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Replacing Scheme of Tie Rod and Construction Monitoring
Technology for Half-through Arch Bridge

ZHANG Jifeng', HE Lin*, LIANG Weijun', ZHOU Junyong’

(1. Guangdong Construction Engineering Quality and Safety Inspection Station Co., Lid.,
Guangzhou, Guangdong 510510, China; 2. School of Civil Engineering and Transportation, Guangzhou
University , Guangzhou, Guangdong 510006, China)

Abstract: Early design of half-through tied arch bridges in China inadequately addressed the
replaceability of tie rods, necessitating post-deterioration cutting and non-original-position replacement
strategies to maintain structural capacity. This paper investigates tie rod replacement and construction
monitoring technologies based on the rehabilitation project of the Second Zhongshan Bridge, which is a
(41+125+41) m three-span wind-bracing-free steel-concrete composite half-through tied arch bridge.
Technical challenges, construction schemes, finite element analysis, monitoring parameters, and control
strategies are comprehensively analyzed. A novel cross-construction protocol integrating graded tensioning
of new tie rods with phased cutting of existing tie rods is proposed. A monitoring framework is
established, prioritizing cable force control as the primary strategy, critical displacement monitoring as
the core mechanism, and structural stress verification as the auxiliary criterion. Finite element analysis
and field implementation show that the proposed methodology achieves precise control over arch abutment
horizontal displacement ( <1mm) and vertical displacements of arch ribs and bridge deck ( <10mm),
with minimal stress variations in critical arch sections. The smooth force transfer between old and new tie
rods ensures structural safety throughout replacement operations.
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Fig.1 Main bridge layout of the Second

Zhongshan Bridge ( unit;cm)
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Fig.2 Single-side cross-section layout of

the existing tie rods
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Fig.3 Detection of tie rod cable force test in

previous years
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Fig.4 Layout of the anchoring box for the

new tie rods
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Fig.5 Typical cross-section layout of the supporting

frame of the new tie rods
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Fig. 6 Typical cross-section layout of the

new tie rods
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Fig.8 Finite element model for construction

monitoring
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Table 1 Variation of main monitoring parameters

during tie rod replacement

SCHE I S8 DR A S H{H 1E
187 %% 16 i/ mm F [-2.4,2.2] okt
B S 235/ mm FEsis [-1.5,2.0] Ly
PO AR/ mm B [-0.8,0.7] W

LUl T3/ MPa AT [-65.1,20.2] M4k

AT T3/ MPa fiih [273,305]  #ustht

RATHE I/ MPa JiF A [925,955]  #i%tiE

4.2 R EHAUENE

TEAF A I 30 (27 TH AR AT N AR B I 1 AN 2
SV RO  30% , 04 75 R SEBR IH R AR 1 o0 A
A A BRI B Ml Fob 1 ARTERR AT
H BB 2 B WA OB R AT IR AR g
A Bt 5 475 T 25 40 7R 2 B B TH 2 AT HR B3R IS 19 52
JITEBL, AN 2 Fiizs o I EE AT, HER) K7 T 5 1)
fLF% MY & 7E 1. Omm, HE B K F 07 £8 B9 & 7
+0. 6mm , /1)) 5 HIGAE G2 IL-F- IO R 322 4k, 36T E
825 AR WL A IH R AT R A 2], B KA
SEHUAKCSOi A% | R T i v B B 2 O i it
JEIZKEAL 8% A8 A0 JF 42 i 72 +1. Omm , £544 52 J) %2 42
CIEGEI73

x2 HEVRZHAARHEAXNEHZ DTG
Table 2 Influences of non-uniform cable forces of

the existing tie rods on structural behavior
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Fig.9 Cutting fracture and retraction of the

existing tie rods
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Table 3 Variation of structural stress state after the

entire replacement of the existing tie rods MPa
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