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Behavior Analysis of Buried GFRP Pipes and Flanges
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Abstract: Static analyses and buckling analyses were carried out for buried GFRP pipes by using finite element method.
Vehicle loads, vertical and lateral soil pressures were considered as external loads, and supplying water pressure was
considered as an internal load. Nine types of the factory-manufactured GFRP pipes were analyzed. Their maximum
stresses and displacements were compared with the limit displacements and ultimate stress. Additionally, stress analysis
on an enhanced flange, which was designed to reduce stress concentration, was performed. A cantilever analysis was
carried out to know the maximum stress on the neck of the flange, which is the critical part. And a static analysis
was carried for the buried flange. The test results showed that GFRP pipes were safe and stable against the external
loads. And they showed that the enhanced flange decreased about 35% of the stress concentration.
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Behavior Analysis of Buried GFRP Pipes and Flanges
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Fig. 7 Demension of GFRP Pipe

Table 1. Materail and Geometric Properties of Pipes

27 (D, mm) | &5 (t, mm) | B4 A5 (MPa)
150 8 5560.3
200 8 9689.5
250 8 11871.5
300 8.5 12870.4
350 9 12967.9
400 9 16461.2
450 9.5 16434.3
500 10 18018.3
1200 24 18101.8
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Fig. 8 Boundary Condition in Longitudinal Direction
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Fig. 10 Definition of Boundary Connection
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Fig. 11 Deformed Shapes of Pipe
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Table 2. Intemal Pressure and Horizontal Soil
Pressure
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Ag | o | H2EE | RS | FIEIE) e
(mm) | (mm) T T T (kPa)
(kPa) | (kPa) (kPa) |[HE|HE
At | ehet
150 | 8.0 |15,689.7110,982.8 | 4,393.1 [35.3]36.6
200 | 8.0 |11,767.3| 8,237.1 | 3.294.8 | 353 | 37.1
250 | 80 | 9.413.8 | 6,589.7 | 2.635.9 |353|37.5
300 | 8.5 | 83352 | 5,834.6 | 2,333.8 |35.3]38.0
350 | 9.0 | 7.564.7 | 52953 | 2,118.1 [353|38.4
400 | 9.0 | 6,619.1 | 4,633.4 | 1,853.3 | 35.3|38.8
450 | 9.5 | 6.210.5 | 4,347.4 | 1,738.9 3531393
500 | 10.0 | 5.883.6 | 4,118.6 | 1,647.4 |353|39.7
1200 | 24.0 | 5.883.6 | 41186 | 1.6474 3531459
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Fig. 12 Extemal Pressures on Pipe
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Fig. 13 Dimensions of Enhanced Flange
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Table 3. Dimensions of Enhanced Flange (unit: mm)

53 300 350 1200
OD 317 368 1248
ID 300 350 1200
TD 327 380 1280
D 522 572 1564
C 400 460 1387
L 250 250 600 . . . . .
Fig. 16 Loading Condition under Burying Pi
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Fig. 14 Boundary Conditions of Connecting Flange Fig. 17 Stress Contour in Circumferential Direction
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Fig. 18 Stress Contour in Longitudinal Direction
under Extemal Pressures (D400)

Fig. 15 Loading Condition of Cantilever Analysis
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Table 4. Analysis Results by External Pressure 4.2 EHX| A ZHm|
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Fig. 20 Stress Contour of Burying Pipe (D350)
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Table 6. Deformation and Maximum Stress by Pipe

Diameter
Ny 34 w2 A

(mm) (MPa) (mm) (MPa)
71| D300 | 0.146 5.551 0.224 3.586
D300 | 0.086 3.643 0.198 2.294
71| D350 | 0.069 3.050 0.208 2.118
D1200 | 0.130 3.195 0.399 2.873
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Table 7. Buckling Strength by Pipe Types

#F | F=EFAE (kPa) | BF | F=FAE (kPa)
D150 1,554.885 D400 903.403
D200 1,431.279 D450 845.328
D250 1,160.523 D500 846.897
D300 1,046.727 | DI1200 1,196.820
D350 1,568.619 - -
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Fig. 21 Buckled Shape of GFRP Pipe (D450,
Mode 1)
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