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Measurement and analysis of deformation behavior of polyethylene pipe subjected
to biaxial repeated loading-unloading

KUWABARA, Toshihiko

13,900,000

(PE100)

PE100

PE PE
PE

Third-generation high-density polyethylene §PE100) is being adopted by water
utilities across the country due to its earthquake resistance and long-term durability. Although

water pipes are subjected to multiaxial stress during actual use, their deformation characteristics
under multiaxial stress conditions have not been elucidated. In this study, we performed biaxial
stress tests using a biaxial tube bulge testing machine that can apply arbitrary biaxial stress to
circular pipes. First, we measured the deformation behavior of a PE100 pipe in linear stress paths
(constant principal stress ratio between the pipe axis and circumferential directions). It was found
that the behavior can be roughly reproduced using a higher-order yield function. Furthermore, the

behavior in nonlinear stress paths was found to deviate slightly from the calculated values based on
the material model created from the linear stress path experiment.
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Fig.1 Schematic diagram of the multiaxial tube expansion test
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Fig. 2 Contours of plastic work normalized by o
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Fig. 3 Measured stress points forming contours of plastic work, compared with the yield loci calculated
using selected yield functions
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Fig. 4 Directions of plastic strain rates, compared with those calculated using selected yield functions
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Fig. 5 Reference and experimental non-linear stress path

HE SIS IR & Fig. 5 127, Path 1,2 WFHICBW T, FEHEICERE
MERAFITENE LT Z & 2R LTz, FERIEIG DRI I R ICE S B DAL % Fig.
6 \ZART. BITMMEOT AR 2B L, ZOMEE & LRz, I, HEA
DFEi#% 10s & L7z, Fig. 6 FOYIISNRRENFEZRT. ISTIREEE, BIXE DK
B O b TEBET D, ZORSR LIV, FERIS IRIZIZI\W T PE100 [ ZIERRRI 2 72 & 7
NI ERRIBEEND.



g0

o |PE100 !

© Ej ||Path 1

© oz

% -\ 2277 e

Q0 Prssg = Exp.

3 40 s / * SPCP

= 2= P =0.20

o [- 0

5 20 £ _/ - - - -von Mises
P ~ - -Hill
L A —— Y1d2000-2d
o (M=5.0)
5 38 40 42 44 46 48 50 52

Loading direction /°

Fig. 6 Direction of plastic strain rate  of non-linear stress path

Path 1 |23\ T B 2MEEN L TV 2B, MO TARBSIEE L2720 Th o, Akl
BB 28T, BEISHORSEENTEHEOEFNCEILPHIETHD. TDd, —ED
HIGNZMFFL LD & 758, HINORIEMARE L CTLE . LRI, BHEOT
RIENIREN L2 Z L2k B BIREI L7, —7, Path2 [IZBWT B DIE#H AT 5TV 5
A, NEOHIEIC T T v VX =R 7T EANTZZ I8, og% —EITHRDBITEIS D
NIRFHILOSHEWZDTHD.

RN OHLNTMAEZUTICE LD 5.

(1) &5=0.24 \ZFW\TH IS 2 ER L, PE100 OS5 268h 4 I E L 7.
(2) €)=0.24 1281 2 WM 2% L C Y1d2000-2d B R BEES BB I B 72
(3) BIEIE IR IBUNT, PE100 I3 iR 2T 7=

(4) IERIEIEIRIEIZH T, PEI00 (HIERR I &3 72 S 7220,

BZ 0

) BEAKHARY =F LR T AT A, KERKARY =F L & OMEMEEICE
55 BAIE R, (2017),  2-4.

2) BOKHRY =F Lo T AT e, KERAKMRY =F L AFRKO 100 FFFbm
DIRFE, (2014), 3-47

3) Barlat, F, Brem, J.C., Yoon, J.W., Chung, K., Dick, R.E., Lege, D.J., Pourboghrat, F., Choi, S.-
H., Chu, E.: Int. J. Plasticity, 19 (2003), 1297-1319



1 1 0 0

Kubo S., Kuwabara T., Sumiyama T., Kobayashi T., Furuichi K., Nonomura C. 16

Measurement and Analysis of Deformation Behavior of Thermoplastic Elastomer Tube Subjected to 2023
Biaxial Tensile Stress under loading and unloading

International Journal of Material Forming 27

DOl
10.1007/s12289-023-01752-5

4 0 2

Shintaro Obuchi, Sohta Kubo,Toshihiko Kuwabara

Measurement of biaxial deformation behavior and material modeling for HI-PVC using multiaxial tube expansion test

10th International Conference on Tube Hydroforming

2022

2022

2022

S. Obuchi, S. Kubo, T. Kuwabara

Measurement of Biaxial Deformation Behavior and Material Modeling for HI-PVC using Multiaxial Tube Expansion Test

25th International Conference on Material Forming (ESAFORM2022)

2022




2024

2024

http://web.tuat.ac.jp/~kuwabara/index.html




