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Experiment of load-bearing capacity of
novel bidirectional restrainer of navigable aqueducts
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Abstract: To avoid collision damage to the water stop at structural joints during earthquakes and prevent
water leakage that endangers the safety of ships and personnel in the aqueducts, a novel bidirectional restrainer
which bears the collision force instead of water stop and prevents the damage of water stop has been developed,
and a design method based on capacity protection for this restrainer has been established and preliminary verified
by finite element analysis. Static tensile experiments of this device are carried out. Through the experiments and
corresponding finite element analysis of the restrainer, it is further verified that its design concept and method are
practical and safe. The analysis of ultimate load-bearing capacity and the elastic upper limit (yield point) is
performed. The results show that the ultimate load-bearing capacity is determined by the material failure caused by
the local stress of the contact surface on the part with fewer plates reaching the tensile strength of the material, but
it does not affect the determination of the elastic upper limit, and the control effect of the bending deformation of
the pin on the whole deformation of the device and its protective effect on the plate. The elastic upper limit of the
device is controlled by the whole deformation curve. The safety factor of the design method of this novel restrainer
based on capacity protection is 1. 73.
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Fig. 1 Navigable aqueducts, bidirectional restrainer

and its installation
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Fig. 2 Single plate dimension of 4-5 plate restrainer
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Tab.1 Data of material property experiments
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MPa MPa GPa  {HKZ/%
Cl1 230 411 211 35.5
B o2 247 411 184 32.5
Bl 239 411 198 34.0
P1 257 417 288 33.0
W P2 230 432 251 35.5
¥E 244 425 270 34.3

Ptk B LR 3, RIRRAIIE 2 41, ok
Jite S0 far % T AMar R 2 %, B 800 kN, M AE
RIGAILL2 oy 0mak: 1) 24K 100 kN, k=
400 kN JEHIZEE 0 kN, A 3K, 4 4 WAk
%5 800 kN, 2) K 100 kN, BAEBNZRZE 800 kN,

FEJ e s

YR T T

fristom . SR |
) = 4o Sl U ik

=~ ek

3 AFEAREMERE

Fig.3 Loading device for load-bearing capacity experiment
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Fig. 4 Finite element model of 4-5 plate restrainer
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Tab.2 Deformations of each material combination mm
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A ek ZRMNGR RO R
P1-C1 1. 488 0. 131 0. 198 0.743
P1-C2 1.314 0.119 0. 186 0.556
P2-Cl1 2.506 0.184 0. 408 1. 092
P2-C2 2.397 0. 169 0. 403 0. 907
HI{HH 1. 709 0.138 0.250 0.724
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Fig.5 Comparison between experimental and

finite element model results
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Fig. 7 4-Splate restrainer deformation curves of each single plate and pin
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Fig. 10 Deformation cloud map of restrainer

under loading until failure
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