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Performance of flexible buried pipes reinforced by geogrids under cyclic loading

XIAO Cheng-zhi, HE Chen-xi, WANG Jia-yong
(School of Civil and Transportation Engineering, Hebei University of Technology, Tianjin 300401, China)

Abstract: The study on protection performance of buried pipes under cyclic loading has been increasingly concerned. Firstly, a
series of laboratory tests are conducted to investigate the mechanical performance of buried pipes during cyclic loading when
the buried depth of pipes is 3D (D, external diameter of pipes). The results show that the optimum embedment depth of the
uppermost reinforcement, spacing of geogrid layers and length of reinforcement are 0.4B8 (B, width of loading plates), 0.58 and
5D, respectively. Adding the numbers of layers of geogrids can significantly enhance the strength of soils and thus reduce the
deformation of pipes and settlements of loading plates. It is pronounced that higher level of loading or lower frequency can
affect remarkably the mechanical performance of buried pipes. Increasing the level of cyclic loading or lowering frequency of
loads can result in the increase of radial deformations of pipes, settlements of loading plates and strains of geogrids. The strains
of reinforcement decrease with the increase of distance away from the center of loading plates, and those of geogrids in the
center tend to increase firstly and then decrease with the increase of cycles of loads. Furthermore, based on the numerical
simulation method, the mechanical properties of pipes under different buried depths of pipelines, H, width of loading plates, B,
and pipe diameter, D, are presented. The increasing buried depth or decreasing width of loading plates may reduce the radial
deformations of pipes. The reinforcement effect is weakened for the pipes with smaller diameters, leading to the increase of
deformations of pipes. However, the reinforcement plays a significant role in reducing the deformations of pipes with greater
diameters.
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Fig. 1 Schematic diagram of apparatus of model tests
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Table 1 Engineering properties of PP geogrids
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Fig. 2 Geogrids and strains for monitoring in model tests
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Table 2 Experimental plans on performance of buried pipes protected by geogrids under cyclic loading
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Fig. 4 Grain size distribution of river sand for filling
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Fig. 5 Layout of monitoring deformations and strains of buried
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Fig. 17 Effects of loads and frequency on hoop strains, &g, of
buried pipes
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Fig. 18 Distribution of strains of geogrids under cyclic loading
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Table 3 Model parameters used in numerical simulation

HE BREE AEE BRI

BERUR AL R i THFAEL
/(kg'm?) /MPa  fi/(° ) /kPa

W+ 1.839 15 35 5 0.3

I8 0.965 1412 — — 0.35

A 0.950 2600 — — 0.3

nEkaiR  0.785 3000 — — 0.3

EEA AR IR A R BE R R EA A
0.6 1 0.3 TEINE R T LA A fuf 21 2t I {34 1o
3B, FEFRALRIG AT AT AL, A AR RS n=100
B IR IR A 1 AR AR (T T AR e . R, 1X
B A BB E XL =100 INZIRAE 300
kPa FIATA 1 Hz B 9] A8 70 A7 300 St KPR
J B St 7K~ A [ 29, Wil 19 B AR
BRI EHE I T A 4 fios.
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Table 4 Conditions used in numerical model

HAa TR AR MR M KE
HE”- D, MK HD, & B/D, u/B L/D,
0.2,0.3, 0.4,
D 2,3, 4 1.6
0.5,0.6
D 3 1.0, 1.6, 2.0 0.4 6
2’ 3’ 4’ 5’
0.5D, D, 1.5D 3 1.6 0.4

T FRh D=125 mm, BRI EE MR
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Fig. 20 Effects of buried depth on radial deformation of pipes
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Fig. 21 Effects of width of loading plates on deformation of pipes
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Fig. 22 Effects of pipe diameter on deformation of pipes
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