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Bearing characteristics of ultra-long piles based on distributed

fiber optic sensing technology
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Abstract: Based on a series of pile foundation tests from a project in the Super Headquarters Base in Shenzhen Bay, the load

deformation characteristics of super-long piles under different geological conditions and the impact of friction coefficient on

pile-soil interaction in numerical simulations are investigated. The FBG (fiber bragg grating) densely distributed fiber optic
sensing technology is employed for internal force tests of the piles and the ABAQUS for numerical simulations. The results of

the simulated average lateral resistance of the soil layers are compared and analyzed with different friction coefficient values
applied to the pile-soil interface. The results indicate that: (1) The load deformation characteristics of bored piles are closely

related to the pile length and the properties of the bearing stratum. The axial force of super-long piles decreases linearly with
depth, and the end resistance ratio significantly reduces. In cases where the bearing layer consists of moderately weathered

granite, the axial force of the test pile decreases in a "bulging" shape along the depth direction, with the end resistance ratio

numerical simulation; lateral resistance

lower than 17.1%. (2) The method for determining the friction coefficient in numerical simulations significantly impacts the
simulated results, depending on the nature of the soil layer.
=]

simulated lateral resistance of the soil. Multiple friction coefficients at the pile-soil interface can improve the accuracy of the
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Table 1 Parameters of cast-in-place piles
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Table 2 Loading conditions of cast-in-place piles
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Fig. 1 Layout of FBG fiber optic sensors
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Fig. 2 Variation of pile axial force along depth
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Table 3 Measured average ultimate side resistances of soils

$'fﬁ kPa
- TG Y
+2 Z5 78 Z10 s
@1 3+ 17.95 23.08 30.05 20~28
@3 Wik 34.31 1990 2191 12~18
@1 BFmFH L 4152 13298 3738  38~96
®1 &ERIER A 55.56  150.61 10541 120~140
®2 sRIE R A 60.80  150.62 191.24 160~240
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Fig. 4 Schematic diagram of numerical model
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Table 4 Soil parameters

L B REyEGHE BEA L Bk

m (kN-m?3)  Es/MPa  c/kPa o) bt u
®1 9.1 18.0 3.0 12.0 15 0.38
@3 3.5 17.0 2.5 10.0 4 0.35
() 19.2 19.0 8.0 22.5 20 0.33
®1 4.7 20.5 15.0 33.0 29 0.35
®2 — 25.0 24.0 37.0 31 0.35
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Fig. 5 Experimental and numerical results

4 PEEIEZRIIT T EMIFE S50 i
KH ABAQUS R e %) % + )2 5 hE S i %

FHR A BEH R0 0 ARS8 — B A TH BE#E 22 80 0.3
0.5, 0.7 HHATEAL, B 6 NRHAIFRIEE R EUE
3, L Z TR0 BE A0 5 S X P

300 —=— D1+ —o— DR

—— @3itE —— @3B

P @IBFREME LT —— OUBRRZE B
—v— OIERILRE—— G148 KA KA TR
—— @2 RMAL B —— 238 RALTE K & B

2001 s

U BH J1/kPa
2

100

501

0

T8RN

() HFLRESHAEEERENH

300 —=— O144EH+ —o— DR

—— @3itE —— @3B

250 @IBFREME LT —— OUBRRZE B
—v— OIERILRE—— G148 KALAL KA TR
—— @2 RMAL B —— 238 RALTE K & B

200

U BH J1/kPa
2

100 [

50

4 1 1
0 2000 4000 6000 8000 10000 12000 14000

Tar /KN
(b) 1=0.3

300 —— OB —o— (D13E LA

—— @3itE —— @3B

250l @IBFREME LT —— OUBRRZE B
—— G142 AL M E—— O14 Rk TE i A A

—— O3 ALTE R H—— ©25RKALTE B 25 TR

100
50
0
T E/KN
(¢) u=0.7

6 NEIEZERKLTEMEILIZERILL

Fig. 6 Comparison of side resistance in soil layers with different

friction coefficients
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Table 5 Ultimate average lateral resistances of soil layers
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U kPa kPa HBY/kPa  1H
@1 0.22 2386 30.05 20~28  0.80
@3 0.50 2187 2191 12~18  1.00
@1 0.20 41.17 3738 38~96  1.10
®1 0.29 150.75 10541  120~140 1.43
®2 0.27 19371 19124  160~240 1.0l
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