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A Study of Mechanical Behavior/Properties of Block-in-matrix Colluvium through
Virtual Mechanical Testing— Li-Shan LandSlide Area as an Example

Student : Yung-Chi Chang Advisor : Dr. Yii-Wen Pan

Department of Civil Engineering

National Chiao Tung University

ABSTRACT

Colluvial materials are often complex mixtures of geo-materials of various sizes,
shapes, fabrics, and porosities depending on the parent strata and the slope-failure
mechanism. Very often, colluvium from previously failed rock slopes is composed
of both hard rock blocks and soft clay matrix, and may be considered as a complex
composite geo-material which can be treated as a “blocks-in-matrix (BIM)
geo-material. A BIM geo-material eontains selative stronger rock blocks embedded
in relatively softer and weaker matrix. This type of colluvium is termed as “BIM
colluvium” in this study.  The present work attempts to simulate and analyze the
mechanical behavior of block-in-matrix (BIM): colluvial materials using virtual
specimens. This study carried out a series of numerical simulation as virtual
mechanical tests in order to.dook into the important factors that affect the mechanical
properties of BIM colluvium:

The study site for the thesis 18- within the Li=Shan huge landslide area. This area
has been subjected to repeated and reactivated landslides with various depths of
sliding surfaces according to several intensive investigations in the past. The
colluvial deposit in this landslide region is often composed of both rigid slate blocks
and soft clay, which is the “BIM colluvium”, referred to in this paper. A series of
two-dimensional (2D) and three-dimensional (3D) virtual triaxial tests were carried
out by varying the block proportion and block orientation to compare the results of
2D and 3D virtual mechanical tests and to identify important factors that control the
mechanical behavior and properties of BIM colluvium.

Major findings obtained from this study are as follows. (1) Comparing to the
2D case, the failure plane in the 3D tends to be tortuous in 3D; hence, results in
higher strength. (2) The strength of BIM colluvium increases with increasing block
proportion. (3) Rock-block orientation affects the anisotropy of mechanical
properties. (4) The general trends of engineering properties versus block proportion
obtained from 3D and 2D virtual mechanical tests are similar at least qualitatively.
Due to the inevitable difficulties in obtaining colluvium specimens close to the REV

II



for laboratory tests, it may be possible to adopt virtual mechanical tests to
complement insufficient data of laboratory tests, provided an appropriate calibration
can be made.

Keywords: Colluvium; Block-in-matrix colluvium; Numerical simulation; Virtual
mechanical test
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Medley(1994) & 4&- % 4 ' #* = 3 Franciscan Melange w# 3§ - #
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Franciscan Melange ® sl st + o i s B2 (B 2- 13) > T & <1 ¥
F o4 R FerBfim ff ER 47 0 A7 BB dnax(F 2 B~ s ) e d
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H dmax H B~ a ff = & o deB] 2- 14 2 B] 2- 150 F]#t ¥ 2_Franciscan Melange

PEBL2 R A2 R R R (scale independent) ©
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0.05VA £ % S 7 3 ¢ el &0 B 0, THVA Tr 2ok sosr 2 Al et 4>
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Medley(2001) 7 % & # & Block-in-Matrix 444 % Bimrock % i+ /B % &

tang,, ., /tan >2.0

matrix matrix

>20 . E../E ol e ... o

gi T block P F A E B R AR
A LRI > P4 BRI G T R 5 T A B o d 3 Bimrock £ BT
Al g IR F BB AR TR R e 5 B RS wE T R AT

FERPL G EBRMLL GRS ARG i bkt P RARF L F BRI

AR BRGSO URFLT R K o

i

GRAYWACKE
g SHEARED MATRIX SANDSTONE BLOCKS
‘e B - i - S T i A

——— -

HYDROTHERMAL SHEARED Tt
ALTERATION MATRIX BASALT/GREENSTONE

METAMORPHOSED FAULT-
SHALE BLOCKS  ZONES SHEAR ZONE BLOCKS

TYPICAL FHA’NCISCAN ROAD-CUT (NOT TO SCALE}

B 2- 13 Franciscan Melange & #f &7 I 1% B T js o # k= (Medley © 1994)
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number of blocks

image areas

relative frequency (%)

100 — T e
e ' -_ —=— 18.92 m"
1 .Fh“\ . I A - i o 792 2
s el | : - - . m
1/ :\ﬁg | i 2
NN —+— 2.26m
RN 2
S= s —— 029 m
e — \ Hlu 2
Y “\— -+ " 011m
| : \H\ AN - 2
- =" 0.04d m
A \n \"\
S E \
! ! : N
. i ! N blocks = 1098 *
| | |
o1 | | | Ly L1
0.001 0.01 0.1 1 10

d: max. measured dimension of blocks (endclass; m)

Compilation of all block size data measured from cliff face at Caspar
Headlands. Mendocino. CA

Bl 2- 14 3 F SR © s o S (edley » 1994)

1
. P ;_'_. e _'l
100 — slope = Fractal Dimension, D 100 —
k::- i bl L N ¥ T !||'1_
L Fr— (a) (b) T
REL] . I T
_: ascent limb l:llerlcent Iunhl \ ] [ | }!.]
. T i E T
L | 2 | i
S T
] I D=14 = | Bl
10 , ° 10-H= e *
t ! : I 3 1 ! T I I‘_ = =l!6’1
1 Area=7.9 m? E | Arca=920km> 1
1 No. blocks = 173 ® 1 No. blocks =314 1l
| max. block =1.98 m | max. block =18 km ||| ‘
1 e —h- 1 e ;:.::! —
0.01 0.1 1 10 0.1 1 10 100
dmeod (m) dmod (km)

Bl 2-15 % B~ o f P HORRAE R F A F Bl (Medley » 1994)
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- mairix I blocks

1004 = Measurement Areas
S . ¥,
& 1 & a‘ L ;: .“ E 001 sg.m
g 1 :@‘ a5 Wg" &
T 105 a_ai.o— ® ]sg.m
£ ] - & 5, ®
E & W - ‘.. £ 10000 sq m.
; _ - L “ .
E 1+— - 0 & @ * || ®1sq km.
; ] ‘I 4 1000 sq kan
E 0.05VA o 0.75VA

0.1 — ! *!

0001 001 0.1 1

dooa VA

Bl 2-16 7 FPfthm ff 2R ITHBrted AT > IR IRPF A F

( Medley.>, 1994)
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Emﬁft// P

S " T surfece and cross- // ’/vluluma R
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g W —7+ - e
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%m }a //f :

T -

w 34 L7 ol
: I// H

N[E _ y ’]—___—..--'

Gé“ ©:.05d pray dim
B 2-17 RHEIEHE S ZATRCEIM AR KEEUFEIFES T R

(Medley » 1994)
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B gL HPEE T e 2007 %23 0 Medely(2008) ~
Wakabayashi(2008) % £ 43 # g 2 M FivAp Ay e R fed v 1 fo (7 5 71
PARE FISEEAFfe > @310 A A2 FEgE > MHA BRI 5 A FEERF
~ B fE 4R A 2 # o Lindquist(1994)# * — k517 e fs(0.5~4.5 #&vd)2 4
BEEER s FdRE =10 Eed e tg £ (8=0"~30"~60"~90") > @ iEd

AR HAFEM ME L5 9E B 122 Fu o BT dhiRSk o FITHE R

=

BAr®A 8 50 BH A M G g FREEVETARRS -

Rl

(1) AR 5 2 o 5 Hsbenit B4 - (4] 2- 18)
(2) B bR v A %o BB B PR SR Y T - (4o 2- 19)
(3) #HAHFAA I T 25HF m A 0% LA A+ BIP B

Bk B4 37 o (4o 2- 20)

TP = Cmatrix (1 - 9) + Gtan(¢matrix + A¢(9)) .............................. (2 1 )
He
To HALT 4 B R

Chatrix . E-]} )Fﬁ%j- 7}"‘ P\ /%Y’\ 4

6 AR MRE T E
o L/
gbmatrix 'E!})Fﬁ%j-#"‘]]\ @“1}%&%’.
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Ad () :p Biptiimy s 2248
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Ultimate Deviatoric Stress
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Deviatoric stress (MPa)
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Ultimate Deviatoric Stress (MPa)
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Deviatoric stress (MPa)
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Ultimate Deviatoric Stress (MPa)
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Ultimate Deviatoric Stress (MPa)
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Young's modulus (GPa)
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