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Geotechnical physical model test using artificial
synthetic transparent soil
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Abstract: By combining the technologies of particle image velocimetry (PIV) and close-range photogrammetry, a procedure for
geotechnical physical modelling using artificial synthetic transparent soil is developed. The soil deformation caused by the shallow
foundation settlement (SFS) are measured and recorded non-intrusively. The conventional model test using natural soils is employed
for the purpose of comparison. The transparent soil is made of a pore solution, the refractive index of which is matched with the
refractive index of fused quartz. Transparent soil model is sliced by using a laser light sheet and digital images of soil deformations
caused by SFS are captured. The MATLAB-based software, Geo-PIV, is employed to obtain the generated displacement fields. The
results show that the SFS-induced disturbance zone is enlarged in transparent soil, the maximum shear strain expands by about 1.5
times, and the range of surface heaving increases by 30-50% in transparent soil compared with those in natural soil; however, the
movement trends of soil elements in transparent soils are generally similar to those in natural soils, indicating that the proposed
modelling methodology has applicability to mechanism study to some extent.
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Table 1 Properties of fused quartz, Krystol40, and Puretol7
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Fig.1 Effect of refractive ratios of pore fluid on
transparency of transparent soil at 21°C
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Fig.2 Schematic diagram of experimental setup for model
test using transparent soil
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Fig.3 Transparency detection chart seen through 51 mm
thick transparent soil model at 21 ‘C (Note: presence of
glass beads in model to enhance speckles)
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Fig.4 Schematic diagram of scattering speckles

BEAAFT Ve F00 28 5T R FH 16 4% 3l 4 1) 2524
LACTI10P-12V-20, HA)JjkyET 12 V TR E 1
b, RSB R R B U, O B SR A
KW BALS)#NIE ),

TARMARTE R FER F JE HE D3200 AHALIEEAT A
B, HREIEING R 2 400 Ji52, MG Sk
15 HAAAR B 275 mm, AHBLHAEER
FERELT AN S3oh, 20 Ni 2 i 57k
VRN EE Sk, AT H T AR T
32 RRHEMSE

N T RIS B AR IR AR, AR
WHAT T R - RN, BRI (132 0 R R
SRS LRI AR A AT, WP 5 Fvs . AR i 3k
BRI R SF ol Kox B8 x i =50.8 mmx12.7 mmx
25.4 mm, BERITERE R 20, REHE I LRIK
SR - B E R AAE 89~90 mm 2 7], 5 SR AE

100
80 |
60
—=— EU+

40 —— KRR+

20 1

ANTRRARR LKA R %

1 1 Il 1
A

O ]
1.0 08 0.6 0.4 0.2 0.1

FitE/ mm

B 5 BRI T HIROR AR £k
Fig.5 Particle size distributions of transparent
soil and natural sand




3160 b +

70~80%.2 [ o FH T FT R A R TR S RS 78 (1 44
BEA SRR AN B 50, DAL, AR BB T
WP 2 s R AR — U ) - AR AR

T4, EFE W ARG, A ) A
HIARH, Wil 2 s 6T RARED L AR,
DI P 2 5 AR A Py BB () S AR A A

TEWR AT B G, FRIERY 5 1L 3 25 4
U, 0 A T 19035 W) - R AR LIt 21 L
PRI R LA BARFR R 127 mm, AR 5
4 0.635 mm. PRI, ARSI T 21 MEHE.
EAFH R AL, 3% B AR 5 7 R IS ) B B
HBEAT, DA AE B O I AT iR AR
BRI 75 A G B R B AT
3.3 EGaBmAK T EENE (PIV)

A SCEE AR B IIGE (PIV) RN S HERE K
VR IE RS ) LR AR . Geo-PIV J& H
White VR JE TR, AR R LT
48 (1) RO XA T MRS, B 6 s,
ORISR PR HEAT PIV VBRI A% T 35 5
(3) AR FRANR RN YRR (4) HUSEAk
WA RN RN AR o

e ARAR/ 1R

11X 32k

0 1000 2000 3000 4000
IRAP-AERR 153

B 6 Geo-PIV HHISEIPIERIS
Fig.6 Typical meshes of Geo-PIV patches

FEAR R A R, 375 B - RS R AT S 238 %0
AABREEARAT— B IR, Wil 7 s, fEAam s
W CD=C,D, , fifEAE T IE W LA i,
AB< A,B,, WL, TEARFREEHLIN TSI NI 345
ERHL ko

TEATIAM A, AR R FTRIR A

CD, CD, AB,
77 = = =
CD C,D, A,B,

Q)

FEAEINHEN] L, AABREHR R My WA

o 2015 4
AB  AB
(e e (2)
T s g
Sorb, P EAE IE RE & AT AL AE
AB, 1
CAB  I—(h+h)  h+ cos’ o

4
n

! *(nZ/n')z{l_nnsmzar

(3)

e 1 Bk BISEYNH E EE 2, =275 mm;

hOiEW IR, h=254mm; A ARSERUREEE ()

REJZ, i’ =12.7 mm; n R 3% L 3T, n=1.458;

n' BERIRE R, o' = 1.488; o AW A4

Lz Je s, a=—-15° ~15° . #EARX 3 1

TSR, Ma N—15° AR 15° I, & {EM 1.043

ALE] 1.049, MURSCHRA TFIME 1.046 1E 4T
WERMEIERE, BIEERn {50 0.039 82,

[SEEAT]

B 7 IR AR TR
Fig.7 Effect of refractive indices on coordinate
transformation

4 I a5 R

4.1 BRI T

K 8(a)FI(b) 43 il b kLRI FT Ve &8 21 IHAE
FEW LRI b 5 R ) B R ) &, K 9(a)
F(OY 53 R 5 B (O B S B LR . MR E, iE
I L FRARED L 1K) AR T IS S AT . 4R
MM, 32 W A P IR O 5 1 P 3h X 2 B
FEFRIR LIRS 2, W 9 FioR, HEal e,
375 W P R X O R AR R IR 1.8 £ A A
X FACEFWAE 1.3 {52547 WRERE, 1EiE
WA A=, SEUT R SRR SR 0 A G B gy R
e AR O R IIE s A R L, A



11

FE) S MR LA BB Y 1A B 3161

X AN B A () b A T ) K i 1) E 2 sh
P TEEBSRIAI L 20 DIAMARIRP, 3 H 1

0NN \§§§§;\§Qgg:;,
S NN o5
1 Fsinsas SNNANAY \\ IR
HE sssssN\\:;&t:
N e \\t'\‘ti\\%
I
4_ \‘_\W
~
=S
6-
2L
8
9 F
10 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
1413121110 9 8 7 6 5 4 3 2 1 0
X/L
(@) EH+

P/ W R N e TR N Il SR 3 2 2
ffrizzhias, HARZ BRI U B RIS

0r '-::'::::::::::ttiii\\k\\\\‘\\;\g
1 sun e
VNN -
2F IR
N
3k - - -7
gl
o ¢ FrEsnfiencuscisiuissimiimssiesin:
O R TR TRRTPRLRR Y
e Lo
7k
B [frz e s mans v e s e
O S EE R EEEEEEEEEPHEEEEEE S
10 !

1413121110 9 8 7 6 5 4 3 2 1 0
X/L

(b) R+

B8 S=2L H7EEWLNRKW L5 RNFBRCBHEE

Fig.8 Accumulative displacement vectographs in transparent soil and natural sand as S=2L
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