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Application of digital image processing technique to measuring
specimen deformation in triaxial test

SHAO Long—tanl’ 2, GUO Xiao-xia" 2, LIU Gangl’ 2, LIU Xiao*
(1. State Key Laboratory of Structural Analysis of Industrial Equipment, Dalian University of Technology, Dalian, Liaoning 116085, China;
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3. School of Civil Engineering, Shenyang Jianzhu University, Shenyang,, Liaoning 110168, China)

Abstract: Application of digital image processing technique to measuring specimen deformation in triaxial test can solve a series of
problems about deformation measurement in traditional triaxial test. This paper introduces the development of triaxial image
measuring system, which can be divided into three stages: (1) Digital image measurement system based on edge recognition, which
determines the radial deformation of soil specimen by tracking the changes of the edge location and axial deformation of soil
specimen by identifying the white mark line. (2) Digital image measurement system based on corner recognition, which measures and
tracking each corner point (node) position, and obtains the displacement of soil surface node at any moment; we can obtain the
displacement (deformation) field and strain field of the soil surface by using the finite element technique. (3) Whole surface digital
image measurement system, based on the front surface corner recognition, together with two reflection mirrors situated inside the
triaxial cell, a 360 degree coverage of specimen’s deformation could be achieved using only one video camera. Digital image
measurement system for measuring specimen deformation in triaxial test has the unparalleled advantages comparing with traditional
measurement methods, especially in the research of the constitutive model.
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1
Tablel Axial strain and radial strain at different sections of soil specimens
%
1% 4
3 /kPa
/(g/em”) &, £ &, £ £, £ &, £ £, & &, £
1.99 50 1508 1073 13.01 329 1607 1086 1377 2008 1671 2171 1489  13.99
1.99 200 1500 993 12.43 359 1149 1099 1658 1598 1528  17.54 1395  12.02
2.01 300 1513 925 10.18 3.81 1447 963 1692 1594 1618 1758 1444 1174
1.99 100 1509 1097  12.64 452 17.66 1020 1497 1642 1457 1858 1496 1243
1.97 100 1499 1074  18.89 5.21 1437 1001 1329 1508 1320  19.11 1494 1235
0.89 100 1231  5.08 10.66 296  13.94 6.40 1402 933 1574 913 1359 695
1.66 110 1498  10.13 9.26 284 1488 925 17.17 1628 1695 2127 1456 1241
1.67 200 1502 9.89 12.86 6.09 1665 1238 1425 1821  17.53  19.63 1532  14.08
1.66 60 1494 1028  11.98 465 1845 1157 17.11  17.02 1458 2031 1553  13.39
1.73 100 15.14  11.38 5.52 2.63 9.99 737 1601 1659 1744 2285 1224  12.36
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Fig.3 Shear band failure of fly ash specimen
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Table2 Parametersof Duncan-Chang model for standard sand by use of different measurement methods
pa l(g/em?) c/kPa o/(2) Re D K n Ky m G F
564 0 34.0 0.91 9.2 897.43 0.51 503.73 0.51 0.39 0.09
' 0 33.0 0.98 12.19 1992.05 0.57 954.11 0.61 0.53 0.21
L6l 0 35.0 0.89 16.47 802.05 0.70 567.28 0.45 0.37 0.16
’ 0 34.0 0.97 16.69 1 880.62 0.77 1 020.00 0.77 0.50 0.27
L6l 0 37.0 0.80 24.22 781.99 0.75 537.65 0.43 0.33 0.08
' 0 36.5 0.92 33.93 2 066.81 0.72 760.68 0.76 0.53 0.22
3.2.5
0.2 03 0.5

1.5 g/em’
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Fig.10 Improved marked method
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Fig.11 Diagrammatic presentation for sub-pixel
accur ate location of a corner
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Fig.14 Sandard deviation of each node of
calibration target

3 X
Table3 Measurement resultsin the X-direction

/mm ! ! ( ) fom /mm /%
55.000 431.5290 0.0223 0.0007 549984 0.0016 0.00
45.000 353.0744 0.0224  0.0007 449993 0.0007 0.00
35.000 274.6562 0.0237  0.0007 35.0049 -0.0049 -0.01
25.000 196.1563 0.0215  0.0007 25.0001 -0.0001 0.00
15.000 117.7443 0.0242  0.0008 15.0065 -0.0065 -0.04

5.000 39.1967 0.0233 0.000 7 49956 0.0044 0.09

4 Y
Table4 Measurement resultsintheY-direction

/ / /mm

/mm ) /mm 1%
55.000 431.3428 0.0215 0.0007 549919 0.0081 0.01
45.000 353.0016 0.0239 0.0008 45.0042 -0.0042 -0.01
35.000 274.5616 0.0244 0.0008 35.0039 -0.0039 -0.01
25.000 196.1335 0.0225 0.0007 25.0051 -0.0051 -0.02
15.000 117.7093 0.0241 0.0008 15.0068 -0.0068 -0.05

5.000 39.2519 0.0234 0.000 7 5.0042 -0.0042 -0.08

10 50 kN

10°
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15

16
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Fig.15 Cyclic strain test system of aluminum cylinder
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Table5 Results of representative error values 020+ @
1% 1% '
™ 016 o -
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28
Fig.28 Sampleimages after end-lubricated triaxial tests
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Table6 Summary of strain nonunifor mity coefficients

80 mm
80 mm
80 mm
80 mm
80 mm
40 mm

66 mm

(S R B L N o)

0.29
0.21
0.19
0.13
0.08
0.30
0.19

0.31
0.28
0.22
0.15
0.11
0.17
0.24
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7 - 522
Table7 Summary of soil parametersfor
Duncan-Chang’'s model
© ? R D K N K m G F S=ala
/kPa /(<) [23]
0 350 0.447 3.49 45.88 0.98 19.42 0.87 0.213 0.087
S =
50 0 347 0426 3.04 4237 121 1658 1.03 0.185 0.068
0 345 0417 3.17 40.82 1.15 16.31 0.94 0.194 0.059 §=
0 36.6 0455 3.88 47.53 0.95 18.17 0.97 0.237 0.094 30 46.2 min
85 0 369 0403 3.43 41.68 121 14.85 1.15 0.183 0.063 11.8%
0 37.3 0424 3.35 43.05 133 13.88 127 0.177 0.077
(@) (b)
(1) 46.2 min
(@) (b)
(2) 52 min
(@) (b)
(3) 58.8 min
(@) (b)
(4) 62.5 min
(a) (b)
(5) 72.5 min
30

Fig.30 Sresslevel contour and specimen defor mation figure at different time
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