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Soft X-ray digital radiography for soil structure:

“area density of soil” of fine sand, silt and clay

Toyokazu HIROZUMI', Toshihito KUROSAWA? and Hajime NARIOKA'

Abstract : In this paper, authors proposed "Area Den-
sity of Soil' (ADoS) which was a new concept for soil
structure. ADoS was defined as weight of the solid
phase per unit area. In addition, authors investigated
how to measure ADoS by using Soft X-ray Digital Ra-
diography (SXDR) . Increase of specimen thickness
and dry bulk density increased gray level of pixels in
soft X-ray digital image. Increase of ADoS also in-
creased average of gray level of pixels in the image.
The approximate expression to estimate ADoS from
average of gray level of pixels in the image was a lin-
ear function. The values calculated by the function
were fit in ones measured. This fact provided us a
measuring technique of ADoS by using SXDR.
Keywords : Soft X-ray Digital Radiography (SXDR),
Soil Structure, Area Density of Soil (ADoS), Specimen
Thickness, Dry Bulk Density
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Specimens.

Specimen  Particle Size(mm) Particle Density (Mgm™) Water Content (kg kg™)
Sand <0.074 2.68 0.004
Silica Powder 0.019 (median) 2.67 < 0.001
Bentonite 0.010 (median) 2.72 0.080
Kaolinite 0.005 (median) 2.74 0.003
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Effect of specimen thickness on gray level of pixels on scanning line on soft X-ray digital image. ¢ is specimen
thickness (mm), p is dry bulk density (Mg m™). (S) sand, (Si) silica powder, (B) bentonite, (K) kaolinite.
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Effect of dry bulk density on gray level of pjxels on scanning line on soft X-ray digital image. ¢ is specimen
thickness (mm), p is dry bulk density (Mgm™). (S) sand, (Si) silica powder, (B) bentonite, (K) kaolinite.
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t, specimen thickness and g/,, average of gray levels
on scanning line. A sand,  silica powder, [] bentonite,
B kaolinite.

Table 2 FRHE ¢ LB E oYWl 3 RERE gl, OB
23X (Fig. 3). 7 3Rk

Approximation between # specimen thickness and g/,, aver-
age of gray levels on scanning line (Fig. 3). 7 coefficient of
determination.
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Table 3 WZEREEEE p & EAEHE 1 O P51 iR
Bt (Fig. 4). 7~ 3P %k o
Approximation between p, dry bulk density and g/,, average
of gray levels on scanning line (Fig.4). % coefficient of
determination.

V£ s R it gl

2

Specimen Approximation 7 Specimen Approximation 7
Sand 0l,=0.0433 t +0.0250  0.999 Sand 9/,=0.1539 p +0.0917 —
Silica Powder g/,=0.0403 ¢+ 0.0182  0.997 Silica Powder ¢/, =0.1501 p + 0.0527 —
Bentonite 9/,=0.0374 t+0.0150  1.000 Bentonite 9/,=0.1685 p +0.0498 —
Kaolinite 9/,=0.0264 t +0.0299  0.998 Kaolinite 0,=0.1528p +0.0254 —
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Approximation between f, specimen thickness and gy, stan-
dard deviation of gray levels on scanning line (Fig. 5). # co-
efficient of determination.
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p, dry bulk density and oy, standard deviation of
gray levels on scanning line. & sand, <> silica powder,
[ bentonite, Il kaolinite.

Table 5 HZJERBEEE p & ETHR L oD ] 32 8 BE R 3 1 o 2 e ff 725
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Approximation between p, dry bulk density and oy,, stan-
dard deviation of gray levels on scanning line (Fig. 6) . 7, co-
efficient of determination.

2

Specimen Approximation 7 Specimen Approximation 7
Sand og:=0.0017 £+ 0.0026  0.949 Sand 0gx=0.0288 p — 0.0213 —
Silica Powder gy, =0.0011 £+ 0.0042 0.935 Silica Powder o4, =0.0108 p — 0.0043 —
Bentonite o4, = 0.0009 ¢ + 0.0055 0.980 Bentonite o, = 0.0079 p +0.0008 —
Kaolinite g, = 0.0006 £ +0.0040  0.970 Kaolinite 0y =0.0036 p +0.0041  —
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Result of FFT analysis for gray level of pixels on scanning line on soft X-ray digital image. ¢ is specimen thickness(mm),
p is dry bulk density (Mg m™). Straight lines are collinear approximations.



B IR0 7200 W X R (i 9

INOLDRREFLEDDE, UTOEB)THo7.

(1) BciE, WMERELED2BEQHIMEL -
W5,

(2 YWF-RYFFA D AFYFA PTIE, EHERE
JEZALIZ R Z L.

HIGAE—=ZARWO &) AR EORECIE, W&
CMBEREOEHIFICHEE MRS -2 (BEES
2011b). LA L, AfwTH 7228 LI OB 3k T,
T SR B DO BRI e d e <, IR AL D
JHIEICZ Lo 7z,

B—RRE VBT, WA R R RO %
LIt EZ 52 2 KREGERTHLEEZ OGNS, L
L, K THWZRABDOI L, YV bRV MFA -
HA Y FA L OFRRFIT TS RGO TR L %
LMW FETH0.0212mm X W /hE ol Lzdo T,
% X MBI T, RS ORI ORF OBITFI 2L
2 ONT, ERREZICEANEIANE»ro 2L
EZobNb.

4. 3 BRBREDRE—21

Figs. 1, 2 @ gl, DZEALIZIE WL O DE B DD - 72.
7ol ZE, BRI gl 2SEEEI O gl, XV R
Wb o, WIZERE T E O gl 2SE R ER O g, X D
Bwd o, AELmE ITARO o, BEATH O gl, &
NEVWLDRETHSH. ZHFHBOFTHER 24 U2
PR B ORI — ML B2 505 (FRIES
2011a).

ZZT, BFoEEE VT ERESLE =R
BERCEFRR L, BRX MR AT S BT B S B A

Table 6 7-F(T) &M & F(T) ofE#ERZ (Fig. 7).

DA —P2 WAL L7z, BT o0 HE Tk X S 4
ZOET BHEF ORI X o TR Z AL T X 5 iR
B AET B2, EINYF TS AEIICE 5T
WY AT iR R 72,

ZORER 2 WO - S T LM L C Fig. 8 IR
. BRI EER OMEEE 2 mm, #EEEEI NS5
Ly (h) TH5.

LINYF T T A THREONIZL Y VIF, BT
<025 YU -XRYEFFALL - AFYFA T
h<01ThHot.

HRX MER OB R E O — % X ) BT
b BT CELRY NS TH DT F
Lwv., AL, BTN hae, x0Tk
WRRPMFHLOTH, KX BEEICEEIFNMELE
PR TERLS LD, €INYFT I LEHTIET—%
MOMEREDbNLEHEZL Y VELTWAE. Thbb,
WEBOWEEELGE I NY F 7T AEHTTRDIZL VL
EThNE, NS OMmFEM ONEEREFE I AR ELS
B, ENEFNWHSL LT =2 L LTIRH) TENTES.
L7285 T, BTTHERL Y VU LOTESEIF/AEn
il 53538 & HIE L 7.

COMREET A2, BTFTEE% 12 pix (0.25 mm) 12
RE L7082 TR T O R R Al %
Kb, ZRICHERE FICRKR L7, Eo—F% Fig. 9 12K
§. xy PHAEETHK X SEG EOME (v, y), ftiie
DONEE (x,y) 12 BT OFIILEERSTME gl,, TH 5.
o FEAE TR X R (R A S M v mm, v FEAE I3k X
PR R L2 SHEE ymm Th D, /2, Fig 907 S

Approximation of T-F(T) and standard deviation of F(T) (Fig. 7) .

Specimen t 0, 2 Orin),
Specimen Dry Bulk FM=a-logT+p, Coefﬁci;:nt of Standard Source
Thickness Density Approximation of T-F(T) Determination Deviation of  Figs.
(mm) (Mgm™) F(D)
Sand 8.30 1.16  F(T) =0.4978 - logT+0.1585 0.336 0.202 Fig.7-(Sp)
5.65 1.13 F@) =0.5478 - logT+0.1692 0.330 0.225 Fig.7-(S,,)
2.90 1.16  F(T)=0.3497 - logT+0.1626 0.258 0.162 Fig.7-(S;)
Silica 8.10 1.33  F(T)=0.1556 - logT'+0.1263 0.147 0.096  Fig.7-(Sip)
Powder 5.65 1.30 F(T)=0.1642 - logT+0.1368 0.167 0.095  Fig.7-(Si,,)
2.90 1.32  F(T)=0.1449 - logT+0.1384 0.128 0.095 Fig.7-(Si,)
Bentonite 8.25 1.02  F(T)=0.1680 - logT+0.1324 0.155 0.101 Fig.7-(Bp)
5.85 0.99 F(@)=0.1583 -logT+0.1417 0.129 0.104 Fig.7-(B,,)
2.85 1.00  F() =0.0986 - logT"+0.1516 0.056 0.099 Fig.7-(B,)
Kaolinite 8.30 0.94 F({)=0.1686 - logT+0.1175 0.204 0.088 Fig.7- (Ky)
5.55 0.96 F(T)=0.1282 - log T+0.1265 0.135 0.082 Fig.7-(K,,)
2.90 0.98  F()=0.0603-logT+0.1464 0.027 0.085 Fig.7-(K,)
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7o ZhuE, RBEREROZEEDICE o TEUEE
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ELTHNELEZONS, $72, WThORETHHk
X WG D FBIFERD gl,, B 72, ThiL, K
FEHIF GBI A 2 O AR R L T2 22 & B o 4k
BITH) S ENTEY, EHHEEPK Lo/2720TH S
LEZLND.

Fig. 9 ® S;;, By, THA L Nz IeEB o 7 233k kL
BEL D B gl DTEWEIANZ Fig. 1 ® Sy, By l2BWT

LMEFRTE /2. LaL, Fig 9D Si;, Ky THALNG
FELARER D T SRR R B X 0 b gl AV E I
Fig. 1 ® Si; TIZHEFE T & 7225, Fig. 1 ® K, TIIHEZE
TE Lol UL, B L OWRREE(LAHE
D Z DD OWRIREE DEALICHAR TR E o 7272
DTHBHEEZEZONS.

4. 4 BRTE & THRERTE

INFETOmEDS, TR X R W
FORTr— B I UK X BEREEDO R 7 — IV DWg
NTHRE—IZHMHLTVWBE I ENbhrol. £2T,
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BITH 2 BB OWTHET L 7.
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e O3 B R A & O BFR % Fig. 10 12”9, M
AN DO —BOFE S amm, HEfdZ QBN O
TR g, TH B

Specimen Tickness
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@
.....000.00000'0°°°0"° ..0-000000-0000000"°'0 00000000000 00000000000
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N
Q0
10 i i =
3.
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h, Distance between 2 Pixels (mm)

Fig.8 £ 3INYF 75 AR OBAEER. Ko tiZAH0E S (mm), p 3EEEE Mgm™).
Result of semivariogram analysis for gray level of pixels on scanning line on soft X-ray digital image. ¢ is specimen

thickness (mm), p is dry bulk density (Mg m™).
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Fig. 9 #k X MEIRAI BT 2 RERFMEO ARG, Kbo (3B 0E S (mm), p i ZEEEMgm™). (Sy) B,

(Sip) ¥V bk, By XY bFA L, Ky A+ FA b,

Spatial distribution of gray level of pixels in soft X-ray digital image. ¢ is specimen thickness (mm), p is dry bulk
density (Mgm™). (S,) sand, (Si,) silica powder, (B,,) bentonite, (K;;) kaolinite.
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Specimen Tickness
High Medium Low
0.42 (Sw) t=8.30, p=1.16 (.28 (Sw) t=5.65, p=1.13 (16 (S1) t=2.90, p=1.16
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a, Length of Each Side of Analyzed Area (mm)

anuojuag Japmod eol|is pueg

ajujoey]

Fig. 10 ATNRFEFAO—DOR S ¢ & TIRERHM g, Xho 3R OEE (mm), p FEEREE Mgm™).
a, length of each side of analyzed area, and g/,, average of gray levels of pixels in this area. ¢ is specimen thickness (mm),

p is dry bulk density (Mg m™)

uawioadg

— 15 Table 7 TIEWREE p, &Ik X M5 0PI EERERAE gl D
‘e B (Fig. 11). 7 1Z8E R

o > Approximation between p,,area density of soil, and g/,
= o A average of gray levels of pixels in soft X-ray digital image
35 10 F ah (Fig. 11). 7 coefficient of determination.

3 < 2

5 y‘ﬂm Specimen Approximation 7

> [m] p

= 05 | Sand p4=27939l —0.9324 0.9979
@ .

a Silica Powder  p,=34.94¢l — 0.9989  0.9981
© _

g 0.0 Bentonite pa=27.629l —0.6225 0.9971
N " 0.00 0.25 0.50 Kaolinite pa=35.17gl — 0.8572  0.9915

gl, Average of Gray Level

Fig. 11 13EMFEE p, &k X SRR AR O VIR LR
HME gl AR, OV, OXY M4 BIF)F
A b.

p 4, area density of soil, and a average of gray levels
in soft X-ray digital image. & sand, < silica powder, []
bentonite, Il kaolinite.
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Fig. 12 Wk X BRI & 5 TIBEHE p, OWER. KA O &R0 S(mm), p 1 3ERHEMeg m™). (S, (Siy)

IR, By XY MFA L, K AFVFA L.

Measurement of p,, area density of soil by using Soft X-ray Digital Radiography. ¢ is specimen thickness (mm), p is
dry bulk density (Mg m™). (S,) sand, (Siy) silica powder, (B,,) bentonite, (K,,) kaolinite.
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