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Characteristics of Structural Behavior of Unplasticized Polyvinyl Chloride
(PVC-U) Pipe Buried Underground
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Abstract: The industrialization and urbanization forced to increase the density of pipelines such as water supply, sewers,
and gas pipelines. The materials used for the existing pipe lines are mostly composed of concretes and steels, but it is
true that the development for more durable and efficient materials has been continued performed to produce long
lasting pipe lines. Recently, underground pipes serve in diverse applications such as sewer lines, drain lines, water
mains, gas lines, telephone and electrical conduits, culverts, oil lines, etc. In this paper, we present the result of
investigation pertaining to the structural behavior of unplasticized polyvinyl chloride (PVC-U) flexible pipes buried
underground. In the investigation of structural behavior such as a ring deflection, pipe stiffness, 4-point bending test,
experimental and analytical studies are conducted. In addition, pipe stiffness is determined by the parallel plate loading
tests and the finite element analysis. The difference between test and analysis is about 8% although there are significant
variations in the mechanical properties of the pipe material. In addition, it was found by the 4-point bending test there
is no problem in the connection between the pipes by coupler.
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Table 2. Result of Tensile Test
Elasticity Yield Tensile Poisson’s
Description Strength .
(E, GPa) (0,1s MPa) Ratio
P-1 3.87 59.91 0.34
P-2 427 62.20 0.35
P-3 4.69 59.22 0.34
(b) Coupler Specimen (C-#) P-4 5.12 60.29 0.35
P-5 3.93 57.93 0.35
Fig. 1 Tensile Specimen (Research Report, 2014) Average 4.30 59.81 0.35
C-1 3.89 63.68 0.37
Table 1. Dimension of Tensile Test Specimen (Kim, C-2 3.20 68.70 0.37
2014) C-3 3.45 68.19 0.35
Specimen Dimension C-4 3.76 66.62 0.38
L C-5 3.36 67.65 0.37
Description | Width Depth Areg Average 3.52 67.49 0.37
(mm) (mm) (mnt’) verag : : :
P-1 11.07 6.15 68.08
P-2 11.61 6.13 71.17 B _ ) )
P-3 1.16 6.12 68.30 ;(-ﬂ?i}lﬂ ?_]_@‘}‘]lﬂ %Ool—oﬂ 74]%7](Stra1n Gage)% Flg.
P-4 11.48 6.12 70.25 3¢k #ol  FFste]  wHEAEAE 7] (Universal
p-5 11.60 6.11 70.87 Testing Machine, UTM) & AF8-3}0] 5+£0.5mm/min®] %
Average 11.38 6.13 69.74 =2 %S At AFAE AT Fig 29 7
Cl 6.6 618 i o] FPFAM sheto] dojutow], Table 201 A
C-2 6.61 6.15 40.65 _ . _ L= 0 C ummo
C-3 6.72 6.18 41.52 5]'%]\]:]'- Fig. 301]/H ?l;g—}‘]‘\{io] AEE e FES
C-4 6.67 6.17 41.15 A S BE FEE Bojn, AAAFHAIZEE
C-5 6.65 6.15 40.89 A s #AE Fig 3(b), (9 2ok AFA
Average 6.67 6.17 41.12 Aol eAAGE Fig. 39 Bzl A Aol
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Fig. 3 Stress-Strain Curve of Unplasticized Polyvinyl
Chloride (Research Report, 2014)
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Table 3. Dimension of Parallel Plate Loading Test

Descrition No Length | Thickness | Diameter
P : (L, mm) (t, mm) | (D, mm)
V-1 298.94 18.04 372.63
- Va2 310.08 18.88 370.70
(9400) V-3 302.69 18.03 372.75
Average | 303.90 18.32 372.03

PVC YgY 5@ WINE

Specimen No. P-1

Fig. 4 The Parallel Plate Loading Test (Research Report,
2014)
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Table 4. Result of Parallel Plate Loading Test

No. Load of 5% Ring Deflection (kV)
V-1 2.94
V-2 3.71
V-3 3.25
Average 3.30
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Fig. 5 Load-Deflection Relationship (Research Report,
2014)
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Fig. 7 Result of the FEA

Table 5. Result of the FEA

() FE
Description T:’s;\;{ esult ®(”0A @0
PVC
(9400) 3.300 3.644 1.104
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Fig. 8 Pipe Ring Deflection (Research Report, 2014)
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Fig. 9 Modeling

E’ for Degree of Compaction of Bedding (1/Pa)

. . . . Slight Moderate High
Soil Type-Pipe Bedding Material Dumbed <85% Proctor 85-95% Proctor >95% Proctor
P <40% Relative 40-70% Relative >70% Relative
Density Density Density
_ Fine-Grained Soils (LL<50)
Soils with Medium to no Plasticity CL, 034 1.37 275 6.86

ML, ML-CL, with less than 25 Percent
Coarse-Grained Particles
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Table 7. Result at 5% Ring Deflection

Load at 5% Ring Strain of 5% Ring
Deflection Deflection (mm/mm)
Description (kN)
FEA FIOWA FEA Strain
ormula Formula
Diameter 4.50 3.86 0.0100 0.0130
300mm

(d) Coupler (6P-¢ 100)
Fig. 10 4-point Bending Test (Research Report, 2014)
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