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APPLICATION OF A MARKOV PROCESS TO A MECHANICAL
MODEL OF GRANULAR MATERIALS (2)

By Ryosuke KITAMURA

Synopsis

In the previous paper the author proposed a mechanical model of particulate materials as a
Markov process and explained the concepts of the potential barrier and the potential slip plane
which are introduced in the proposed model. Furthermore, the strain of particulate materials
was defined by using the change of contact angles at the contact points of particles and the dis-
continuous motion of particles.

In this paper the results of shearing tests obtained by the modified triaxial apparatus which
is designed and constructed, and can generate three different principal stresses are presented.
The results of numerical experiments which are carried out by using the proposed model are
also presented. From both results it is shown that the proposed model can versatilely follow the
mechanical behaviours of particulate materials such as sands with complicated stress paths includ-
ing the stress reverse and repeated loading.
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Fig. I. Relative motion of two particles.
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Fig. 2. Triaxial apparatus.
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HICRE - feRIE, AEREREYE, SoIcERELTIRREICHERNAE 4V ) 1515 LICKDIER
KAEIEBIERLEIEZBETH 2. F2OEBRAFO=MERD LV RITHIEH 3 OHFTHER M
ATBZEREDUFK, HBVREFRERKICHERLS 3 TR ERLEI LS ETEHDTHS. T
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HARRE->TRZEINTEY, PELO XS BREOLENK XHAMTRT 2 BOHEE~OEARDE
LIk 2RBENELELDEEZ OND,

—%, BRZRWEBTRT AEOBEEHIC, BLR—ETHEH, HIRE falkin & OEmlbi—kK
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(1) Bellofram cylinder
(2) Loading frame

(3) Proving ring

(4) Triaxial cell

(5) Burette

(6) Bourdon gage

—>(5)  (7) Air pressure regulator

(8) Compressor
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Fig. 3. Schematic diagram of the modified triaxial apparatus and the pressure system.
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Bo EBELT - IR Fig. 6 1CRT X, ERWAEMICBNT, BKERICERER, WHWY5AIE
JNHHRIS DT 4 §=0°, 15°, 30°, 45°, 60°, 180° &35 & 5 ICHSHRICISIHRERZE L EEB bDE,
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(1) Piston

(2) Triaxial cell
(3) Top loading cap
(4) Lateral loading plate

3 (5) Porous stone
(6) Roller
T (7) Roller guide
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(9) Radial pressure
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Fig. 5. Grain size distribution of Fig. 6. Stress paths used in the
Toyoura Sand. experiments.
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Fig. 7. Membrame penetration versus Fig. 9. Stress~strain relations obtained
chamber pressure. by experiment and calculation.
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OREFERFEUILLDEELOND. B3 ORWEBZED i 9=15°,30°,45°,60° TOERRIIZOD
MEEERONTIT> T30

3.5 BRER
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HRRO=#E AWRBRET) &, —RICBRERIRBIRL, TNDEMRET 5 AFRBRICHOTIRIBE
KDOERM 13010 cm DL HFATHB T &, £ 4=0°, 180° LIARHE 3 OiRFFEBESBAINTHEC L
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Fig. 10. Streess-strain relations of medium dense samples under general stress states.
Table 2.
T
8 g o1/o3 -2 8
0° 5.66 73.5° ! 47.3°
15° 7.04 72.2° 60.0°
30° 7.89 72.2° 65.9°
45° 8.31 73.4° 70.8°
60° 7.68 71.2° 71.2°
180° 7.00 | 28.1° 70.5°




118

WA RIS 5225 B-2 (M54 4)

()

® experiment Zj ?
o calculation z‘
. L . L . L . . . . . . i
-50 -0 -30 -20 -1.0 [¢ 10 20 40 50 6.0 70 80
€ (%)
(a) Compression
&
[8]]
e o
. {]
\ 41 /o/:
L) L]
\\ .
_ Al ~
A
o
® experiment s 2+
o calculation /S
o
-0 <60 -50 40 <30 20 0 10 20 30 4D
€ (%)
(b) Extension
Fig. 11. Stress-strain relations of loose samples under compression and extension.
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Fig. 12, Stress-strain relations on the cyclic tests.
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LSRRI SBEF NOBEICIIAEHEBETROEOERE OB T A 65°~T0° LA -TED,
FIMIRABRTI 28, 1° L8 THBOBET RO EOMAEBEL R LD TH AL EER LTS, 1212, B
BINLTNDTIZZE HETT (B=80"~90°) THV, TRUEEEULERICEOTRHMEER
NOEEEZHRNEVI E— - 7~ 0 Y OBSEHBICKHIRKOBE SRS C E2ERL TV 5. L
U, FRADEANGBRICEBOTE — 7 REICE LM RBEREKICR TV EIS S bNTE 5T,
NOERBERABICELLMATHOLNEbDEEI 0BT L, TAERBENGHHNOER TDH
b, E—7E, BERELEMICHETETO RN ERE, S, WERECETIZRETICIIAHE
DHEDXVERT — 2 DEMBLETH 5.
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Fig. 13. Flow chart of the proposed
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Fig. 14. W/(r/ox)~W relationship under
general stress state.
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