%)
SG-B104 Pore water pressure

SG-Ah104 Pore water pressure An
SG-Ah107 Pore water pressure AdA
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SG-B105 Deviator stress(77.18%)
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SG-Ah103 Deviator stress(61.7%)
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40

O Cell pressure 3kg/cm?,Back pressure 2kg/cm?
A Cell pressure 4kg/cm?,Back pressure 3kg/cm?
+ Cell pressure 4kg/cm?,Back pressure 2kg/cm?
L] Cell pressure Skg/cm?,Back pressure 2kg/cm?
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