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Experimental study on bending resistance of joints of large-diameter
double-layer-reinforced pipe piles
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Abstract: The failure of welded joint of the traditional lateral force pipe piles due to insufficient bending capacity has become a
key problem affecting its safety and use. In this study, the full-scale model tests are carried out based on the joints of
large-diameter double-layer-reinforced pipe piles, and the influences of reinforcement measures such as optimizing
double-reinforced structure, improving reinforcement anchorage mode, improving concrete strength grade, adding steel fiber on
the flexural performance, deformation and failure characteristics, crack distribution characteristics of joints of pipe piles are
studied. The results show that the ultimate bending moment of joints of a welded pipe pile can not reach the standard value of
the whole pile, and the main failure mode is that the upper part of the two ends of the plate is squeezed and deformed, the lower
part of the pile is opened in a drum shape, the concrete on the upper edge of the pile hoop is crushed, and the concrete under the
pile body is deformed and cracked. The strengthening measures only raise the threshold of cracking moment of joints of two
pipe piles to a certain extent, and the bending capacity of joints of pipe piles decreases with the increase of the number of holes
in the end plates. Finally, a new type of joint of bending resistant pipe piles is proposed, which adopts the structural form of stiffener
joint at the sleeve and end plate, and replaces the steel fiber-reinforced concrete pile body at the pile joint. This kind of joint
effectively improves the flexural performance of the joints of pipe piles, and makes the pipe piles have good toughness and ductility.
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Fig. 2 Detailed drawing of joint structure of pipe pile
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Table 1 Parameters of bending tests on piles

S5 EHESME/mm  BEJE/mm i /m RS ARTROOM RGBS R EAR/mm
il 1000 130 52 44012.6 2210 C80 8
2 1000 130 20+20 44012.6 22010 C80 8
3 1000 130 20+20 44012.6 2225 C80 8
4 1000 130 20+20 44012.6 2225 C80 8
"5 1000 130 20+20 44012.6 2212.6 C80 8
“6 1000 130 20+20 44012.6 2212.6 C100 8
1 1000 130 20+20 440126 — C80 8
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Fig. 4 Bending resistance tests on joints of pipe piles

5 mEEENAE
Fig. 5 Photo of loading devices
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Fig. 3 Photos of pipe pile processing
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Fig. 6 Layout of strain gauges and dial indicators
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Table 2 Comparative analysis of measured and calculated values

of bending tests on piles
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FE/KN-m)  LHE/(KN-m) BH/(KN'-m)  H5/(kN-m)
71 1285 2760 1503.11 2892.21
# 1285 2760 1477.75 2400.34
#3 1285 3726 1542.00 2298.43
#4 1285 3640 1576.15 2093.15
#5 1285 3675 1564.99 2505.65
6 1343 3931 1648.64 2292.47
#7 1287 2450 1455.44 2700.86
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Fig. 7 Load-midspan deflection curves of joints of pipe piles
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Table 3 Mid-span displacements of bending tests on pipe piles

95 PR BT /KN 5 A RS /mm
al 471.96 216.36
2 244.96 238.00
3 231.96 210.00
#4 294.96 190.00
#s 369.96 210.00
*6 350.96 195.00
1 304.99 348.00
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Fig. 8 Photos of "2~*6 pipe pile joint failure
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