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Prediction of Ring Deflection GRP Pipe Buried Underground
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Abstract: Glass fiber reinforced plastic (GRP) pipes buried underground are attractive for use in harsh environments,
such as for the collection and transmission of liquids which are abrasive and/or corrosive. In this paper, we
present the result of investigation pertaining to the structural behavior of GRP flexible pipes buried underground. In the
investigation of structural behavior such as a ring deflection, experimental and analytical studies are conducted. In
addition, vertical ring deflection is measured by the field test and finite element analysis (FEA) is also conducted to
simulate behavior of GRP pipe buried underground. Based on the results from the finite element analyses considering
soil-pipe interaction the vertical ring deflection behavior of buried GRP pipe is predicted. In addition, analytical and

experimental results are compared and discussed.
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Table 1. Characteristics of GRP Pipe (Research Repont,

2013)

Description RTRP AWWA M45
Diameter (mm) 2,400 -
Thickness (mm) 44.5 -

Tensile strength ~
(MPa) 303.3 14 ~ 550
Tensile modulus of
Hoop elasticity (GPa) 41.6 3.5 ~ 345
Bending modulus of 223 )
elasticity (GPa) )
Tensile strength
(MPa) 164.0 14 ~ 550
Tensile modulus of
elasticity (GPa) 12.4 3.5 ~ 345
Compressive strength 211.0 69 ~ 275
. (MPa)
Axial -
Compressive modulus 122 )
of elasticity (GPa) )
Bending strength ~
(MPa) 175.0 28 ~ 480
Bending modulus of .
elasticity (GPa) 11.0 6.9 ~ 345
Izod impact strength (J/m) 256.0 -
Coefficient of linear 1.6x10° [1.4x10° ~ 54x10°
expansion (/ 0)
HDB (for stress) (MPa) 97.5 -
HDB (for strain) (%) 0.653 -
Sb (%) 1.41 -
Poisson’s ratio 0.159 -

10466)

Table 2. Result of the Parallel Plate Loading Test of
GRP Pipes (Research Report, 2013)

At 5% ring deflection | A¢ failure | Modulus of
load elasticity
Load PS B (kN/m) (GPa)
(kN/m) (kN/m’)
74.35 619.56 1,765.88 23.00
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Fig. 2 Side View of GRP Pipe Underground (Research
Report, 2013)

(b) Bedding

(c) Connection and Installation
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(f) Second Layer Backfill and Completion

Fig. 3 Installation of GRP Pipe Buried Underground
(Research Report, 2013)
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Fig. 4 Location of Measurement (Research Report,

2013)
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Fig. 5 Result of Ring Deflection (Research Report, 2013)
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Table 3. Pipe Bedding and Backfill Material (PBM)
Characteristics (Research Report, 2013)

Description PBM #1 PBM #2
- b) Vertical deflection (10m) (e) Horizontal deflection (10m)
Soil modulus (
E (k]V/mz) ’ 30,000 3,000 FLAC3D 4.00 FLACID 4 80
Poisson’s ratio, v 0.30 0.30 T'..L,;; i
Unit weight, |= .
” (an%) 17.85 17.85 = ‘
Viscosi == I:=
. (W”t}; 0.0 0.0
Intemal friction angle, ¢ (°) 30.0 30.0
Compaction Well Poor

(c) Vertical deflection (16m)  (f) Horizontal deflection (16m)
Table 4. Mechanical Properties of GRP Pipe (Research

Report, 2013) Fig. 6 Result of Ring Deflection (Research Report, 2013)
Descrini M(:dutliug of Pmst?on s Thickness .
escripton elasticity ratio t (mm) Table 6. Results of Analytical Study (Research Report,
E (GPa) v 2013)
GRP pipe 23.00 0.16 44
Finite element analysis Total Total
Buri (mm) Vertica | Horizont
Desc l:ine 1 al
2~ 313 o = 1 -ripti i i
TAANE GRP 2 i Anke] o] o on d(‘"l"l;h Poin | Poin | Poin | Point | deflect | deflectio
g Table 59 o] 37k CaseZ Fiake] d4< R T
mm mm
22t sy, SRR AT B ] wheh A
Oﬂ Ha]_,g ?3‘]—{— Eﬂ-?% o ‘L]'j:.‘lj_}f Table 59/]_ %:l‘% :GH&'] 5 1152 | -1.85 -1.85 -1.75 3.78 -3.69
o] wEh YEpgles GRP el sk W Cise 10 | 2751| 398 | 398 | -1938 | 8.3 -7.96
9l ¥+ Fig. 63 2k E3h, Az S 3
A A= Table 63 7}, 16 | 4718 | -6.60 | -6.60 | -33.65 13.5 -13.2
5 1945 | -3.65 | -3.65 | -11.71 7.74 -7.30
Table 5. Soil Conditions around the GRP Pipe (Research
Report, 2013) Czse 10 | 3794| 654 | 655 | 2399 | 139 131
Soil condition around GRP pipe
Description 16 | 6022 995 | -9.96 | -38.94 21.3 -19.9
Domain Soil characteristic
Case 1 Whole of soil Pipe bedding 5 2713 | 595 | -5.95 | -14.90 12.2 -11.9
around GRP pipe material #1
Center of GRP Pipe bedding Case |10 | a0es | 00| 10| 760 | 220 213
Case 2 pipe (2xD) material #2 3 6 6
Center of GRP Pipe bedding 16 o| 19| 159 | e 3.0 320
Case 3 pipe (3xD) material #2 7 8 8 ] ) )
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Table 7. Comparison of Results (Research Report, 2013)

Buried depth (m) 5 10 16
Vertical
Case | 1ing deflection 378 | 8.13 13.5
1 .
Horizontal
ring deflection -3.69 | 796 | -13.2
ini Vertical
e}llrl:llzzt Case | Ting deflection 7.74 | 13.9 | 213
analysis 2 K
Horizontal
(o) ring deflection -7.30 | -13.1 | -19.9
Vertical
Case | 1ing deflection 1221220 | 33.0
3 .
Horizontal
ring deflection -119 1 213 | -32.0
rin; V(ellettl'lceilﬁon 6.00 18 28.84
Experimental 2
ring deflection ]
.Honzonta.l 376 | 13.17 | 2084
ring deflection

(+): increase of diameter, (-): decrease of diameter
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(a) Case by analytical vertical ring deflection
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(b) Case by analytical horizontal ring deflection

Fig. 7 Comparison of Analytical Results (Research
Report, 2013)
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Table 8. Comparison of Experimental Ring Deflection
(Research Report, 2013)

Vertical Horizontal
Burie ring deflection ring deflection
Towa o o
d formul %) o)
depth a
(m)
No.l | No2 | No3 | Not | N | N

0.3 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

4.8 0.78 025 ] 023 | 029 | 0.16 | 0.21 | 0.21

10.2 1.65 0.75 | 0.68 | 0.79 | 0.55 | 0.60 | 0.57

16.0 2.60 121 | 1.16 | 1.26 | 0.86 | 0.96 | 0.95
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Fig. 8 Comparison of Ring Deflection According to
Buried Depth (Research Report, 2013)
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