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Experimental study on buried pipeline instrumented with fiber optic
sensors under ground collapse
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Abstract: In recent years, the pipeline accidents caused by ground collapse are frequently reported. However, the relevant
studies are still lagging behind, and there are few theories to predict the deformation and mechanical characteristics of buried
pipelines and surrounding soils in the process of ground settlement and collapse. In this study, the stress state of the pipeline
and soil settlements during ground collapse are investigated through fiber Bragg grating (FBG)-based model tests, and the
method for calculating the bending moment of the pipeline using fiber-optic strain measurements is derived. The test results
show that: (1) The compressive strains accumulate on the pipeline top and bottom with the increase of collapse volume, and
both the pipeline sidewalls are in the strain state of tension. (2) According to the FBG strain monitoring results, the
development of soil deformation can be divided into three stages, i.e., the stress redistribution stage, the creep compression
stage and the stability stage after collapse. (3) The ground settlement pattern fits well with the modified Gaussian distribution.
On this basis, the mathematical model between the horizontal strain measured by the fiber optic sensors and the ground
settlement is established. At the same time, the results of theoretical calculation and experimental data are compared, and they
appear to agree well with each other. This work provides a new approach to effectively evaluate the safety and implement
hazard warning of buried pipelines.
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Fig. 2 Contours of soil displacements calculated by Geo-PIV
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Fig. 4 Strains measured by FBG sensors at H1 location
2.2 EEZNENER

B 5 o B 1l 2 855 I o e T A T A G AR
ISR RIS RN, RS2 AT

(1) B RBEHARBBINE R, EEmEE
FBG MAZMMENDT UL T2, WALERB T s 2 =
0~500 s P54, BEARTBCIL, 2 J5 RiAR ) R S A
L EIUZHHE ARG . 7R R R ERT
ER N AL RHE IS A o X UEHT, M ERRE S
JS2 A3 HiGE BE TE AN 10 A 52 AR IE R —
Blk.

(2) fERK I RE, EIESMET, RMHEA L
TRACRE, ML AT IR . Xt
FEMZEIRREVE RIS , 8 7 HARRGES 7> BB 7
FEM AR, SRR TEA AR AR SR, A
K5 thATBLE S, ERMBAZBR R TETL Kok
{EBEIL 200 pe. X ER M TEE T LRI
JRE A AR R IS K T R, XA AR AR
JEG HE U A S 1 K PR L R AE

MUL EASHTRI LLE Y, FBG f& g IR R /s
DNE) T8 TE R A 30 A AR BB B 2 A R AR T A
fiE. k04 iR, AE R FBG i 2 1E
EFNG FBG, HURAARLET AT AR 738 3 B
R HE— LR T 5 A R G ot R B0, AT
SR E BB N ENLEE, S2 0t T — FoBT IR A -

2020 £F

400 , :
| & FBG-A !
| *FBG-B !
300 - | -FBG-C |
| -e-FBG-D :

200 : *.‘«"""”v"n”;':q?‘°¢¢==:::::::
El P !

# 100 i o A A AA AN A A
2 i !
® |
0 I
1
. .
-100 i Son :
1 - o 0

=200 11 L

0 500 1000 15 2000 2500 3000 3500 4000
Es%ﬁtnm?%ﬁ%ﬁﬂﬁ

Fig. 5 Strains measured by FBG sensors on pipeline
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