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Charactenistics of Structural Behavior and Safety Estimation of Water Supply GFRP Pipe

Lee, Bo-Be’, Lee, Seungsik ', Joo, Hyung-Joong , and Yoon, Soon-Jong™~

ABSTRACT

In this paper, we present the results of experimental and analytical investigations on the structural behavior
of GFRP pipes used in the water supply pipeline system. Cross-section of the pipe is consisted with two GFRP
tubes and polymer mortar between the tubes. Due to the advantages such as light-weight, corrosion resistance,
smooth surface, flexibility, etc., use of GFRP pipe in the water supply pipeline system is ever increasing trend.
Therefore, more optimized structural design methodology should be developed. In the investigation, we
conducted theoretical and analytical studies on the load versus radial deformation characteristics of GFRP pipes.
In addition, ring stiffness test is also performed. Test results are compared with theoretical and analytical
results and it was found that the results are agreed well within 5% of radial deformation. Finally, it was also
found that the GFRP pipes used in the water supply pipeline system are strong enough to satisfy the industrial
requirements.
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Fig. 1 Manufacturing process of GFRP Pipe(Hankuk Fiber Co.[1]).

Table 1 Thickness of GFRP water supply pipe

Layer G-¢1,200 S-$1,200
Inner 7.3 mm 125 mm
Polymer mortar 10.4 mm 3.1 mm
Outer 6.4 mm 8.7 mm
Total 24.1 mm 24.3 mm

G: waste water supply S: water supply

Fig. 2 Cross-section configuration of GFRP pipe(Hankuk Fiber Co.[1]).

22 REdREEH Mz A5y 4F

fFedfuge] 2 32 P45 ot Bev mage
W GFRPS] ooty gae thewt ol AYe B3l 24
e

(1) GFRP

FelaaERTe TR o

AEe Edw mZg2 3 A A == M=
g (Ring)Fe2 Atsta o]& AH5E3te] Fig. 3(a)et 2ol
so ez Aot =3, HUF AHS Fig. 3(b)2t
Zro] @lgld] (Dumbbell shape)® Awhsle] A|=}s}gich.

@ (b

@

Fig. 4 Tension test and failed specimen.
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Fig. 5 Compression failure of polymer mortar specimen.
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Fig. 6 SBHQ6 element(GTSTRUDL, 2002[7]).
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Fig. 10 Load-displacement relation (S-¢1,200 mm).
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Table 2 Comparison between experimental and theoretical loads

Type Displ. Load (kN) e
(%) @ Experiment @ Theory
G- 3 8.93 8.70 2.57
¢ 1,200 5 14.31 14.50 -1.33
S- 3 10.29 9.93 3.50
¢ 1,200 5 16.6 16.55 0.30
Te= ®(I)® % 100(%)

FHAFETGTE 2ol deiMe SR HAS e
HrtE oy Ao R A3 A9 W] 4t digh
AEE Fasit o] AfeAe fEldREdEe oe %
etell gk ehdAde B FAE Fastel v ol A
Eatoltt
4.1 #o| 2 "ot
(1) 9FAE

el daEgae Qodel gk oA I EAIF T
ZAANEE B FRISHEE KS M 3370[10]011&1 Aokst Q)
oh QAT AQAEAFL olu] PelAl @tﬂo}mowi o]
olMe T7|ed HnE F8f A o5 EJ%}&";E}

el dREEte] QA EAR AT S5E °1 A Table
39 z7] 7‘01H & QA= (KS M 3370[10] % ) 7]% o]

Aol Ao FAstu glov, A
zoz 27 Qo AR

460 NImme Z7}sto] uj<

1823 1,200 mmts: 7]
=7} 2,051 NmmZ 7]%3]¢]
QHAgE A= F7hE I

Table 3 Initial longitudinal specific tensile strength (KS M 3370[10])
Nominal Nominal pressure (PN, N/mm)
diameter
(mm) <4 6 10 16
1200 205 260 380 460
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Table 4 Test criteria for the water pressure (KS M 3370[10])

. Test pressure[ M/ Pa]
Description
Type 1 Type 2 Type 3

~ 300 2.4 15 0.9
Pipe 350~600 2.4 15 0.9
diameter 700~1000 24 15 0.9
(mm) 1,100~1,200 24 15 0.9
1,250~ 2.4 15 0.9

Pressure maintaining time Maintain 15 min.

Fig. 11 Water pressure test of GFRP pipe.
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Fig. 14 Watertightness test at the joint.

Fig. 12 Failure test of GFRP pipe.
Table 5 Water pressure at the joint (KS M 3370[10])
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Fig. 16 Reinforcement by hand ray-up.
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Table 7 Results of the ring stiffness test

Deformation ratio Failure load (kN)
22.07

98.79

3%

16%

5.3 78t 45|

1

dedgeld By fedfEtge 124 A Akt
71 $A% %&sﬁqi ANSYS Ver. 11[11]& A-g3tgo0, 3
AAT fEdaEgTe] YRS Fig. 170 debgict
¥3h, M3 S (Deformation ratio)o]] w2 3122 Table 8o 7
glsto LEhf ik

Bgo] AR&EE Egeolo]d FRP (9 mm)e] gHIASE
111 GPa, S3Es 1965 MPao|m, o] $3]& A= o|Y
FRPE =2 Alelal, AGAIES s3ste] 243 olch

°1-'
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Fig. 18 Comparison of results.
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