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Mechanical coupling between borehole backfill and fiber-optic strain-sensing cable
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Abstract: The mechanical coupling between borehole backfill and fiber-optic strain-sensing cable is the key factor affecting
distributed fiber-optic sensing (DFOS)-based land subsidence monitoring. A new pullout apparatus is designed to investigate
the interaction mechanism between cable and soil under confining pressures (CPs) ranging from 0 to 1.6 MPa. The test results
and analytical analyses show that the cable—soil interface fails progressively under pullout conditions. Under low CPs, the axial
strain increases and propagates toward the cable toe under increasing pullout displacements. In contrast, the propagation of
strain is restrained around the cable head under high CPs. The ideal elasto-plastic pullout model can reasonably describe the
progressive failure behavior of the cable-soil interface. A new coefficient is proposed to characterize the cable—soil mechanical
coupling for long-term monitoring purposes (the maximum axial strain of 10000 pe ), together with a classification of the
mechanical coupling based on this coefficient. The case of the Shengze land subsidence in Suzhou of China is presented to
illustrate how these findings can be applied to the field. The analyses demonstrate the strong coupling of the cable to the borehole
backfill below a depth of 16 m. It may provide a sound basis for monitoring land subsidence using the DFOS technique.

Key words: land subsidence monitoring; borehole backfill; fiber-optic sensing cable; confining pressure; interfacial effect;

distributed fiber-optic sensing technique

0 gl %_ EEWH: FEXREREWHMESTHIBIE (41427801); HK HARIEEE

o ot g S AIIH (4123063605 H K B ARG ERE G TH (41502274);

S IETC R — RS IRIE B BTLyiB e A B R S B AATERITE (KYCX17_0031); MK
B4 R4 3B R T KA S P B e HATIH (201706190165)
R 6 DR 2 5 A R T 7 2 1 PR A o b o i 1, WO ELAR: 2017 - 08 29

*EIMEH (E-mail: shibin@nju.edu.cn)



1960 H O+ T OB % M

2018 4F

SXoF 12 A5 R S it A R0 P W 2 R N R b T O R AL
BT LA K B A Hh U ) BB R . I b T
DUREIS MBI AR = F 5 AL RIS DR 2 /K ik &
EERENM ARG TW AR AR EEARENIRD
MM AR, DL AR 0 Z U bR N E
P E AR M R AP e AR AT SR U E R A
HZEARTE, AHSTCVE R 2 S AT A T A
AL IR AT 5 A7 Wa o

10 2k, AR e4r Il (Distributed fiber
optic sensing, f&FK DFOS) i ARKAAF /A=, K
BE. PUHRETER . SIS A5 B N e —
FANH TR b TR 1) ), 2 B AR IR L
2010 FH2K A DFOS HiA, 38 ik &l FL Il 5485 5 b [X
b THTC A AT T s M ) ) A B A e AR
FE L B e AR A A ORI I RS FLH . R AR -
Bk - B LIRS RME A FLIEIE,  for L [ 25 A% 5 nT gt
A7 L 25 T A BB I FRORS A LA A o A B (LT
Do 555 ZUTRARAH LG, IXFPRA BAT R w5 (1 A L,
Foo A7 MR R AR 5 J2 T B b b AR TE i LA

7=
/:\@

ry RBFEIBOLAS Z N
Xy HEEDFOSHIE{Y ’r/ T2

R KA

[E 1 ET DFOS BhshfLitt EHIE LR AR EE (2L

B 3CHK8])
Fig. 1 Schematic of distributed monitoring of stratum deformation

in a borehole using DFOS technique (after Ref. [8])
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Fig. 2 Schematic of confining pressure-controllable apparatus for

testing fiber-optic cable-soil coupling
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Table 1 Parameters of cable-soil interface used in simulation
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Fig. 11 Coefficient of cable-soil coupling under each confining

pressure considering long-term deformation monitoring
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Table 2 Recommendations on classification of cable-soil coupling
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Fig. 12 Simplified stratum profile, distributed strain measurements

and calculated confining pressure for Shengze land subsidence

in Suzhou of China ((a) and (b) are after Ref. [7])
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