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Tab.1 Main physical and mechanical properties of soil Tab.2  Surface roughness of test block samples
K2/ mm FIRBE/ (g - em ™) P £/ © - FHHER IR/ mm
0.075 ~0. 150 1.35 3.6 MRS 1 HUREEE 1T MAEEN  HRSEV
A 0 0.056 0.081 0.102
0-150 ~0.300 137 339 RBE IR 0 0.073 0.093 0.116
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Fig.3 Steel plate used in the test Fig.4 Template of concrete used in the test Fig.5 Concrete plate used in the test
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Tab.3  Fitting formula and experimental data of interface between steel and sand

B2 1 B2 T

*ﬂﬁ'if‘ﬁ o/kPa AN r/kPa  7,/kPa  7/71, *i;ﬁ o/kPa AN r/kPa  1./kPa  1¢/7,
50 7=w/(0.011 +0.043w) 21.74 23.26 0.935 50 T=w/(0.012 +0.0430w) 21.42 23.26 0.921

100 7=w/(0.007 1 + 0.021w) 43.64 48.78 0.895 100 7=w/(0.0087+0.021w) 42.85 48.78 0.878

! 150 7=w/(0.0057 +0.014w) 65.23 74.07 0.881 I 150 7=w/(0.0060 +0.014w) 64.59 73.53 0.878
200 7=w/(0.0040+0.010w) 85.54 96.15 0.890 200 7=w/(0.004 1 +0.01lw) 84.59 93.46 0.905

50 7=w/(0.009 1+0.034w) 27.46 29.50 0.931 50 7=w/(0.011 +0.035w) 26.82 28.49 0.941

100 7=w/(0.0079+0.018w) 49.36 57.14 0.864 100 7=w/(0.009 4 +0.018w) 48.72 55.56 0.877

I 150 7=w/(0.0061+0.012w) 73.16 84.75 0.863 I 150 7=w/(0.0058 +0.012w) 72.68 82.64 0.879
200 7=w/(0.004 0+0.008 8w) 99.50 113.64 0.876 200 7=w/(0.004 8 +0.008 8w) 98.71 113.64 0.869

50 7=w/(0.012 +0.03lw) 28.72 32.79 0.876 50 T=w/(0.012 +0.0320w) 28.09 31.15 0.902

100 7=w/(0.009 4 +0.017w) 50.63 58.82 0.861 100 7=w/(0.0084+0.017w) 49.99 57.80 0.865

i 150 7=w/(0.0069 +0.011w) 75.07 87.72 0.856 i 150 7=w/(0.0065+0.0120w) 73.95 85.47 0.865
200 7=w/(0.0045+0.008 4w) 102.52 119.05 0.861 200 7=w/(0.0045+0.008 5w) 101.25 117.65 0.861

50 7=w/(0.012+0.031w) 29.36 32.68 0.898 50 T=w/(0.012 +0.0320w) 28.88 31.75 0.910

100 7=w/(0.0079+0.017w) 51.74 59.52  0.869 100 7=w/(0.0079+0.017w) 51.26 58.82 0.871

v 150 7=w/(0.0054+0.01lw) 79.19 90.91 0.871 v 150 7=w/(0.0062+0.01lw) 78.87 92.59 0.852

200 7=w/(0.0038+0.008 4w) 104.74 119.05 0.880 200  7=w/(0.004 3+0.008 3w) 103.63 120.48 0.860
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Tab.4  Fitting formula and experimental data of interface between concrete and sand

kg 1 pesigll

*J%gﬁ o/kPa PAEAR 7/kPa 7,/kPa 71/7, *Jgjﬁ o/kPa PEAR 7/kPa  7,/kPa 7/1,
50 7=w/(0.0099 +0.039w) 24.44 25.97 0.941 50 7=w/(0.011 +0.039w) 23.96 25.38 0.944

100 7=w/(0.0081+0.0190) 48.24 54.05 0.893 100 7=w/(0.010+0.018w) 47.77 54.35 0.879

! 150 7=w/(0.0068 +0.012w) 71.57 82.64 0.866 ! 150 7=w/(0.007 6 +0.0120w) 70.62 81.97 0.862
200 7=w/(0.0052 +0.009 2w) 95.38 108.70 0.877 200 7=w/(0.0055+0.009 lw) 94.43 109.89  0.859

50 T=w/(0.016 +0.0320w) 29.36 31.75 0.925 50 7=w/(0.018 +0.0320w) 28.88 31.45 0.918

100 7=w/(0.0099 +0.016w) 55.07 62.50 0.881 100 7=w/(0.010 +0.016w) 54.12 61.35 0.882

f 150 7=w/(0.0074+0.010w) 85.06 97.09 0.876 f 150 7=w/(0.0082+0.010w) 84.59 98.04 0.863
200 7=w/(0.0062+0.008 0w) 108.71 125.00 0.870 200 7=w/(0.0061+0.008 lw) 107.60 123.46 0.872

50 7=w/(0.015+0.030w) 30.95 33.56 0.922 50 T=w/(0.012 +0.031lw) 30.15 31.95 0.944

100 7=w/(0.013 +0.015w) 58.72 68.49 0.857 100 7=w/(0.012 +0.0150w) 57.61 65.79 0.876

i 150 7=w/(0.0081+0.0099%) 87.76 101.01 0.869 i 150 7=w/(0.0081+0.010w) 86.81 100.00 0.868
200 7=w/(0.0062+0.007 5w) 114.74 133.33  0.861 200 7=w/(0.0060+0.007 7w) 112.68 129.87 0.868

50 7=w/(0.012+0.030 3w) 31.58 33.00 0.957 50 T=w/(0.011 +0.031w) 30.95 31.85 0.972

100 T=w/(0.010 +0.0150) 61.10 68.49 0.892 100 T=w/(0.010 +0.0150w) 60.62 68.03 0.891

v 150 7=w/(0.0086+0.009 5w) 90.14 105.26 0.856 v 150 7=w/(0.0072+0.0099%») 89.82 101.01 0.889
200 7=w/(0.0064 +0.007 3w) 117.91 136.99 0.861 200 7=w/(0.0062+0.007 5w) 116.80 133.33 0.876
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Fig. 6 llustration of shear surface formation of interface between construction materials and sand
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Fig.7 Illustration of shear surface formation of interface between construction materials and sand
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Fig. 8 Relationships of peak shear strength and average sand filling depth of interface between construction materials and sand
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Fig.9 Relationships of peak shear strength and normal stress of interface between steel and sand
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Fig. 10 Relationships of peak shear strength and normal stress of interface between concrete and sand
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Tab.5 Composition of the interfical friction angle
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0.150 ~0.300 11 26.72 23.08 33.9 91.5 8.5 21.12 2.88 2.72
\% 27.55 23.08 33.9 89.3 10.7 20.61 3.63 3.31
1 28.94 25.55 33.6 93.7 6.3 23.94 2.12 2.88
0.075 ~0. 150 1111 30.13 25.55 33.6 90.9 9.1 23.22 3.06 3.85
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Effects of roughness on shear properties of structure-sands interface

GUO Jukun''*, LEI Shengyou', WEI Daokai’, KOU Hailei’, WANG Rui’

(1. School of Highway, Chang’an University, Xi’an 710064, China; 2. School of Highway and Architecture, Shandong Transport
Vocational College, Weifang 261206, China; 3. College of Engineering, Ocean University of China, Qingdao 266100, China)

Abstract; The shear properties of the interface between the underlying foundation and soil are very important for
the safe construction of the entire structure. Sandy soil layers are common in the upper soil layer of the foundation,
and the particle size of sand and surface roughness of the foundation will affect the mechanical properties of the pile
foundation. It is very important to study the shaft resistance of the sand strata. In order to investigate the interface
shear strength, interface shear strength index with different particle sizes of sands, different roughnesses and
different normal stresses, the interface shear tests on sands having particle sizes of 0. 075 ~0. 150 mm and 0. 150 ~
0.300 mm with rough steel plate and concrete plate are performed by using an improved direct shear apparatus.
The testing results indicate that the interface shear stress-displacement relationships can be described by a
hyperbolic model. The ratio between the peak shear stress of the test and the peak shear stress of the model ranges
from 0. 85 to 0.95. The peak value of the measured shear stress increases with normal stress and roughness. The
peak shear stress of the particle size I is slightly larger than that of the particle size II. The peak shear stress of the
interface between concrete and sands is larger than that of the steel-sands interface. The shear surface for the sand-
structure interface without engraved lines is a moving horizontal plane, while the shear surface for the sand-structure
interface with engraved lines is composed of discontinuous horizontal shear planes and dynamic curved shear
surfaces. The interface friction angle increases with roughness. The shear strength index of the particle size I is
slightly larger than that of the particle size II. The friction angle for the sand-steel interface ranges from 23° to 28°,
and the friction angle for the concrete-steel interface ranges from 25° to 31°. The research and analysis results can

provide an experimental reference for shaft resistance estimation and numerical simulation of the sand strata.

Key words: sand; roughness; particle size; shear surface; interface friction angle



