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Calculation method of inner force of soil nailing based on Mindlin solution

-1 2 -3 . -1
WEI Huan-wei’, SONG Feng-bo°, YANG Min’, SUN Jian-ping
(1. School of Civil Engineering, Shangdong Jianzhu University, Ji’nan 250014, China; 2. Shandong Electric Power Engineering Consulting Institute Corp.,
Ltd., Ji’nan 250013, China; 3. Department of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: Inner force of soil nail is a key parameter of soil nailing design. Virtual excavation stress is used to simulate the excavation
status of soil nailing. On the basis of the hypothesis that there exists no load on the face of soil nail, a calculation model is presented
that the distribution of shear forces between soil and nail is double-triangle. The calculation formulas of axial force and shear force of
soil nail are derived. The lateral displacement of soil at potential break surface and the end of nail by the virtual excavation of soil
shear stress is obtained based on Mindlin strain solution. The zero relative displacement and the equivalent axial force of soil nail at
both sides of potential break surface can provide two equations for two unknown coefficients of the calculation model. The measured
data from French research test on soil nailing are used to illustrate the validity of the proposed calculation model.
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Fig.1 Distributions of lateral soil pressure of soil nailing wall
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Fig.2 Stresses and displacements of soil nailing wall
during excavation
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Fig.3 Simplified calculation of stress and displacement of
soil nailing wall during excavation
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Fig.4 Simulation of soil nailing wall excavation
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Fig.6 Equivalent horizontal uniform load
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Fig.7 Distributions of axial force of soil nail
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Fig.9 Assuming break surface
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Fig.10 Distributions of axial force and interface
shear force of soil nail
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Fig.11 Equivalent interface shear force of soil nail
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Fig.12 Calculation diagram of tension deformation of
soil nail material
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Fig.13 Distributions of force and deformation of soil nail
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Table 1 Construction steps of soil nailing wall
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Table 2 The relative soil parameters
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Table 3 Lateral soil pressure under different calculating

widths
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Fig.17 Soil pressure of different calculating widths
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Table 4 The axial force of soil nail under different conditions
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3 1.73 427 37.40

4 1.73 427 0
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Fig.18 Location of max axial force of soil nailing



BT WIEARAR 1K AT N STk

13

HETI1 P
60
50 »
A S R N EARC
¥ 40 e B
R 30 | -
g
= 20 F
b 10
0 L L ey I
’ ? 4 6 8 10

S IFAET0H 5 / m
B 19 L4TH ) BES T2 B R R 2
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Fig.20 Shear force of soil nail vs. depth curves
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Fig.21 Locations of potential break surface of soil nail
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Fig.22 Section of soil nailing in test
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Table 5 The axial force of soil nail under different conditions
91 %208 318 9408 CURB el
Lo g, Ly ANmax  Li Ly ANmax Ly Ly ANmax Ly Ly ANmax Ly Ly ANmax Ly Ly ANmax
/m /m  /kN /m /m  /kN /m /m /kN /m /m /kN /m /m /KN /m /m /KN

2 073 527 428

3 122 478 281 073 727 4.80

4 1.71 429 1.61 122 6.78 3.40 073  6.77 530

5 219 381 0.74 1.71 629 230 122 628 4.10 073 727 7.80

6 268 332 039 2.19 581 1.50 1.71 579 2.80 122 678  4.80 073 727 1713

7 317 283 049 268 532 1.20 2.19 531 1.80 1.71 629  2.80 122 6.78 3.25 0.73 527 8.83
~ i 1.69 431 9.8 1.97 6.03 12.88 1.73 577 13.70 1.55 1534 15.62 1.19 6.81 1032 073 527 8383
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Fig.23 Comparison between calculated results and
measured values of max value of soil nail axial force
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Fig.24 Comparison between calculated results and
measured values of potential break surface
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