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Experimental study and model of interface shear stress relaxation behavior
of anchors in red clay
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Abstract: The shear stress relaxation of the anchor-soil interface is the key factor causing the prestress loss of anchor rod (cable).
Firstly, a device for testing the shear stress relaxation of the anchor-soil interface was developed. Secondly, a constant interface shear
displacement was applied in stages to the red clay anchored element sample, and the whole process of shear stress relaxation curve of
anchor-soil interface was obtained, which can be transformed to the relaxation curve at each specific loading level by using
coordinate translation method. Then, the theory of fractional calculus was introduced to improve the viscous pot element, and
established the red clay-anchor solid interface shear fractional M|N (composed of Maxwell body and Newton body in parallel)
relaxation model. The model parameters were yielded by regression analysis of relaxation test curves under partial shear
displacements, and the relationship between the model parameters and the shear displacements was also obtained by fitting. Finally,
the established fractional M||N relaxation model was applied to predict another part of the relaxation curve under shear displacement
level. By comparing the integer-order M||N model, the Burgers model and the five-element model (H||M|M), the results indicate that
the proposed fractional M||N relaxation model not only has the advantages of simple structure and fewer parameters, but also has
higher fitting and prediction accuracy.
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Table 1 Physical and mechanical properties of test soil

TARARRT R W w, AR w . WAEKEw,  WRKTEE P o I AR E,
P Y e P NS AR FR

G Jo Jo WAPESREL 1, Lo (g~ ) A FREC, MERHC,  MPa

2.693 57.3 33.8 23.5 25.5 1.58 15.0 1.29 2.77
100 o, BN RS AT T BEBLIT INBCTAN, 1 22 T2 181 E T,
ggo \%\ BRI O Bl g A Jats LA SR T AR B TH o At Jk s
E \ ST A S ALy ) AR B0, TR Hie R A
& :\ ARGEREAT S I
5 40
;JZE 20 | IREC AT
= 7 TIEERL
=® 0 L L L |\n\n ) 3
HL\_: 10! 10° 10! 102 1073 10*

4%/ mm

B 1 KA R UL I i %

Fig.1 Gradation curve of soil material used in test
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Table 2  Fitting results of relaxation curve of Al sample based on fractional M||N model
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0.403 47.344 81.92 17 546.2 0.351 2791 0.10 0.991
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Table 3 Fitting results of relaxation curve of sample A2 based on fractional M||N model
u %y Ei m m 2
; . . . A ; 0 B, R
mm / kPa / (kPa » mm™) / (kPa » min - mm") / (kPa » min - mm)
0.401 49.166 87.64 23388 0.324 24.38 0.10 0.995
0.813 59.569 54.71 11924.4 0.461 13.83 0.10 1.000
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2.403 70.740 22.29 91 104.3 0.673 5.39 0.10 0.992
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Table 5 Error analysis of model prediction results
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