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Crushing Properties of Sand Grains during Shear at High Confining Pressures.

Norihiko MIURA and Tetsuro YAMAMOTO

Abstract

In order to clarify the property of grain crushing of a sand during a high pressure triaxial

compression test, a mineralogical examination was made on the samples sheared under such a high

confining pressure as 100 kg/sq. cm.

Comparing two samples, which were compressed under the same confining pressure but in the

states of different initial porosities, it was found that they were experienced the different features

of crushing of their main mineral particles, quartz, chert and feldspar. This phenomenon was

considered to be related to the volume change characteristics of the samples during shear tests.
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Table 1 Grain size distribution of saturated samples
Confining | Tnitial Per cent finer by weight
No. Test pressure
(kg/cm?) | density 210# | 177« | 1492 | 1054 744
34'Compression 100 | Dense(D) 57.4| 20.8 4.3 0.3 0.1
101 7 27 Loose(L) 62.4 25.6 7.0 1.6 0.6
63| Shear 50 D 81.1| 50.7| 33.8| 21.6| 153
60 7 P L 80.4| 46.1| 30.9| 19.0| 13.8
72 7 100 D 87.6| 66.1| 50.0| 35.0| 26.6
71 7 i L 8871 69.1 ! 53.21 37.9] 29.1
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Fig. 1 Stress-strain curves of saturated

samples at elevated cell pressures
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Fig. 2 Grain size distribution
curve of Toyoura standard sand
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Table 2 Relationships between particle size and mineral composition of saturated samples

Confining| Initial |Particle Mineral composition (%)
No Test pressure ‘

(kg/cm?)| density | size («) Quartz| Chert|Felds; ar Amphibole| Pyroxene| Mica [Magnetite

>210 | 82.6] 2.20 14.6 0 0.4 0.2 0

177—210, 78.3 5.9 15.5 0.1 0.2 0 0

34 Compres- 100 U8 o177 10| 72 164 1.2 0.2 | 0 0
sion 105149 69.4| 7.6/ 17.6 2.2 1.4 0 5.8
L 74—105| 47.6; 7.4 25.2 2.8 | 3.8 | 0.4 12.8
>210 | 79.4, 4.0, 16,0 0.6 0 0 0

Loose |177—210; 81.2] 6.0 12.4 0.2 | 0.2 0 0

o~ 7L 149—177 81.6) 5.8 11.2 08 0.4 |02 0
105—149; 72.0/ 3.8 16.0 2.6 ‘; 2.0 0.4 3.2
74—105 _64.6] 6.8 19.6 1.8 0.8 0.2 6.2

>210 | 89.6/ 3.6 6.6 0.2 0 0 0

63 Shear 50 D [149—210 86.6/ 3.2 8.6 0.8 0.6 0 0.2
105—149, 74.2| 4.8 18.4 0.6 0.8 0 1.2

o 74—105| 58.21 6.6 31.4 0.8 0.8 0.2 2.0
>210 | 90.0| 2.2 7.8 0 0 0 0

o . L |149—210 88.8) 2.8 8.2 0.2 0 0 0
105—149| 81.4| 4.2 12.6 0.6 | 0.8 0 0.4

- B 74—105| 69.8| 4.21 24.0 1.6 0.2 0] 0.2
>210 1 93.0] 2.2 4.8 0 0 0 0

7 W 100 p (149210 91.2) 3.8 4.8 0.2 0 0 0
105—149| 85.4| 5.2 7.8 0.2 1.2 0 0.2

o 1.74—105 84.41 4.2 10.2 0.2 0.4 0.2 0.4
=210 | 91.0 3.4 5.4 0 0 0 0

7 ” W L ([149—210] 87.8| 4.2 7.4 0 0.6 0 0
105—149i 86.2 3.6; 8.8 0.2 0.2 0 1.0

74—105' 84.8! 3.00 10.2 0.4 1.0 0 0.6
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Fig. 3 Grain size and mineralogical composition

Table 3 Weight per cent of mineral particles

Test conditions weight per cent of mineral particles
Confining | Initial | Minerals
No.| Test pressure ) D>210|149—210/105—149| 74—105 Total
(kg/cm2) | density (#) ) (&) ()
Dems | Quartz @] 17.1] 40.6| 9.4| 34| 705
63 | Shear 50 ) |Chert (©) 0.7 1.5 06| 0.4 3.2 } 83.2
L Feldspar (F) 1.3 4.0 2.3 1.9 9.5
6 Y , Loose Q 17.6 44.0 9.7 3.6 74.9 }
(L) C 0.4 1.4 0.5 ] 0.2 2.5 ¢ 85.7
F 1.5 4.1 1.5 1.2 8.3
Q 11.5 34.3 12.8 7.1 65.7
2y 7 100 D C 0.3/ 14| 08! 09| 3.4 } 73.1
F 06| 1.8] 1.2] 0.4 4.0
Q 10.2 31.2 13.2 7.5 62.1
7l ” L c 04, 15| 06| 03 zs}7m3
F 06! 26! 13| 09| 54
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Table 4 Increase of specific surface area of minerals during shear

. . {Specific surface area| Increase of specific surface
N Cl;)rrelglsrlllllf‘eg Initial S (cm2/gr) | area 4S (cm?2/gr)
0. (kg/cm?2) densit Quartz | Feldspar | Quartz [Feldspar] Total .
N Y| (8q) (Sr) (4Sq) | (4St) | (4Sq+ 4S¢)
63 50 I{ﬁgfe 227 131 137|112 249
Loose
60 7 (L) 161 164 71 145 216
72 100 D 357 261 267 242 509
71 4 L 461 255 366 244 610

W AASE TR e



58 (242)

HERERHME 4Sq 5 XX 4S5 DBNEIS W5 3
&, Table 4i57EdN B k5, BHoDEE L@ 2T
DEEITIX E LD THBNTH 2. ZhbHD 4Sq
LK 48s KFHNT We 2K 5 1Ti%, We=Cq-
4S¢+Cyr« 48y 2 ABRE AONELINTH S,
LT, CaB L F Cr i3, BOBORERFE L OE
ORIF O 2 RTEB TH 5., BAEDELAS,
Co BIX Cr DIERFIZE TN, EEDS MK
WHERB L 72 Co==3Cr 22 3BER 2 VTS Dk
LD BETHED We it DWTHBEL TAB ERD
E5Ths. ¥7, BODWILOWVWT, Wep=3 X
137Cr+112C5=523Cy, F7:9 5 SHFHTONTII,
Wer=3 X71Cs+145C;=358Cys, U1di-> T BSH
AEDHED We i3 2 00RO 21 X b #146% K
XN iRz B, T OERFECHR I ESE OFEN
4S DfE%  LITU T RO IZmEDFEN (15%) it
NRTEPODTREBPETHS. EROCT EDDE, ¥
AW OB O LEERIEIIE % b & ki TR
BERD LI ETHHBICZE, 2CEETNAEHLAD
TN DN T O HERERREMEICE T 57— 2 2
BDTRINERS RN EWBEL M EE -T2, HR
= 100kg/cm? TRAMr XN IR DWW T | ARk
HEZT2W0, @3 0DFEBD We it 3 255D
o We DK X%2RD 5 &, FHW 48 2RV
BT, BEREELD 17% /N0, 45 BIK
A4St DEZFAVTHET 5 £22%/N &0 &0 5 FEFRES
Bohi. '

4. % & B

AR ORI TFIERMCER IN A EHEREHET S
CLIBEL T, »A5%GOT CHEBEIIZEAMS
NI BRI D W T 2 ORI B 2 3
~, ROT EDIFHLPITINI,

Br 2 RBEN GTREDOKE X) FI3HERIRE:
(FE O FHITE OAKEX) O LTRAKENIA
Bha, Riso CRTEREEZRT. 10 ARERE
s50kg/cm2 DEEGF T TRA INIZEEIC 20T A
E, BoDERIhOAIRTFRIY 2 SERRDZN

Vol.24 No.3 (1974)

=W BE .Uk 8y

X BEmIN S, ChudeAlROUEREOMRE
ikt X O BT & B sBR B B EEALN
%,

SEH ORI T OBEREEY ERD X 5 e kA
L ->TEZ ST ERRTIIDIC, wATICEDL 5
BRI DY SR EBUEINE 4S % b LU THITBE
PRIFEEE WS RHET R L, BoTMREREALZBZ
b B, HEEES0kg/cm?2 AT DWW TRE LI
R INE, @5 0D8RKNCET 5 We OEICHT
A SHERID We DR & Xid, FHH 48 ZRWT
HET AL 115%Th 55 BEPOLEFELICEA
RFTOZNLThORMEYME § iU THETS L
Wep i3 Wer DI46%1C 755, UTchioT, BAN
RO TR EE 2EEOENEHMES § LITE
BU &5 ET35510E, BER2HERT26D0BDOD
T DN T OEMBENED T — 2 2HWV A T &M
BHETH 5. '

AT, FHEES X CRREEOR L 5 4D
B A NSRBI DWW T 2 1 B ORI TFRER: % ET
Uto. A% gk & AIFIEUE & ORI FRERHREE O
BNMCOWT AL, BT & AR &
DEGRZEE S HITL TV X120,

#niz, BEROBYHERZ FHNACHTII-TEHLD
BTS2 18 AR T RS RUEREE 2 5 oicdE
ARBTFIEHROERFELVET.

& £ X #&

1) SEE, P« dokseaitsomagi, 193, 69 (1971
*2) N. Miura and T. Yamanouchi : Tech. Reps. of the
Yamaguchi Univ., 1, (1973) ‘

3) ZE%e AL R ®RE, 24, 2 (1973)

4) SIREEE - doREAMSCRER GEiNdR)

5) SHIEE, WA ¢ Ak OB IMAE K I A B TR
4, B (1973) '

6) AdR, ki, UL, B BRGSO, L (1962) p.
171

(FRFI484E12F 18 H ZH)



