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Field measurement and mechanism of inclined and vertical piles in foundation pits
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Abstract: The inclined and vertical support for foundation pits is a kind of unsupported support system, which is formed by
using the crown beam to connect the vertical cantilever pile and the inclined pile. The measured results of the existing projects
show that the inclined and vertical alternate support has better anti-overturning and deformation control capability. However,
there is still a lack of systematic research on the mechanism of inclined and vertical alternate support from the perspective of
pile stress. Based on the field tests on the inclined and vertical alternate support piles in a foundation pit project in Tianjin, the
forces of the inclined pile are monitored and analyzed. On this basis, the numerical modeling is carried out by using the finite
element software PLAXIS. The mechanism of the axial forces of the inclined pile and the influences of the inclined angle and
the arrangement of the inclined and vertical piles on the supporting performance are studied. The results show that the axial
forces of the pile shaft are greater than those of the single-row inclined piles and double-row support piles, and the effect of
inclined support is obvious to the deformation control of the support structures. The effect of inclined support is mainly due to
the relative displacement of the inclined pile and the soil in the passive area to produce the side friction resistance of the pile. At
the same time, it is found that increasing the inclined angle of the inclined pile is conducive to the inclined support of the
inclined pile, which makes the lateral displacement of the support pile decrease, but the maximum positive bending moment of
the pile shaft will increase at the same time. In addition, under the same amount of piles, different arrangements of inclined and
vertical piles have small influences on the deformation of the support. The arrangement of one inclined and two vertical piles
can reduce the stress of the vertical pile and the construction difficulty.

Key words: foundation pit support; inclined and vertical pile; mechanism analysis; axial force of pile shaft
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Fig. 1 Plan of foundation pit and layout of monitoring points
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Table 1 Physical and mechanical parameters of soil layers in test site

= EE KR HE LR E4ERE R
/m w /% /(KN-m?) e Eso/MPa B 77 ca/kPa B oo/(C )
O, £+ 24 30.59 18.6 0.94 3.59 20.51 11.72
G #T 1.7 32.87 18.7 0.96 3.91 16.47 12.69
® TR R T 5.8 36.17 18.5 1.03 3.68 14.80 12.94
® M S+ 5.0 29.80 19.2 0.84 4.93 16.99 18.62
®s ¥t 0.8 24.74 19.9 0.70 11.73 7.87 31.12
@it 23 23.43 20.1 0.66 5.44 18.82 17.21
O il 1.5 23.19 20.2 0.67 5.52 22.68 14.16
©)% 127 3.2 17.26 20.9 0.52 13.68 5.15 35.47
O il 4.0 23.82 20.1 0.68 5.56 21.22 16.41
@ Wb 5.2 21.67 20.3 0.62 13.27 5.84 32.83
D Wb 8.4 21.55 20.2 0.63 14.30 5.64 33.79
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Fig. 6 Curves of horizontal displacement of piles
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Fig. 7 Curves of axial force of pile shaft
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Table 2 Parameters of soil materials

o B HE . Eso Eocd Eur Goref
LR /m J(KN-m?) Ceu /kPa per /() /MPa  /MPa  /MPa  /MPa
O, &H L 2.4 18.6 20.51 11.72 3.8 3.8 26.6 106.4
G #T 1.7 18.7 16.47 12.69 4.1 4.1 28.7 114.8

® IR R+ 5.8 18.5 14.80 12.94 3.8 3.8 30.4 121.6
® M S+ 5.0 19.2 16.99 18.62 5.1 5.1 35.7 142.8
®s ¥t 0.8 19.9 7.87 31.12 12.5 12.5 62.5 187.5
@5t . 23 20.1 18.82 17.21 5.6 5.6 39.2 156.8
O il 1.5 20.2 22.68 14.16 5.7 5.7 39.9 159.6
O 3.2 20.9 5.15 35.47 145 145 7.5 217.5
Ol 4.0 20.1 21.22 16.41 5.7 5.7 39.9 159.6
O 5.2 20.3 5.84 32.83 13.9 13.9 69.5 208.5
(Y20 13.0 20.2 5.64 33.79 14.8 14.8 74.0 222.0
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Fig. 9 Comparison between numerical and measured results
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Fig. 10 Schematic diagram of action mechanism of inclined and

vertical alternate support
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Fig. 13 Curves of axial force of piles with different support forms
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Table 3 Maximum axial forces and bending moments of support

piles with different inclined angles

PESERANIES  FES RS R B
HE/(kN-m) FAN-m) KAL) KEE
BHBE  EBE RE e KN /kN
5 704 81 -169.3 -1644 875 735
10 1168 344 -117.7 -109.8 -1129 956
15 1343 743 -715 -80.7 -151.8  112.0
20 1300 909  -542 621 -203.7 133.1
25 921 1156  -40.0 -40.6 -224.1  143.0
30 634 1503 214 187 -2353 1511
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Fig. 21 Schematic diagram of calculation conditions
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Table 4 Stresses and deformations of piles with different

arrangements of inclined and vertical piles

. HESH/(KN-m) KN BERK
MU Ron mKE A AT

B T /(kN'm') /mm
—RIWE -1127 1252 -113.731 27.6
—R—H -93.1 1363 —143.667 24.1
WR—HE  -104.9 149.8  —171.154 23.2
=H—8A -125.5 171.3 -190.179 25.9
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