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Whole surface deformation measurement of triaxial soil specimen
based on digital image processing
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Abstract: An automatic digital image processing technique is presented for whole-surface measurement of specimens'
deformations during triaxial tests. This method incorporates digital imaging techniques and computer-aided analysis to assess
the deformation throughout a triaxial test. A detailed description of hardware as well as other equipment is provided. Regulated
power supply along with a darkened chamber is adopted to ensure the stability of the lighting environment. Data analysis
methodology including distortion correction, pixel equivalent normalization, strain field calculation and data splicing is
provided. The calculation of strain is based on the assumption that in each neighborhood of time and space, specimen only
deforms along radial. Finally, the advantage of this whole-surface deformation measurement in analyzing deformation
localization for triaxial tests is discussed through results obtained from drained triaxial tests on saturated sand.
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Fig. 1 Digital image measurement system for tri-axial tests
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Fig. 2 Image of corner point gray coverage

2 EFREERMNERIEI

P 1B 5 2R 28 e 2% I AR R T (K AR TR A
K Ot BR A BT SEOL MR DRE: X AR K
AT ASEIE; WA E I 5 1 Js 4 3 A vh
SAPRE I 2L Ry AT 3 ERSy s RIS 3 E B Ak
AT R F RISV ) S RS
PRSP DLURRJA NN AR .

(1) WA {E IE

R BFE T =l s ' 10X S 8L AR 0 T e A~
LT =S 7 2012 et 157 N S 3L PR EE 2 5 S N
(1) BT A L P R A Fr A 1 . MR AR 18 1R ik
AIRZ, MIEEE LR 73 B TR G A AL
R R,

S PGS B (0 5 T UG v 1 ) H B g e
MERR TR IS 2 A0 bR, IFSE N HARRR G Tl I e
A H s e B T RSR AR AR TR R B ISR VERE L
s RIS RO SRR E o 5 T g
PURI SRR | B SRR 22 1A ST A AR
LRV AR AL o ST 5 TGRS RS 7R A8
RURetE, HAE Tk ERA b, (RisS R
{3t o

ASCR IR AR 2 Bk WA, T2 T2
S ARE T, RARERAEI T

PSR AR LA £5% B A o R B 20 A1 2 50 1 A id
wo CRHARREIRE T A ERT B, Tl S G
JIREFE SR S HORM e WAL 73 AT IR bR e AR
FERF AR E R (B 3D, AR B BT 5 ENRIAE I

FERRBIEE L bR ic 23 A AR TR PR AR I o, 0 AE 5 SE B
WA [ AEE T CGHIEIEE . BT &%
YORIE R I, A AL AZ ] R =k 2 Ak B4
T(ry=ar’ +br+1, XS4 a, b kT EHGILLZT)
W AR e K KRB B IE ST, 33y AR o] fHEE] 0.2
MEFELLF,

X FTEERIN . AERGIE RS T EA T
AR R N AR, RIAHX R,
a3k e A WS AR AE TSN AR IR ORREE L&A R4
RZERR

(2) BFEHEAL

BRIGAME IE AN, I T80 A E s AT & IE
Bfg 0. TR EETIR, A7 Tlhe
RRBIAR B S AR, UG M B S A
lo FEVHE NV AR, Tk S BRI T B R ek
FURA Bt SR R 7 B ST IR A 2 %5 AN R4
PR R, ARG, A s AR SR AR
A, PR BIG R R, KIRE . SRR
YIS T RE RS P NV

E 3 SHERER

Fig. 3 Image of distortion target with high precision
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Fig. 4 Locations of initial corner points and the ones after
distortion
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Table 1 Basic parameters of soil tested
:I:ﬁg*q]% GS emin emax pﬂ/(g : Cmi}) CLI CC
VRS YR 2.38 0.792 1.286 1.167 5.5 1.3
UL 21 8/ %o
60~20 mm 20~5 mm 5~2 mm 2~0.5 mm 0.5~0.25 mm 0.25~0.075 mm  0.075~0.005 mm  <0.005 mm
— 0.86 1.08 0.31 5.80 42.88 46.69 —
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Fig. 8 Specimen images and corresponding strain field maps at

different deformation stages
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