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Design and Experimental Study of Height-Adjustable Devices Using
Low-Melting-Point Alloys for Rail Bridges
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100124; 4. Beijing General Municipal Engineering Design and Research Institute Co., Ltd., Beijing 100082)

Abstract: In response to the increasing speed and strict requirements for bridge smoothness in the design of rail-elevated
bridges, this study is based on the design of the elevated bridge of Beijing Metro Line 22 at a speed of 160 km/h. A new type
of adjustable height device is developed and designed based on a low-melting-point alloy as the height adjustment medium. A
series of experimental studies are conducted, including the structural design of the device, indoor temperature and pressure
tests, full-scale pressure adjustment performance tests of the compression shear machine, and on-site beam erection tests. The
findings indicate that the new adjustable height device enables stepless bidirectional height adjustment with a rapid adjustment
speed, completing height changes within 30 s. The device achieves millimeter-level accuracy, and the alloy demonstrates excellent
stepless adjustment performance and compression stability once cooled and solidified. The accuracy and stability of this adjustable
height device not only ensure the smoothness of elevated bridge beams but also offer valuable guidance for engineering applications,
such as replacing deteriorated bearings and adjusting for differential settlement in bridges.

Keywords: urban rail transit; urban rail transit bridge; low-melting-point alloy; raising medium; adjustable height device; step-less
two-way height adjustment
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Figure 1 Line schematic of Line 22
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Figure 2 Cross-sectional view of standard U-beam of Line 22
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Figure 3 U-beams being erected
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Figure 4 Structure of a height-adjustable device using
low-melting-point alloys
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Figure 5 The working process of a height-adjustable

device using low-melting-point alloys
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Figure 6 Loading cylinder for heating and colling stress perfor-
mance tests on T70 and T92 using low-melting-point alloys
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Figure 7 Cylinder heating band and temperature sensor
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Figure 8 Results of natural temperature rise loading test
for T70 low-melting-point alloy
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Figure 9 Results of natural temperature rise loading test
for T92 low-melting-point alloy
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Figure 10  Extrusion trace of alloy
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Figure 11  The results of the artificial heating loading test

of T70 low-melting-point alloy
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Figure 12 The results of the artificial heating loading test
of T92 low-melting-point alloy
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Figure 13 Performance test for a height-adjustable device
using low-melting-point alloys

221 ZGEINATERRE

PR E RN R TG, T e B ¥ b
30 mm, ACsRANFA A I AL B AR A S Ok P
e RGE, RIS B AN A e BT ZEAT [0l 1 0] 4R
R, A B LI 1] S22 B Az A7 1 R 25 AP i
P, SR ORI EARE AUE BT e B AR TR T
R BAT RAFR R RPN, S0 T ke E
HAT R ZOM s DI fE »
222 HEINARLE

WAL B EAS), IS RS, HmdE
TEFERT SR L TG A e AR S 4k, AE i R 52
IR 1R G1 AT G2 B 1S By 2 e 4 sk
R PR. R T S Pr TRE TR rh Ay 2
AWE IR . B 1 AR, ERE RE el
PR EAE BT AR R 2 045, A R
SN

F1 FHRARAEICR
Table 1 Records of load-bearing lifting tests

TRIEHLAT 2, 500kN  1000kN 1500kN 2 000kN
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Table 2 Test records of loading during the cooling process
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Table 3 Test records of loading process after alloy solidification
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Figure 14 Test beam for bridge girder installation

(right-side girder)
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Figure 15 Installation layout of height-adjustable devices
on cap beam top
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Figure 16 Height changes during beam erection testing
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