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An Experimental Study on the Safety
of Glass Fiber Reinforced Plastic Pipes under Fatigue Load
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ABSTRACT

In this thesis, a series of loading tests are conducted in order to investigate the fracture safety of
GFRP(Glass Fiber Reinforced Plastics) pipes under fatigue load which are widely used in the de-
veloped countries becauses of their natural of anticorrosion and lightweight etc..

Fatigue test is performed by changing number of laminates and loading cycles to examine the flexural
strains, the ductility and the fatigue strength for two million repeated loading cycles. From the fatigue
test results, it was found that the larger the laminates of GFRP pipes is, the larger the stiffness of
GFRP pipes under the fatigue load increases. This phenomenon is true until the fatigue failure.

According to the S-N curve drawn by the regression analysis on the fatigue test results, the fatigue
strength of percent of the static ultimate strength increases by increasing the laminates of GFRP pipes.
The fatigue strength with two million repeated loading cycles in GFRP pipes with the laminates of
GFRP pipes varing 15, 25, 35 shows about 75%, 80%, 84% on the static ultimate strength,
respectively.
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Table 1 Material properties of giass fiber

. . . thermal | tensile | tensile | |
wide | thickness | density poisson

[mm] { [mm] { [kg/m®]

modulus | strength | modulus
el [GPa] | [GPa]
ﬁ 0.24 2627.0 [1.6X107°(1.4~2.0( 72.4 Q.22

ratio

Table 2 Composition of glass fiber

Silica Calcium Oxide Alumina Boron Oxide
53.5~35.5% 21.0~24.0% 0% 5.0~8.0%
Alkaline Oxide | Minor Oxides | Caleium Flouride | Magnesium Oxides
0.5~1.5% 1.0% 0.0~0.8% 0.0~0.8%
D = 300 mm _“_L
__________ 3 -
== - - (o]
____________ —L
-
L = 1200 mm

Fig. 1 GFRP pipe specimen
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Fig. 2 The general view of fatigue test
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Fig. 3 The relationships between ultimate load and
laminates of GFRP pipes
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Table 3 Fatigue test results

specimen aminates P, Pimax | Proa/Ps N,
number [kg-f] | (ke [%] [eycles)
Al 697.5 90.0 1320
A2 658.8 85.0 17170
A3 15 775.0 | 620.0 80.0 423340
A4 600. 6 71.5 768270
A5 581.3 75.0 1196820
B1 2612.5 95.0 20290
B2 2543.8 92.5 34140
B3 25 2750.0 | 2475.0 9.0 70120
B4 2337.5 85.0 663120
B5 2200.0 80.0 1182760
Cl1 4405. 6 95.0 52520
C2 4266. 5 92.5 76120
C3 35 4637.5 | 4173.8 90.0 90470
C4 4050.8 87.5 635760
C5 3941.9 85.0 1486820
[Note] P, ! Static ultimate strength,
Pimax . Maximum fatigue strength,
N, : Repeated loading cycles when fatigue fracture is
occured.
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Fig. 4 The relationships between the repeated loading
cycles and the flexural strain (laminates=15)
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Fig. 5 The relationships between the repeated loading
cycles and the fiexural strain (laminates=25)
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Fig. 6 The relationships between the repeated ioading
cycles and the flexural strain (laminates==35)
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Tabie 4 The relationships between the number of
repeated loading cycles and the residual strain

repeated residual strain [X107]
loading laminates laminates laminates
cycles 15 25 35
1 0 0 0
10 —73 —21 —18
100 —50 —25 —26
1000 -189 —59 —20
10000 -320 —84 —49
50000 - —162 —80
100000 - —159 —60
200000 - —308 —~106
300000 - —245 —107
400000 - —280 —84
500000 - —190 —46
600000 - —230 —213
700000 - —304 —128
800000 - - —148
1000000 - - —180
1100000 -~ - —204
1200000 - - —215
1300000 - — —241
1400000 — — —259
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Fig. 7 The S-N curve of GFRP pipe (laminates=15)

|
1
i
i

i
i
i
|
i
i
i
1

100000 100000
CYCLE LOAD NUMBER

® N=28
Fig. 8 The S-N curve of GFRP pipe (laminates=25)
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Fig. 9 The S-N curve of GFRP pipe (laminates=35)

ol &2 AAFM o3 A rs) J25y
WA tedt 2o Judes vehd & Atk
1) #2404 4357 1590

Y=106.2—4.9-log N
2) fedR) 257 25U

Y=127.1-7.6-log N
3) FeEld % 4557 590

158

Y=120.9—5.8-log N
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