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Abstract: The joint of prestressed concrete cylinder pipe (PCCP) is the most vulnerable location.
In order to study the mechanical response and failure mode of the joint when the relative angle occurs, a
refined three-dimensional model of the PCCP joint was established based on nonlinear finite element
method. Combining the stress distribution of each material at the joint and the slip-out failure analysis of
the rubber, the effects of the relative angle, joint gap, and the fit clearance on the joint were studied.
The results showed that when the relative angle reached 1.434° the joint would fail due to the rubber
slipping out completely, and the concrete at the joint was the most vulnerable to tensile cracking. The
slip out of the rubber would increase with the development of fit clearance, but it would help reduce the

stress of each material. The increase of the joint gap was not conducive to the protection of the joint. The
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research results can provide basis for the design, construction and maintenance of PCCP.
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response; failure analysis
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Fig. 1 Tube size of PCCP

J=25 mm_ E=110 mm
e |

4, 4 bl i B ‘, |
=0 o KL
a. IR RS
b=10 mm e=26 mm
= L1T]
b. 28R
H2 FAEOESLARY

Fig.2  Joint size of PCCP
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Tab.1 Parameters of rubber ring Mooney — Rivlin strain energy

function
miH CO01/MPa C10/MPa D1/MPa™'
BUE 0.43 0.07 29.4
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Tab.2 Material parameters
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Tab.3 Relative angles of joints under different cases

T4 B AIRS h/mm | B AE 0/(°)
1 - 10 0.105
2 -20 0.216
3 -40 0.439
4 - 60 0. 662
5 - 80 0.883
6 - 100 1.104
7 - 130 1.434
8 - 150 1.653
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Fig.5 Circumferential maximum principal stress of concrete
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Fig.6  Circumferential stress of prestressed steel wires
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Fig.7  Circumferential stress of steel cylinder
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Fig.9  Schematic diagram of joint failure
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HIXTHAALE/ (%) ARV 1 i i/ mm
0.105 0.17
0.216 2.33
0.439 9.18
0. 662 16.68
0.883 24.98
1.104 34.17
1.434 49.02
1.653 59.44
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Fig. 11 Stress of each material under different fit clearance
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