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Plastic hinge length study of prefabricated segmental assembled bridge piers

XIE Yupeng, XIONG Ergang” , LI Sifeng, LIU Fengwei, WANG Shang
(College of Architecture and Engineering, Chang’an University, Xi'an 710061, Shaanxi, China)

Abstract: In order to investigate the plastic hinge performance of precast segmental piers with two different connection methods based
on the " cast-in-place" principle, a total of 66 concrete piers with rectangular or square cross-sections at home and abroad were
collected and assembled based on the experimental studies of four precast piers. The effects of pier height, section height in the loading
direction, material properties, reinforcement ratio, and axial compression ratio on the plastic hinge length were analyzed and the
existing plastic hinge length formulae were evaluated. The formula of plastic hinge length suitable for precast segmental assembled piers
was proposed, and its feasibility was verified by analytical method. The results indicated that the plastic hinge length increases with the
increase of the pier height, section height, yield strength, and diameter of longitudinal bars and reinforcement ratio, and decreases
with the increase of the axial compression ratio; and the formula proposed in this paper was suitable for the calculation of the plastic
hinge length of precast segmental assembled pier.

Keywords: prefabricated segmental assembled piers; new connection; plastic hinge length; deformation capacity; pseudo-static test
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Table 2 Experimental mechanical properties of concrete
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Fig.6 Hysteresis curves at the top of the piers
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Table 3 Ductilityperformance and ductility indices of piers
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Table 4 Plastic hinge length of test
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Table 5 Pier characteristic parameters
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Table 6 Calculation model of plastic hinge
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Fig.12 Calculation result of suggested formula
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Table 8 Specimen parametersin reference [ 20 |

. N MR IR
= F& H e
R L Y I/ mm
Pier.1 0.1 446 260
Pier.2 0.3 446 330
Pier.3 0.3 446 410
Pier.4 0.3 446 260
Pier.5 0.5 474 271
Pier.6 0.5 474 264
Pier.7 0.7 474 253
Pier.8 0.7 474 298
Pier.9 0.7 474 230
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Fig.13 Experimental and calculate of plastic hinge length
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Fig.14 Suggested formula comparison
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Table 9 Comparative of the calculate of plastic hinge
lengths for specimens in reference [ 20 ]

Y s WK F E ERRE
NG 0.652  1.182  0.969  0.022  0.162
SCHk[27] 0546 0.974  0.804  0.014  0.158
SCHR[28]  0.546  0.974  0.804  0.014  0.158
SCHR[26]  0.695  1.282  1.044  0.027  0.166
SCHk[29] 0712 1.296  1.061  0.027  0.163
SCER[1-2] 0455 0.812  0.670  0.010  0.158
SCHR[30] 0515 0918 0.758  0.013  0.158
SCHR[25]  0.650  1.159  0.957  0.020  0.158
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Table 10 Calculate of plastic displacement for each model Bfif . mm
W gk I TSNS
H= i 450 AR T SCER[27] SCHk[28] SCiEk[26] SCEK[29] SCER[1-2] SCER[30]  SCHEk[25]
i 105.0 96.7 69.8 78.4 91.8 101.1 76.1 70.4 77.1
DZXI-L 116.6 100.9 72.8 81.7 95.7 105.5 79.3 73.4 80.4
Eiam| 110.4 106.6 77.0 86.4 101.1 111.5 83.8 77.6 85.0
DZZT-1 - 111.5 115.8 76.4 85.7 100.3 110.6 83.2 77.0 84.3
e 50.7 50.7 36.6 41.1 48.1 53.0 39.9 36.9 40.4
DZDIL iy 60.7 55.4 40.0 44.9 52.5 57.9 435 40.3 44.1
e 138.7 124.8 99.9 112.1 131.2 144.6 94.6 111.7 110.1
DZzT2 prp 122.0 125.9 100.7 113.0 132.3 145.9 95.4 112.7 111.1
F N SBADIYEN R AR 2
Table 11 Relative error of plastic displacement of each model
. o X AXFIR /%
RIS MBTP X1 cii27] KiRi28] XHK(26]  SORI29] SRRT12] R3] SCHRC25]
e -7.9 -33.5 -25.4 -12.6 -3.7 -27.6 -32.9 -26.6
DzXI- DAL -13.5 -37.5 -29.9 -17.9 -9.6 -32.0 -37.0 -31.1
] -34 -30.3 -21.7 -8.4 1.0 -24.1 -29.7 -23.0
DZzT-l EiA ! 3.8 -31.5 -23.1 -10.0 -0.8 -25.4 -30.9 -24.4
H#Em] 0 -27.8 -19.0 -5.1 4.6 -21.4 -27.2 -20.3
DzDI- VAL -8.8 -34.2 -26.1 -13.5 -4.6 -28.3 -33.6 -27.3
Eiidm! -10.0 -28.0 -19.2 -5.4 4.3 -31.8 -19.5 -20.6
bzz1-2 VAL 3.2 -17.4 -73 8.5 19.6 -21.8 -7.6 -8.9

T B R RIZ A ST TR B AR ST | IR R R %A SRR T
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