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Abstract: A testing system composed of pull-out testing apparatus simulating frictional behavior of anchoring solid-soil
interface and the corresponding devices and techniques of specimen preparation are developed to study the real response of the
anchoring solid-soil interface for anchor system under tension, especially to obtain more accurately the whole journey curve of
shearing stress and displacement containing the shearing residual portion. This testing apparatus and techniques are simple and
operable, which can be adopted to simulate the laboratory pull-out tests on anchoring system in bulk under multiple
circumstances. Four groups of pull-out tests under twenty-seven different circumstances are completed on this testing system,
and a novel whole-journey constitutive model for the anchoring solid-soil interface is proposed after investigating deeply the
influences of curing period of anchor solid, pull-out speed and other factors on the interface shearing strength. The results
indicate that the interface shearing strength increases slowly after curing for fourteen days, that the pull-out speed affects
slightly the interface shearing strength in the range of 0.1~2.5 mm/min, and that the proposed constitutive model for the
anchoring solid-soil interface is able to give calculated curves with good agreement with the test ones.
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Anchoring solid-soil interface behavior using a novel laboratory testing technique
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Fig. 1 Schematic of pull-out of specimen
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Tablel Compaction test results of soils

B wi% 11.6 138 164 18.1 205
T35 % py/(grem ) 178 1.82 189 185 1.78
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Fig. 3 Grading curve of soils
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Fig. 4 Principle and picture of specimen preparation devices
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Fig. 7 Pull-out testing process
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Table 2 Test conditions and results

TP
% e
. TE o i YL gy
P o T O A
. -3 -
flgem?) <. 0 o, W Ammmin) - /kPa
/(°) /d

Al 16.2 454 20.6 19.7 3 1.00 34 586
A2 16.5 43.0 19.8 205 3 1.00 2.8 51.8
A3 16.1 46.7 17.0 204 7 1.00 23 552
A4 16.0 426 174 204 7 1.00 2.8 6438
AS 16.5 475 182 202 14 1.00 25 832
A6 16.1 43.1 17.2 202 14 1.00 28 704
A7 16.2 458 189 20.1 28 1.00 24 88.0
A8 163 443 185 20.0 28 1.00 24 708
B1 169 412 18.6 189 10 1.00 1.6 655
B2 17.1 439 17.5 18.8 10 0.50 2.7 589
B3 17.0 425 17.2 18.6 10 0.25 2.6 50.1
B4 16.9 403 194 189 10 0.10 27 494
Cl 145 358 248 16.7 14 2.50 2.1 93.0
C2 15.0 327 243 164 14 2.00 2.1 719
C3 152 323 239 16.6 14 1.50 1.8 882
C4 147 356 21.8 165 14 1.00 1.6 91.0
C5 154 363 225 164 14 0.50 2.8 1014
Co6 150 349 212 165 14 0.10 2.6 998
C7 145 328 222 16.6 14 1.00 2.5 109.9
C8 15.0 356 24.0 163 14 1.00 2.6 108.5
D1 16.4 467 247 18.6 14 2.00 1.7 114.1
D2 16.2  43.0 265 189 14 1.50 2.7 138.6
D3 16.0 443 254 184 14 1.00 1.6 143.2
D4 16.5 47.6 24.8 19.0 14 0.50 1.6 130.3
D5 164 458 279 188 14 0.10 1.8 114.8
D6 16.1 44.6 26.8 189 14 1.50 2.8 126.8
D7 16.0 439 274 18.7 14 1.50 2.1 1134
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Fig. 9 Relationship between shearing strength and curing period
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Fig. 10 Relationship between shearing strength and pull-out speed
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Table 3 Statistical results of physical and mechanical properties of samples

m Wi Cm n St m/
/(g~yg’m’3) I /(ge) % Yo mm % W
AfOK 1624 0185 0011 2019 0259 0013 4480 1831 0041 1845 12810069 268 0358 0.134
BHK 1698 0.096 0006 18.80 0.141 0008 4198 1.569 0.037 I8.18 1.0140.056 2.40 0.535 0.223
CHk 1491 0323 0022 1650 0.131 0008 3450 1.625 0047 23.09 13230057 226 0427 0.189
DR 1623 0206 0.013 1876 0207 0011 4513 1635 0036 2621 12670048 2.04 0.513 025
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Table 4 Comparison between normalized results and calculated curves for each specimen

TR Al A2 A3 A4 AS A6 A7 A8 B1 B2 B3 B4 Cl C2
sefs;, 1.271 1.047 0.860 1.047 0.935 1.047 0897 0.897 0.667 1.125 1.083 1.125 0.928 0.928
7/t 1062 0938 0920 1.08 1.083 00917 1.108 0892 1.170 1.052 0.895 0.883 0.974 0.753
r 0.989 0.965 0.957 0949 0992 0974 0983 0.987 0973 0987 0975 0.934 0.960 0.920
G C3 C4 C5 Co6 C7 C8 D1 D2 D3 D4 D5 D6 D7 Py
s¢/s;, 0796 0707 1.238 1.149 1.105 1.149 0856 1.360 0.806 0.806 0.705 1.410 1.058 1.000
T/t 0924 0954 1.062 1046 1.151 1.136 0.906 1.101 1.138 1.035 0.912 1.007 0.901 1.000
r 0978 0.959 0.939 0976 0.961 0.959 0986 0991 0.996 0993 0971 0986 0978 0.971
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Fig. 11 Comparison between computed and measured curves
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