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ABSTRACT

In general, pipes buried underground can be classified into either rigid or flexible pipe. Glass fiber reinforced thermosetting
polymer plastic (GFRP) pipe can be considered as one of typical flexible pipes for which the soil—pipe structure interaction
must be taked into account in the design. In this paper, we present the result of an investigation pertaining to the short—term
and long—term behavior of buried GFRP pipe. The mechanical properties of the GFRP pipe produced in the domestic
manufacturer are determined and the results are reported in this paper. In addition, Ring deflection is measured by the
field tests and the finite element analysis. Also, the extrapolation using these techniques typically extends the trend from
data gathered over a period of approximately 5,232 hours, to a prediction of the property at 50 years, which is the typical
maximum extrapolation time. Therefore, it was investigated that the long—term ring deflection of GFRP pipe estimated by

methods for Monod—type.
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Fig. 1. Composition of GFRP
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Table 1. Compression test result of FRP
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Longitudinal Max_ strength
) Max_ load (kN) Max, displacement (mm) modulus of elasticity ) 9
Specimen No. (KPa) (kPa)
Experimental Average Experimental Average Average Average
CC— 25155 588
CC-2 265,73 258,32 777 7.40 11,780,000 38,260
CC-3 257,67 8.54
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Table 2. Ring stiffness test result of GFRP
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' 5% Displacement Max_ load Circumferential
Specimen No, -
Load (kN/m) Pipe stiffness (kPa) (KN/m) modulus of elasticity (kPa)
GFRP-1 74.35 619,56 1,765.88 23,000,000

Fig. 2. Construction of GFRP pipe
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Fig. 59} Zro] GFRP & A =2

Classification Modulus of deformation Poisson’s ratio Unit weight Adhesion Internal friction angle
E (kPa) v % (kN/m’) ¢ (kPa) ¢ ()
General Fill 40,000 0.30 20.19 0.0 35.0
Pipe Bedding Material 30,000 0.30 17.85 0.0 30.0
Residual soil #1 50,000 0.30 18.00 0.0 34.0
Residual soil #2 80,000 0.30 19.00 0.0 40,0
Weathered rock 15,000 0.30 20.00 30.0 35.0
Soft rock 30,000 0.25 22.00 50,0 40,0
Table 4. Soil properties of pipe bedding material
o Modulus of deformation | Poisson’s ratio Unit weight Adhesion Internal friction angle Degree of
Classification 3 o :
E (kPa) v 7, (KN/m) ¢ (kPa) o (°) compaction
PBM #1 30,000 0.30 17.85 0.0 30.0 Good
PBM #2 3,000 0.30 17.85 0.0 30.0 Poor
P s :‘7.2?7'\
k
(a) Grid mesh (b) Modeling of GFRP pipe
Fig. 5. Modeling
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Table 5. Compare of result

Result of FEM (mm) Experimental result (mm)
Embankment Location Vertical Horizontal Vertical Horizontal
displacement displacement displacement displacement

5m -19.62 17.85 —17.02 17.09

5m 15m —19.59 17.82 —24.88 18.71

30m -978 762 -19.29 16.13

5m —4154 37.86 =31.14 29.74

10m 15m 41,562 37.84 —48.04 32.80

30m 20,40 15,94 -37.95 2778

5m —68.36 62.36 —46.08 4352

16m 15m —68.41 62.40 —73.79 51.33

30m -33.22 26.02 —63.89 4719
Sm, 10m, 16m= SAEZ JEPS 49 242t s = 27t Fasith &, Ale$ 30 S #HF ol
WS soich SiAo] ALGRE AUFS AR Table 49H 7 3%S WX QReThY S0W Fol= THARL 5% WA o
S, GRPH FH AW Pipe Bedding Material #2(Table = 07 o Bix v 3111]-( im, 2011). o]&3F AAF
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Aol AR AApR a2 Fig. 59F Zom, GFRP ¥ Ao LsHlE 9] o= the Ae o Qe I
Shell@ a2 Helgstgl o, sjilof] AMg-3F GFRP 9] W Eule EARS] =7 95% o dolojof gttt o= gt
ARSAE ehdmsly 39 SAYGFRPRE A dRs AT 48 B9 2 Kinool)e we
wo|/d(orthotropic) f 2ol 7H7] wizoll ol& st thgl oF 90% o) de] 7 l%%l% 11“—16}01 Monod-type

L P B R e e B
FHE = B - E)e AL3HArhKim, et al, 2012).
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ofelgt ol 30m 4| ew} w7} HelEof 4]
7] o] o5 meleel vhojat Aufoln], Sm AHE T
£A1714) kap) whitel 4 qizq o= 2 wigo] WA A

o poE 3 BEY Hr e thye 2o 5
2 AFg3tel 95%S Buska gl Ao Slsglont
ol A7he4 chyAR| Y o] of¥y] o] 3%
5ol eIl F4k chalo] o]Fo] A7 glo} wuldo]
HlLA] S WAk 202 AZPEITh webA, SX 5
gt cha e AAS) welslok & Zelc.

-

5. XIS GFRP #2| B7|HE o=

38 SIEESMREIS=EE M13H Mz

AAUAT dojE a%sroq Sgere 4 et 2
W) = @

A (2)°M p 1 751401] e EHYola, 7= vl

3%%533_ &3}, %ﬂ%ﬁéoﬂ oA = 5%ef =Hst
© FAE AT 4 ()] Y o Sanet £ A
9] Xl%uﬁ*é*a‘%*éd% BlaLste] Fig. 60 WER Sict
Fig. 6(a)ollA A Hlolel7} 2] (2)¢] 2aE 2338l= 7
S Holal glont, ohaf A viel o] AlgeR 2

Foll AT BHOE AF F 19 o, AFL4 oF 100
U2 235 H¥ 4] 2)9] Aupuct &S G| &
A oIk web, S04 TIPS 5% ol A
0% BEE, Fig 60)9] 29 AZH WY dofe]
L BE 4 ()] Auphct 27] G 504 F 5% ol
o BHYS AZT 4 9k



Ring Deflection(%0)

B Ape 23 ]
RP %94 I2A AEEAN B}

Sastgon, B dmiy

)

2 #

e ———T
——

———

No. 1(Experiment)
No. 3(Experiment)
No. S(Experiment)
Monod Type

100 200 300 400

Time(Day)

(a) Vertical displacement

Ring Deflection(%0)

3k
S S g
r’ ‘:— : ————————— -
e ——
2t =
—_—— No. 1(Experiment)
1k | m——_——_——— No. 3(Experiment)
_______ No. S(Experiment)
Monod Type
0 - x :
100 200 300 400
Time(Day)

(b) Horizontal displacement

Fig. 6. Compare of prediction result
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