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Soft X-ray Digital Radiography for Soil Structure: Measuring of Particle Size of Glass Beads and Sand
Toyokazu HIROZUMT', Toshihito KUROSAWA? and Hajime NARIOKA'

Abstract : Particle size is one of the most important
factors to determine soil structure. In this paper, mea-
suring of particle size of soil by using Soft X-ray Digi-
tal Radiography (SXDR) was examined. Soft X-ray im-
age of glass beads and sand of some kinds of particle
size were taken, and analyzed by statistical methods.
Arithmetic mean, median,standard deviation and coef-
ficient of variation of gray levels of pixels in the im-
agewere calculated. As a result, it was observed that d,
particle size of samples, affected gy, standard deviation

of gray levels of pixels in the image. The oy increased

with increasing the d. In addition, correlation between
the d and the oy was affected by the number of pixels

which was used to calculate o,. This fact provides us

measuring of particle size of soil by using SXDR. To
measure of particle size by using the method, sufficient
size of image was demanded.

Key Words : Soft X-ray Digital Radiography (SXDR) ,
soil structure, primary structure, glass beads, sand
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Model of X-ray transmission of different particle size
specimens.
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Figure and dimension of specimen container.
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Fig. 3 ERMOBEF L.
A scanning line on soft X-ray digital image.
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Algorithm of soft X-ray digital image analysis program.
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(g)) TIZE M 02~30mm 2B W T, K £0.850~
2.000mm (Fig. 7— (h)) TIZEAM 05~30mm 2BV T,
W7 =) TIRIFA R VDL AL

DEoZ ehn, B oWk X {5 o5 RO
BRI IR D ), FORBNERERETR E VIE
EREL, BRI ERNDbh oz 2 NI
X, AIAE =X LT, RERBHEORRKIZL D
ZL DFEME S ZEATVWDLZ b o7z, 2T,
HTAE = APETY— L RNEOR T2 5% 5 DI
L., Nidd 5 #PIZH5AG LRBEOR T2 5% 5720
ThHbEEZT.

4. 3 EIREDER & REZ{LOERM

Fig. 6 (a) ~ (h) ORERREOZLICH LTI N
)& 7T NENT R EH L 72R R % Fig. 8 12" T. Fig. 8
—(a) ~ (h) DFTRTHZ T 7IZBWT, Ml =
OFEE h(mm) %, WWICFOEEDEINYF T T A
y (B) 2R7.

CINYFTTARMICE > THEONIZI VB LD
YIOWTRE, FREFINESREL LBIFEREL
Lolz. Ly IIZoWT, 9 A =X T, K 0.1mm
(Fig. 8- (a)) TB L% 0.05mm, # % 04mm (Fig. 8-
(b)) THBLX#015mm, K fE 08mm (Fig. 83— (c)) T
B X Z045mm, H £ 15mm (Fig. 8—(d)) TB L%
0.75mm, ¥.£%30mm (Fig. 8—(e)) TH & % 1.85mm
LR, WEED1/3~2/30fExt 7. F72, JIWT
1%, ¥i£% 0.074 ~ 0.106mm (Fig. 8—(f)) TH X % 0.1mm,
KL% 0250 ~ 0.425mm (Fig. 8- (g)) T & % 02mm,
R EE 0.850 ~ 2.000mm (Fig. 8—(h)) T8 X % 05mm
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Tholz. NIHTE, MEOHMIMZEL L)LY VDl 30 1 os52E—3% HOH
SRAE—X
MEEDS, HFAE—XZHRTNE o, {1 A
LINYFTI LIS > THORLL Y VI, W €
FMOBEER R RDIED T < 7 2 W OB % £
LT3 #7AE=XBLWNHOVTIIZBWTD, 5&3
RERBESKREVIZEL Y IBRKREL BB ERD, & T
FRRIEATK E VI3 L, BREERFIREATE W E % RO mi K H "
DHEEN RV L b o7z, —
4. A BITHRBEDOK X & LBRERAEOEERE 000 002 004 006 008

ERREDIEERE o,

RS 82mm DB ARSI L -5 BT 5% b
(@) HMEt=3.0mm

Wt RECPH DK & & & T OFFHTR GHEPH PN 0 18] 3 5 JBE D
R 2 & OBfR % Fig. 91277 ¥, Fig. 9-(a), (b) ®

w
o

FTRTOZ T 7I2BWT, BN TR & LTk = ] ofisze—x
ELRIEN RO —BE o %, MG 2 O 5 #ipH 2 1 Al
WIZE N5 3T O OREE REE O FEHEAR 2 oy, £20
ZRT. EZ*

79 A€ —X (Fig. 9- (a)) B XN (Fig. 9— (b)) e
DWTNORBEDORETYH, HAHFEFTOHME & DI ;,:
DAL, ZOROMEITEREHRIEL 25 oo

LRVICHER L. o002 A L ¢ < 2mm ® 0.00 0.02 00 0.06 0.08
- . . . .04 . .

pe = E > \TA/X 8 N N %‘ B - i §{‘u R C

illlﬁl“(%k L, MERZENRKEVITE ?)_ Zﬁif E{Jﬂ%} a‘Hj EFREOELEE o,

BT LDMEBKREL o7z, BB, 9 AL —X (Fig. (b) HHEt=57mm

9-(a)) Ti¥ e > 5mm T, Il (Fig. 9- (b)) Tlda >

2mm T, OZEFOWRIVNES K ) ZOMEINIITEEL,

3.0 1 s o
E72, REHEOKRE S LOKE SONFH—HT 5 & fﬁgw—z
Il o7z € d
PEDOZERS, #5 AV —ZTIEB L2 5mm X %20'
Smm b, NI TIEB L% 2mm X 2mm 2L Lo~ % ¥
. . . =
FOBRERICH LT, Z22ICHEETNHEEORERMN # 10 -
HOEHEREZRDLZ LT, AR ELHETE DL i
Zz 7. 00 4 -
4. 5 ERREOERE & 5 REHEOE 000 002  oor o006 oo8
BEEREHRIZ & F 15 R O R EREIE ORBHER A D S ERRENZERE o,
RERFELHEETELDHRL 20, RERFET L oft (c) HHEt=82mm
AR E T2 T TOMKORERAMOLN: Fig. 10 SUHORIE d & DLk (%0 615 O B
REZRD, WMHEORMREF EEEHE O3 M7 oy, WEFEEIZ 21.7mm X 21.7mm.
217mm X 21.7mm T 5728, REESR4 1 O W3 % D, particle size of specimens, and oy, standard de-
) L - :“n L - viation of gray levels of pixels in soft X-ray digital
FRRTRIRFPH L §5 2 & T, HFAE =B LU image. image size: 21.7mm X 21.7mm.

Table 2 B ORAE d & BEEKM GO W ZREOFHERZE oy, DBIRK .
Approximation between d, particle size of specimens, and o, standard deviation of gray levels of
pixels in soft X-ray digital image.

A HHEE t(mm) R RERBA
NI AL =R 30 d = 120680, — 21.8530, + 0.3032 0.9689
5.7 d = 431570, + 920480, + 0.0059 0.9985
82 d = 251360, + 349760, — 0.3500 0.9977
N 30 d = 372970, + 262780, — 0.2896 0.9968
5.7 d = 835440, — 081110, — 0.0352 0.9971

82 d = 167920, — 255600, + 0.0909 0.9985
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W NORER ORI D T Wi e MR T &
LEHWI L7, F7, AEOE SIS AERE(% oMW iR
DEACIT BT 57280, WEEOEWIC X % R bR &
T 3538 B O RHEAR 2= DO R O ZARIZ DWW T 7z,

AEPRLEE & B (5 o T IR B DI 22 & DBIfR %
AEERROWE, T2 b HEAE I L 12 Fig. 10 1R
Fig. 10— (a) ~(c) DTRTOZ I 7I12BWT, Hilix
ZORFOMAEIRIZE TN DT TOMWFE ORI RS
EOREMER 2%, MR L RT. &8, I
DV, WAEHPHORIEL & L7z,

Fig. 10— (a) ~(c) DT XRTIKBWVT, F¥TALE—=X
BLONBOWTIHORE T, dOWRE EDBIT gy
B L7z, 72720, d O¥ERICE b9 o, OB,
KE oML L ORBE t 1B L TR 2572 728 213,
HIGAL =TI, t =82mm ICBVTdDWRIZED
%9 oy OEMEIXIZIZT—ETH -7z (Fig. 10— (c)) 75,
t =30mm 2BV TIRDOHK L & b2 oy DHIED A
T HEMMDDH > 72 (Fig. 10-(a)). —H, NPT, ¢
=30mm 2B VT d DWRIZE B %) oy OBEINEIXIZ
IZ—%ETH o7z (Fig. 10— (a)) #%, ¢t =82mm 12BN T
ik d OWKRE & BT oy OWMEDWAT 2 BD5D -
7z (Fig. 10-(c)). d & g, BRI, Table 2 \Z/R T2
TENENEPTE, WTFhbBOTIHEE L

Pz ehs, REREOBAL LB, RE 0K
X AR O W FE R ORERER A L, W 3D T
BRICHBRLTWL I b otz T ZOBRKRIE,
QWAMEH VA ZLIZE s THEMTE, ZoEMRIZ
WOTELHEE L. ZOEPREHNSLZ LIZE-T,
B O X BG5S RN ELWETE ST LN
LMo 7.

5. 8H1)IC

R TIE, B2 L2k X S5k X 5 1%
ORESATIED REP Y &3 5720, KD
EY—LHFIAC—ABIUBEH VT, Bk X b
BT X BRAEME DWW THET L 7.

F9, K X AEEEB L OEEEE R LWL -
THIS SN BENR L 2WE AR L, H—2HBO
72 FelE L2 B T 7 V0 6, AREEIC & 2R
EOMEER L. ZLT, ZOMGHICEOE, pbk
L, B X BB O ER M o2 bR, 2o fH]
HBLOGHIRER &L ORBBRE RN, #k X {55
WX BRAARWEICHEE 22 EHE B L eSS %
ErEE L7

FORRUTFTOZ EDHH SR o 7.

(1) BERESREWIZE, RO X BRI R
FEOBIR OB EPE B X OCFHIIKRE VW L b
oz

(2) BRI REVIZE, RERFREIHDMEZ o
HZEB ORI EW b o .

(3) Hk X MR RIC R L 22T REPH IS & 5 i#%
BREORMEREL, 5T THITTREHONED
Bk & HICRABICHIL, 2otk WREREDEL
BBEOLWERPIHRT S ehbhot. F/2,
B REHOTEN D LBERE 2D L, O
WD HEICIZITRET 5 2 L dvhho 7z,

(4) Bk X HRIRIC G F 2 SR O R (R 2 & SARbRE
FLOMIIIMD TEHE BRI H Y, WHERED
R ORI E & HIGRBHRERD IS % Z L Af
birofz Frz, WEERIE 2 KB X > TER
TEBLI LD bh otz

INLDOZENDL, o EEMREL KX
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IoT, #5AE-XBIWNBORFHZZWETE

LT ENHLNE ST
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