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Research on key factors influencing relative angle of prestressed
concrete cylinder pipe in soft soil foundation
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Abstract: The prestressed concrete cylinder pipe(PCCP) has been widely used in underground water conveyance projects, especially
in the south-to-north water diversion project. Pipeline interface belongs to the semi-rigid structure; while the relative angle of
adjacent PCCP is larger than the allowable angle, PCCP will produces internal force in bell and spigot. However, if it is located in the
serious uneven soft soil foundation, it may produce excessive angle and even destroyed. Therefore, how to control the PCCP produce
excessive angle in soft soil foundation becomes one of the key issues in researching pipeline safety. Firstly, what factors lead to
relative angle is analyzed. Then combined with field test and numerical analysis, the key factors for control PCCP angle is determined.
Research results show that the thickness of the gravel cushion, the thickness and compactness of the sand cushion are the most
important factors to control excessive angle. As the thickness of the gravel cushion, the thickness and compactness of the sand
cushion increase, the relative angles decrease. The research results can provide basis and guidance for PCCP pipeline engineering
design in soft soil foundations.
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Fig.1 Structure chart of prestressed concrete cylinder pipe
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Fig.2 Sketches of angle generation mechanism
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Fig.5 Construction process
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Table 1 Construction parameters
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R lem JBEfE/em  JE(° ) JEElem  ESERE O ERSERE
T 1 15 20 110 50 0.8 0.8
T2 20 20 120 70 0.85 0.8
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Table 2 Monitoring results of construction site

TH1 T2
o KPR R EE S KPR R
G’y ) 1) Gty ) )

033~034 0.2 0.3 189~190 0.10 0.2
089~090 0.5 0.5 051~052 0.10 0.5
132~133 0.6 1.2 199~200 0.10 0.1
166~167 0.9 0.7 033~034 0.04 0.4
185~186 0.4 1.3 178~179 0.40 0.7
191~192 0.0 0.6 007~008 0.10 0.3
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Table 3 Structaral dimensions of PCCP

g4 R~/ mm
HEHNR 2 400
HiEsME 2774
AR R 2
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Table 4 Calculating parameters of PCCP

LT R (kg/m®)  BAPERTR/GPa VAL
PCCP 414 7 850 210 0.3
TRt 2500 34.5 0.2
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Table 5 Calculating parameters of foundation soil

- R FEA R RN P R S
[g/em®) /MPa /kPa )
TR Ml 1.85 45 13 15
fickyi 1.70 2.4 12 5
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Table 6 Calculating parameters of gravel cushion

BE HPERLR FEI NEEEA
s AL i
Ag/cm’) /MPa /kPa )
WA 2.20 120.00 0.28

ik 1.67 30.47 0.30 0 36
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Table 7 Calculating parameters of sand cushion

. TR BPERRE R
He s 3 .
Ng/em’) /MPa )
0.70 1.39 19.06 30.96
0.75 1.47 22.12 31.45
0.80 1.57 26.55 32.09
0.85 1.67 29.47 33.39
0.90 1.77 40.69 37.58
0.95 1.87 47.24 39.99
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Table 8 Calculating parameters of backfilled soil

. T PR RN P EERE S
SR 5 .
/(g/em’) /MPa /kPa (°)
0.70 1.30 10.55 8.39 10.58
0.75 1.47 11.10 8.63 11.15
0.80 1.57 12.50 10.67 14.45
0.85 1.67 15.25 12.70 16.44
0.90 1.77 20.50 17.50 20.80
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Fig.9 Nephogram of horizontal displacements of
construction condition 1(unit: m)
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Table 9 Angle comparison between calculated
and measured values

T Fefn ik 5AE/C ) FefSENEC )
1 1.28 13
2 0.69 0.7
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gravel cushion thickness
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Fig.11 Relationships between angle and sand
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