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A Study on the Ring Deflection According to
Compaction of Buried Polyethylene Pipes
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ABSTRACT : Flexible pipes have the property of resisting external loads by utilizing the rigidity of the pipe and the surrounding ground,
and have recently been in the spotlight because they are lighter in weight and have excellent durability compared to concrete pipes.
In this study, the behavior characteristics of buried polyethylene pipe, a representative flexible pipe, were examined. Double-walled
and multi-walled polyethylene pipes were used, and the structural behavior of the polyethylene pipe was evaluated based on a 5%
deflection of the pipe diameter suggested in the design standards for flexible pipes. For the polyethylene pipe, the material properties
of the pipe were identified through a ring stiffness test, and the behavior characteristics in the ground were reviewed through the
simulation experiment of the buried polyethylene pipes. In addition, a finite element analysis model was developed based on the results
of underground burial simulation experiments, and the behavior characteristics of polyethylene pipes according to backfill conditions
were evaluated using the developed finite element analysis model and design equation. As a result of the study, it was confirmed
that the capacity of the pipes and the compaction of the backfill are the main factors that determine the structural performance of
the buried polyethylene pipe.
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Fig. 1. Load carrying mechanism of flexible pipe (Choi et al., 2012;
Lee et al., 2020)
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Table 1. Classification and specification of ring stiffness test specimens
(Park et al., 2012; Seo et al., 2017)

I
No. of Length Thickness fmer

Di 1
Specimen (L, mm) (t, mm) rameter

(D, mm)

Classification

PE-DP-1
PE-DP-2
PE-DP-3 300 19 300
PE-DP-4
PE-DP-5
PE-MP-1
PE-MP-2
PE-MP-3 300 20 300
PE-MP-4
PE-MP-5

Double Wall
Pipe

Multi Wall
Pipe

Fig. 2. Ring stiffness test for the PE pipe
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Fig. 3. Deformed shape of the PE pipe
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(a) Double wall PE pipe
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(b) Multi wall PE pipe

Fig. 4. Load—deflection relationship of the PE pipe

Table 2. Test results of ring stiffness

Classification No. of Specimen PS (kKN/m?)

PE-DP-1 177.33
PE-DP-2 146.00
PE-DP-3 194.00

Double Wall Pipe
PE-DP-4 155.33
PE-DP-5 142.67
Average 159.33
PE-MP-1 177.33
PE-MP-2 173.33
PE-MP-3 172.67

Multi Wall Pipe
PE-MP-4 186.67
PE-MP-5 183.33
Average 178.00
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Table 3. Results of the simulation test for the buried pipes

Max. 5% (15mm) Pipe Deflection
Classification

Mawa)oad Load (kN) /?1313; (erl;:nz)

Double | DP-1 171.14 98.78 6,456.21

Wall DP-2 176.77 94.33 97.51 6,923.30

Pipe DP-3 162.37 99.41 6,309.74

Multi MP-1 267.79 202.55 12,466.23

Wall MP-2 193.98 146.73 166.31 10,232.21

Pipe MP-3 244.17 149.66 9,754.90
166.31kNC = UEptom, ko] 2ol 71t uhet A5
of wjAE ol EAFEEE ZAH AR tehie.

A3 Z¥= Table 30f| g2fstitt

5. QEQAHA

o AL AFOE TA
&Y 5 9k MR Aot

52 dEsh] o

-2
pi
SO
)
1o oo
ook
= 4
o,
FlO r_Ql
o oX

N
)
o
ob
K

oy
H
e
19

ahat, oh

9

@] Aot Akt A
Lol wE PE

Ferassile st

Fig. 8. FE analysis model for PE pipe
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Fig. 9. Deformed shape of FE analysis model

Table 4. Comparison between test and FE analysis results

. Load at the 5% Pipe Deflection (kN)
Classification A/B
Test (A) FE Analysis (B)
Double Wall Pipe 97.51 93.23 1.046
Multi Wall Pipe 166.31 159.13 1.045
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Fig. 10. Relationship between the modulus of soil reaction and
ring deflection of the PE pipe using lowa formula
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Table 5. FE analysis results according to the compaction

. . Compaction (%)
Classification
95 90 85 80
Load
93.23 | 9039 | 87.94 | 84.90
Double | 50, pefiection, kN)
Wall
Pipe Comparison with 95% 3.05 567 .03
compaction (%) ’ ' ’
Load
i 159.13 | 154.78 | 151.25 | 146.55
Multi (5% Deflection, kN)
Wall
Pipe Comparison with 95% 274 4.95 790
compaction (%) ’ ’ ’
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