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Fig. 2-1.  Polarized light in a crystal grain.
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PH: photomultiplier

PA: photographing apparatus
F : finder
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Fig. 2-2. Assembly of apparatus for measuring
intensity of light.
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Fig. 2-3. Measuring range of the intensity of
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Table 2-1. The difference of transmissions to the
directions of X" and Z’ in a crystal
grain

“erystal grain  Iok,s (mA) Lok, (mA)  kofkar

Quartz 5.6 5.7 0.99
Anhydrite 5.7 6.1 0.96
Muscovite 6.4 6.6 0.98
Plagioclase 8.4 8.5 0.99
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fn, 1282015 LT IZEMH20 Th 3.
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%4,18,29,44,52). Lﬂ‘ L :t@ 4 y%&iﬁﬂ;*ﬁ_f,ﬁgﬂ&”@
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4.2 EBFH*

(1) oMt EOER
LEBENTL T Y BIERITE L 5D M T HES O
BELEHT DI, Wb rTHERS L
AB0EE L, CTTRBENBERY ST, H
WIOWBA T THLT Lo HERT2RIRL .
FHERRI200 2 o v 2 ZE@B LB RRTHY, £
O WEHPHEEIZ hE2.65, HNEK6.1, KEBRA
24%, WHBANP. Th2, ZORAMBMATTH

BREINTHLH, ZOaryRFry—
B+ 5.
t@tyﬁﬁ?®#§%ﬁ#6MEKﬁH~&ﬁ%
DEBHBRLLELT L0 HMELAETFRETZ
BEAC I — R D AR IE T & v, L LOER
KDOYRBE DT D& » Wike T B+ 50 5%,
—EDEEATETRB L LM T D T & Tlil—¥ Bk
ELAOHURUBHETCE S LA L L. TFRERR
TREGAKE (22.09%) ORBIZL, —FERE+
YWIRIOHUTH L C AT30 MIEMT 5. H—ERIE
NEZGfRAK s AAEL, CCENFhEL
L YWIEMEMA T-HO vV MIEEBRBET L.
€ CWIEDRE I Tt v HABRB TR, O
ABRBIINE b6em, JES 2ecm O v HikixAL, T
BB TH L, AROHEKE IR ITHIET & %
WOT Qe rWié L, e rBiAER exX AR
(A8 1mm/min) T&H L. MBEEL L -—ft
YHRBRORBSRL SN Ty T
BEEERERL D K& vt Y EA 28R ITINA
LT ENTE, TOELABLIERMN - HEICEE L

(T HE A ITH

WIRANTBITE 22 L 2MA L. Table 41 124
Table 4-1.  Properties of specimens before shear
- No. of water
normal stress  shear content dry density
(Kg/cm?)  specimen (%) (g/cm?)
do 21.35 1.49
71 21.51 1.53
0.5 ¢z 20.99 1.54
qs 21.30 1.51
qa 21.70 1.53
o 21.08 1.52
g1 21.13 1.62
1.0 72 20.97 1.50
g8 21.36 1.50
G4 21.29 1.54
o 21.36 1.50
g1 20.67 1.57
2.0 92 21.62 1.54
qs 21.20 1.55
4 20.84 1.54

R A O YR B Y, Fig 4-1 TS h~EM b R
4. Table 4-1 XY KR BEIEH T L DR EOYWEY
HHEIZZIT—ETHD, Fig. 4-1 @ qo, q1, g2, s B&E
O qu iZ—HD e Y WE AR M Ui il & A&
EDLH. LT i3 MBERO, ¢ IEEMRI
PHALLEDIRETHD
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horizontal displacement(mm)

Fig. 4-1. Shear stress-displacement curve.
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MELTX3 % U-Loid RS A ALBEHITH L. A
JERTIE Fig 41 OFEAMITEA ZRERICHDE T
U Loid 60%ixiE D # MALBF I 2 MM L 72, & Dl
KRGS O B TARBHTIRA L TE <. ARk
B Lot Wi rH 5 3 ~5 58ITseEmiziib L
7. COBREMMELIOOZ %, H1EMKEL T
ek % & WA SIY 725, 1AL Lo v kR
iz 15kg/em® Ll LOJEMK®RS 235, HOAkk
il — LEECHE A DEIRT & 2.

MEIZHW 252 Fig 4-3 @it & 5 12l +
CHTEICREICYIML, A8 30 2THESTLC
EiZk-THoND. L Loy fEmRE Ttk
ROENBHSHTE, LR 5 HEIMHE LS
NTwkwn., CCTik U-Loid 60%#%# i NH.Cl ®
TINEI0B T & B AERSF Vv DUUHEHEH1.8%, 100g D
BB 20ce AL 72 g3k IR HED 0.1~
0B TH-72T L6, & EETHOMEREIIEL
BETEREBEDOTLN EE L TR MK L.

L] solution of

250

200

150
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5 10 15 20
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Fig. 4 2. Gelling time of expoxy resin (U-Loid).
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Fig. 4-3. Plane of thin section (—«—).
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Fig. 4-4.
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SWITHVDI LV =791 Fe 2y b DEMARY 120
CTHb. ZOLDERTEN LAY F % K5
MEEL ThoMHAREEN T LT, o
TR L 2R DIAN TR 572017, F—&M0iH
REBERAE L. RAOERS VI3 A TH
BHTE R L2nDT, fERL 7N IBMesIck 28
BEOFICEBLONEITHHATE 2.

4.3 WIEFEEOEE

v CWIBSEICE 2 O Rk I3 Fig 41 TR L
TR DK PEMERW L THON S, HE 6em D
T VWA RS R (20X) T 2K T RBICEIR
TE&%2Wn., ZO8EITIE Lafeber!® 12k 5 THW
CNIHE T ol FPAASREAHELH LY, 2T

RIRCHBE % RIS 2 BR 2 S 31k % 3 4081 L 12

Thb ik Y WORS EALEs (Fig. 42 ©0
BRUOD) RO PRESTH L. Hmll€ WD
BAITAT BEBE RO B % Fig. 44 123 Lo,
HAAD T E T 3 Lo ISR & KBS % Fig.
4-5 [TRT .

Fig. 4-5.

Fabric resulting from progression of

crack in g, specimens (20 x ).
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AR DETHMBED E S350, BB T
HY, Fig. 4-4 TR BB O T BB I I 5 s
BeHEARRIC R T 2 41T %3 5. Fig. 44 (a) i1
304 RIEHE L 72 kDR (o) T, KL%
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fir 1.5 mm %320 7o i3tk () 45 Fig. 44 (b) T&
5., TOBED EMIT € WA XD BER (B
45°~60°) ITFA4 L I br FELHI & & » Wi D N BE 1R
RHEHFRIITHL. BT THTORILOL S T8
SN D HAHR D BRI >~ WK B D VI B b & & 2
o, COFRBBEEMESKENZEL I W, F7-

& BRI O PEBEITH S R TR SIZ S A D H R & 1 %
KML7ADTHAS. S SITKPEMEHARH,
K WG T L34 (¢2) <13 Fig. 4-4 (¢)
WORT LD ICREE S 20kg/cm® O & & X 8D %4
BAD SN, D ELD R TIBSIR O K TR 5 58
HETHL. Lo LRAEESH 1/2kg/cm® OB 4 &5
DREIBEINE NN, BEHHRITTE 2+ HiRD
TP IZ NS B DL e o Wi JE 358 35 B % B 04
TOHRE (¢5), BRI EBBMARIIT B L @Rk
(g) TREFMK ¢ TRAE L 2WBAMITHWET 2
(Fig. 4-4 (d), (e)). Fig. 44 (d) 1tk 2L g 0.1~
02mm O+ EHBWHEIZRDPR, ZOHAizmE
ﬂVﬁﬁKﬂLfO%@ﬂvf%%(ﬂg44(@)
LinL24° TRAEL « Y WiHT H2 XBO Kl

q, specimen

q; sqecimen

q. specimen

Fig. 4-6.  Sequence of variations of specimens as
the shear displacement is increased.

—-—-: direction of grain rearrange-
ment
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Fig. 4-5 TR & 5 (T4 K h 350 3 e o~ Wil (<
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R O RAEICE SR RO EAL & RHEE
OB LB TFRIEZFTAThS. ThHDk
FRAMDOEERE L LT, Fig. 4-7 B/KFEEMDOHKITHE
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Z 5. TRt LT gER ik b R i AU B O R A
H#R/ME {, L BN L v ERITEWIES
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Fig. 4 5 KR Lin &5 KBEREfTETH, &2
O AT L CHICE A HICET SR FRIBCO
MBOBETHD. COOMHER0METOIHANITIZN
FORMFEMNBEETN, vV HERITE D %5 HEK
RO RSB ELOE B Fig. 47 IKHMT 5.

L Lads o fEms0fETatill L7 #5813 Fig. 4-8 I
BT LI VEEIICST AR TEFIOKFRELEZ 5.
+hbb, HRK q TIE L0807 Y FARMTH
D, CoRMIIHRKE ¢ TRePHAIND. 5K
KEERD KL T HRKE VKIS T 57 3K
g: T3 B=07~08 [THMMT AR FEME XD, HH
BB L TR S E A RIICEST 2R T
DOBRPENRRMT 2. COBAIIHERE ¢ T HHERF
Anzdt, KEEMBEHRBIZZZHAK ¢ TR
8=05~0.7 TH 5. DF yikklL > WilI<HdhF
WS & CnICEA RO FRASKEERINS.

0. 5‘10 Qq qz qs e

No. of specimen

Fig. 4-7. Values of 8 at the position of Fig. 4-4.
——1 g =1/2 kgfcm?

No. of specimen

Fig. 4-8. Values of § with shear displacements at
the central zone in specimen.

- 1 ¢=1/2 kg/cm?
_____ : 0=1kg/cm?®
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Fig. 4-8 25, 3k ¢ ® B ITHIET B4 HOH
HEE 2ANWT (3.9 RIDHEHBEN EITHATS
s Fig. 49 tdH 5. o Fig. 49 13 Fig. 45
KRR LIRS AR FEND B T ETIKAT
Sy, Wkl o WEICH LT, 8°~12°L£84°~104°D
KA ET AR TFREANBHEETHL L ERL T
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Wil (F_DE) O 1->hkil >~ Wil L ¢/2
(¢ BHNEEEMA) OFMIZHD, 35 1 >OMER
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Fig. 4-9. Two directions of grain rearrangement at
the central zone in ¢, specimen.
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Fig. 5-1. Solidifying method of Shirasu sample.
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Fig. 5-2. Grain orientation of pumice larger than 5 mm in 1 m? of Shirasu (Nishibeppu).



260 = W

Total grain
count 1091

horizontal plane

Total grain count 977

top
—_ \ line(N27° E)
horizontal ST
Q=-§

3=0.213, k=0.44

Vertical plane

Fig. 5-3. Grain orientation of Shirasu (Nishibeppu).
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Fig. 5-5. Variation of normalized intensity for
Shirasu (Nishibeppu).
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Fig. 5-6. Influence of each Shirasu grain on the
total intensity of light transmitted at the
pOSitiOI’l of (I.L /IO)max.
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Fig. 5-7. Grain orientation of Shirasu (Shomyoji).
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specimens used for direct shear tests.
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Fig. 5-13. Exposed direct shear surface of Shirasu.
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Fig. 5-14. Failure patterns of Shirasu specimens subjected to direct shear (10 x 2.4 cm section).
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Table 5-1 (GRIL /- ko WHMHE L 42,
Fig. 5-15 # & Fig. 518 {2+ v MiRBR DB R+,

Properties of specimens

dry deﬁsity

saturation degree

(%) (glem?) void ratio (%)
V (NS) 20.8-22.2 1.20-1.19 1.01-1.03 49.7-52.0
Shirasu of V (EW) 19.2-21.1 1.20-1.17 1.01-1.06 45.8-48.0
Nishibeppu H (NS) 22.3-24.3 1.18-1.14 1.04-1.11 51.7-52.8
G,=2.411 V (V) 21.9-24.3 1.21-1.17 0.99-1.06 53.3-55.3
V (NS) 11.2-14.4 1.07--0.93 1.20-1.53 21.9-22.1
Shirasu of V (EW) 10.8-12.8 1.01-0.92 1.33-1.55 19.1-19.4
Shomyoji H (NS) 14.8-17.1 1.03-1.02 1.28--1.30 27.2-30.9
G,=2.349 V (V) 14.6-16.7 1.04-1.03 1.27-1.28 27.0-30.6
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Fig. 5-15. Effect of grain orientation in horizontal Fig. 5-16. Effect of grain orientation in vertical
plane on direct shear tests of undisturbed plane on direct shear tests of undisturbed
Shirasu (Nishibeppu). Shirasu (Nishibeppu).
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Table 5-2. Analysis of variance
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LK VMG OMEY Y 5 2AORE, KN
BRUOGK®D 3 BNTHBN LR TRERD
BEMRKT, K, AKKTEDICHAEELRL,
CNSOBROMUMERLREN. TDH B Wik
MDA % AN & L 72 8% 52 o # &0t Table
52 TH%. Table 5-2 HSWEFIFDY 7 X TlRE
Wi H IOt WS OEERESMAFELZ WD, EW
FDY 3R TRTMBOAEENOLKETHOND.
COBEDOKEBOEOKRE T3 VINS)EV (EW)
=V(V)>H(NS) T, Fig. 5-18 12k 2 & V(V)
Dt WmEid HNS) O 1.44%12:84 5. TOMWX
DETRBRIZE L TEALEKETe SN S8R
LaEN, & WimE oA Table 5-3 10733 &
SIKEKBOMARIZE A > THS L EBHAICH S,

SV SS df MS Fy

m 36.0880 1 36.0880 1603.9%*

D, 0.0964 1 0.0964 4.3
Shirasu of Nishibeppu D, 0.0338 1 0.0338 1.5
(pumice flow deposit) Dy 0.0075 1 0.0075 0.3

e 0.1794 8 0.0225

(e) (0.3174 11 (0.0289)

t 36.4054 12

m 43.5597 1 43.5597 1523.1%*

Dy 0.6474 1 0.6474 22.6%*
Shirasu of Shomyoji D, 0.0208 1 0.0208 0.7
(lacustrine deposit) Dy 0.5476 1 0.5476 19.1%*

e 0.4561 16 0.0286

(e) (0.4769) 17 (0.0289)

t 45.2316 20

difference of V (V) to V (NS) and V (EW)
difference of H (NS) to V (V)

Table 5-3.

difference of H (NS) to V (NS), V (EW) and V (V)

Influence of water content on directional shear strength of Shirasu (lacustrine deposit)

direction of water content dry density . . saturation .
shear (%) (gjcm?) void ratio degree (%) stress ratio

1.32 1.04 1.26 2.5 2.09

H (NS) 16.59 1.02 1.30 30.0 2.07
23.22 1.05 1.24 44.0 1.81

49.11 0.93 1.53 75.4 1.68

6.27 1.02 1.30 11.3 2.59

V (V) 16.55 0.99 1.37 28.4 2.38
25.67 1.01 1.33 45.3 2.18

48.01 0.95 1.47 76.7 1.83
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OP : vibration direction of wave front
emerging from polarizer

OV: viewing direction,

n., n,: refractive index
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Summary

The problem of measuring the grain-orientation having somewhat significant influence on the mechanical

properties of soil consists actually of the two interrelated problems, that is. the one is to prepare a specimen which

preserves the fabric of the original sample, and the other is to examine the properties of grain which quantitatively

express their geometrical arrangement. As the preliminary steps to solve these problems, gelling-time of epoxy

resin (U-Loid) was utilized to solidify the specimens sheared to different points along the stress-displacement curve,

besides this the birefringence of grain-aggregate was employed to measure the grain orientation. The conclusions

obtained can be summarized as follows.

The circular normal distribution function is introduced for a model of grain-orientation. This model leads

to a relation between birefringence ratio (3), which is to be defined by the ratio between min. and max. intensities

of light passed through that model, and the variable of function (k) which expresses the degree of the grain-orien-

tation. From this theoretical relationship, the grain orientation is fixed to be random when k=0 and the bire-

fringence-ratio takes the value of unity. When k= oo, birefringence ratio takes zero, with a perfect parallel orien-

tation. Intermediate values of 3 are to be associated with aggregates whose degree of orientation is less than the

perfect orientation. Since another relation of grain-orientation expressed by the vector strength (a) is given by
0<ax<! for 0<k< oo, the mutual relationship of 3 and 4 is 1232020<k<020<a<1. This theoretical
results are to be restricted to the grains having the optical axes coinciding with the crystallographic axes, and the

limited experimental data can be used for illustrating the behaviour of the grain during the shearing.



