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Bedrock is inhomogeneous for its genetically diverse origins and geological conditions when it forms, and espe-
cially, conglomerates and core-stones are one of these typical composite geo-materials composed of weak matrixes
and strong pebbles. Mechanical properties of these composite bedrocks, like a conglomerate, generally vary
depending on the mechanical propetrties and distributions of pebbles and the matrix. Therefore, regarding the con-
sequence of understanding mechanical property of bedrocks in the designing slopes, tunnels, and other engineering
facilities, empirical rock classification methods generally applied in the mechanical property modeling may not be
suitable and rather, we may need some other classification methods, or tests more specific for these inhomogeneous
composite bedrocks. This study includes a series of analyses to see elastic behaviors and modulus of composite
geo-materials using homogenization theory. Forty nine case models were made for the elastic analysis with con-
sidering S factors such as gravel content, gravel size, strength of matrix, sorting and dip angle. The resuits analyzed
are applicable to calculate elastic modulus of composite geo-materials as conglomerates and core-stones.
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Fig. 1. Macroscopic and microscopic periodic structure.
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Table 1. Mechanical properties of composite materials in
homogenization analysis.

Medium  Hard
matrix ~ matrix

Composite Soft

. . Gravel
materials matrix

Elastic modulus
E (X10°tm%)
Poisson's ratiov 0.35 0.3 0.25 0.2
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Fig. 2. Examples of calculation models for homogenization analysis.



230

AleA .

P - § -

Table 2. Calculated elastic moduli of composite geo-materials.

Model No. Matrix Gravel size Grave(l%c)ontent Sorting Dlp(f)n gle El};l(st;(Cl 8}3(11111121;1 5
ce-1 soft big 20 well sorted 0 8.7
ce-2 soft big 30 well sorted .0 11.7
ce-3 soft big 40 well sorted 0 14.4
ce-4 soft big 50 well sorted 0 17.7
ce-5 soft big 60 well sorted 0 229
ce-6 medium big 20 well sorted 0 71.4
ce-7 medium big 30 well sorted 0 89.9
ce-8 medium big 40 well sorted 0 107.3
ce-9 medium big 50 well sorted 0 128.7
ce-10 medium big 60 well sorted 0 1574
ce-11 hard big 20 well sorted 0 95.5
ce-12 hard big 30 well sorted 0 118.4
ce-13 hard big 40 well sorted 0 140.1
ce-14 hard big 50 well sorted 0 165.9
ce-15 hard big 60 well sorted 0 199.7
ce-16 soft medium 20 well sorted 0 8.7
ce-17 soft medium 30 well sorted 0 10.4
ce-18 soft medium 40 well sorted 0 33.9
ce-19 soft medium 50 well sorted 0 117.9
ce-20 soft medium 60 well sorted 0 144.9
ce-21 medium medium 20 well sorted 0 714
ce-22 medium medium 30 well sorted 0 84.4
ce-23 medium medium 40 well sorted 0 127.6
ce-24 medium medium 50 well sorted 0 186.3
ce-25 medium medium 60 well sorted 0 236.6
ce-26 hard medium 20 well sorted 0 95.5
ce-27 “hard medium 30 well sorted 0 112.6
ce-28 hard medium 40 well sorted 0 157.0
ce-29 hard medium 50 well sorted 0 212.3
ce-30 hard medium 60 well sorted 0 266.5
ce-31 soft small 20 well sorted 0 9.2
ce-32 soft small 30 well sorted 0 15.7
ce-33 soft small 40 well sorted 0 442
ce-34 soft small 50 well sorted 0 221.1
ce-35 soft small 60 well sorted 0 273.6
ce-36 medium small 20 well sorted 0 74.0
ce-37 medium small 30 well sorted 0 97.9
ce-38 medium small 40 well sorted 0 159.0
ce-39 medium small 50 well sorted 0 281.4
ce-40 medium small 60 well sorted 0 328.9
ce-41 hard small 20 well sorted 0 98.4
ce-42 hard small 30 well sorted 0 126.3
ce-43 hard small 40 well sorted 0 190.7
ce-44 hard small 50 well sorted 0 302.8
ce-45 hard small 60 well sorted 0 348.4
ce-46 medium mixed 40 well sorted 0 119.2
ce-47 medium mixed 40 poor sorted 0 114.7
ce-48 medium mixed 40 well sorted 20 121.2
ce-49 medium mixed 40 well sorted 40 125.3
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4 a2

£ Aol ARA GUEREE HA83] olel
2 dgol} TUES 2 RPN G B
4e B7ksw) A 99 B 27, 7132 49
7 a3 NS S B 232 e 7
AUE 015 BYNIS UASLT. ol I7E
Tl Qoinl A%E S vhest Pt

L BQ 9] Fast 71as] Yl A9 o) 2
P17t 2SS R WAATE BolE A% B

Atk @ o] 2k HHOE B ASE 7)Aol
ATHE o) Fagol M DA Z71ge) A
Am, 71de) TS R A% del A7k e
o oo} o) 40%E WowN SRS 343
=7V},

2 del 7t Ae4E WA AdE AL
o) PPl WSS TS M, B3 de] Fa
o] 40%E HA =¥ I ¥ FIERIh

3. Os Z71e] gog 74 A, A &

Table 3. Elastic moduli of well and poor sorted geo-materials containing 40% gravels.

) . Well sorted sediments Poor sorted
Compositematerials - - - - .
Big gravel Medium gravel Small gravel Graded bedding sediments
Elastic modulus 107.3 1276 159.0 119.2 114.7
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