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A Study on the Fracture Safety of
Glass Fiber Reinforced Plastic Pipes

A 4
Won-Kyu Chai

ABSTRACT

In this thesis, a series of loading tests are conducted in order to investigate the fracture safety as
structural materials of GFRP(Glass Fiber Reinforced Plastics) which are widely used in the developed
countries becauses of their natural of anticorrosion and lightweight etc. .

In the fracture test, the mid-span displacement, the strain and the yield load of the GFRP pipes are
measured for different number of laminates, and fracture energy is estimated.

From this study, it is known that GFRP pipe could be used as structural materials in underground
buried pipes if their ductility and strength are increased by controlling number of laminates.

Furthermore, because of their merit of lightweight, they can contribute greatly to reduction of construc-
tion cost when they are employed.
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Table 1 Material properties of glass fiber
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Wide Thickness Density Thermal expansion Tensile Tensile Poisson’s
modulus strength modulus ratio
{mm) {mm) (kg/m?) (/C) (GPa) {GPa)
1.20 0.24 2627 1, 6X10° 1.4~2.0 72.4 0.22
Table 2 Composition of glass fiber
Silica Calcium Oxide Alumina Boron Oxide
53.5~55.5% 21.0~24.0% 14.0% 5.0~8.0%
Alkaline Oxide Minor Oxides Calcium Flouride Magnesium Oxides
0.5~ 1.5% 1.0% 0.0~0.8% 0.0~0.8%
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Fig. 1 GFRP pipe specimen
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Fig. 2 The general view of fracture test
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Table 3 Fracture test results

YIELD LOAD(ton)
N

D N Py Sy ey G;
(mm) (kgf) | (mm) | (X10%) | (Kgi/cm)
15 775.0 | 12.12 1739 33.406
250 25 1 2750.0 8.06 736 45,570
35 | 4637.5 7.18 811 51.093

D = diameter of GFRP pipe; N = laminates of glass fiber;
Py = yield load; 5y = mid-span displacement at the yield
load; ¢y = tensile strain at the yield load; Gf = fracture
energy at the yield load
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Fig. 5 The relationships between the load and the
mid-span displacement(N = 25)
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Fig- 6 The relationships between the load and the
mid-span displacement(N = 35)
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Table 4 Flexural strength of GFRP pipes when the mid-span displacement is 2.5% of the diameter

N t d dp Py oy Pss o025 Mzs 025
(cm) (cm) (cm) (kef) {mm) (kgf) (mm) [ (kgXcm) | (kg/cm?)
15 0.3 25 25.6 775.0 12.12 480.0 6. 25 12000.0 80.5
25 0.5 25 26.0 2750.0 5.53 2848.5 6.25 71212.5 284. 4
35 0.7 25 26.4 4637.5 7.18 4318.5 6.25 107962. 5 305.3

N = laminates of glass fiber; t = thickness of GFRP pipe; d; = inside diameter of GFRP pipe; dy = outside
diameter of GFRP pipe; Py = yield load; §y = mid-span displacement at the yield load; P25 = load when the
mid-span displacement is 2.5% of the diameter; .5 = mid-span displacement when the mid-span displacement is
2.5% of the diameter; M2s = bending moment when the mid-span displacement is 2.5% of the diameter; 425 =

flexural strength when the mid-span displacement is 2.5% of the diameter.
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Table 5 The flexural strength comparison between
GFRP pipes and cather pipes
[Unit : kg/cm?]

Hard | High | Nylon GFRP pipe
PVC | density
pipe | PE pipe | pipe | N=15 | N=25 | N=35

216.3| 66.78 | 63.0 80.5 284.4 305.3
N = laminates of glass fiber
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