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Abstract

Double-row piles with anchor cable support structure in deep foundation pits have been widely
used in geotechnical engineering such as deep foundation pits due to their advantages of high col-
laborative bearing efficiency and excellent deformation control performance. Its deformation and
mechanical response laws are the key to ensuring engineering safety and design optimization. To
accurately reveal the working mechanism of this structure in complex geotechnical environments,
numerical simulation is carried out using Midas GTS NX software in this paper. A three-dimensional
mechanical model consistent with actual engineering conditions is established, in which a single
row of anchor cables is precisely arranged in the gap between double-row piles. The nonlinear in-
teraction of pile-soil-anchor cable is fully coupled to realize refined analysis of the support system.
The results show that the front-row piles mainly bear the active earth pressure of the outer rock
and soil mass, while the rear-row piles restrict the overall deformation through collaborative stress.
The horizontal displacement of the pile body presents a parabolic distribution of “large in the mid-
dle and small at both ends”. The axial force of the anchor cable gradually attenuates from the free
section to the fixed section along the anchorage length. The single row of anchor cables arranged in
the gap can effectively coordinate the deformation difference between double-row piles and signif-
icantly improve the overall stiffness of the structure. The structural deformation and mechanical
response are comprehensively affected by pile spacing, anchor cable pre-tightening force, pile stiff-
ness and physical and mechanical parameters of rock and soil mass, among which the anchor cable
pre-tightening force has the highest sensitivity to controlling horizontal displacement. The ob-
tained deformation characteristics and mechanical laws are universal, which can provide a scien-
tific reference for the engineering design and construction of similar support structures, and fur-
ther verify the application value of Midas GTS NX in the numerical simulation of support structures
with specific layout forms.
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Table 1. Table of soil parameters
=1 TESHEER

B5 BN =24 JEPEEIm % /(kN/mB) iR 711(kPa) P RS F11(°)

@® Bt 15 18 71 13.1
@ MR+ 1.6 185 5.4 8.6
® W+ 36 185 6.6 8.8
@ W+ 2.4 18.5 14.5 8

® g 3.1 19 7 223
® MR+ 5.2 19 14.1 11.2
@ 4wb 12 19.5 2 28

i 7 19.5 10.3 17.2
® LigiiE T KB R 19.5 16.5 13.4
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Figure 1. Numerical model diagram
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Table 2. Simulation process of construction conditions
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Figure 2. Model drawing of supporting structure
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Figure 3. Surface settlement outside the foundation pit
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Figure 4. Horizontal soil displacement outside the excavation
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Figure 5. Internal force diagram of anchor cable for case 2
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Figure 6. Internal force diagram of anchor cable for case 3
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Figure 7. Internal force diagram of anchor cable for case 4
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Figure 8. Internal force diagram of anchor cable for case 5
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Figure 9. Internal force diagram of anchor cable for case 6
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Figure 10. Internal force diagram of anchor cable for case 7
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Figure 11. Lateral displacement of front-row piles
11. ATHEMEM =2
0 B
N
A" "‘: dlisa —
" w 4
5 b ™Y A i
[ L A\ <
B~ 'Y Vv <
ici L8 v <4
s 10 \
= ‘% ; < 4 —m— FF#H1
. v . X1
-15 " < v A— T2
-4 v X#2
, | Y F3
-20—4":7 e ¥ —4— X3
""" FF#4
1 " 1 2 1 L 1 1
0 5 10 15 20 25

FHMEMEEZHE /mm

Figure 12. Lateral displacement of rear-row piles
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Figure 13. Axial force in front-row piles
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Figure 14. Axial force in rear-row piles
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