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Abstract

The multi-rib tied-arch bridge is a novel and complex bridge structure developed to accommodate
the continuously increasing traffic flow in China. Implementing full-process construction monitor-
ing plays an indispensable and critical role in ensuring structural safety and construction accuracy.
This paper takes the main span—a three-arch steel box tied-arch bridge of the overpass crossing
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the Wuji Expressway in the Yifeng County Industrial Park to Railway Station Highway New Construc-
tion Project—as the engineering background. It focuses on the construction monitoring technology
for the integral incremental launching process of a multi-rib tied-arch bridge across an expressway.
By employing the finite element software Midas/Civil, refined simulation and calculation of the en-
tire incremental launching construction process of the arch bridge were conducted. Based on the
computational analysis results, a corresponding construction monitoring plan was proposed. Mean-
while, real-time monitoring of the structural states under various working conditions was carried
out during the incremental launching process. The discrepancies between the measured data and
theoretical data were analyzed in real-time, allowing for continuous adjustment and correction of
the actual construction process. This ensured that the internal forces and deformations of key com-
ponents remained within the allowable limits specified by the relevant codes throughout the entire
incremental launching, leading to the successful completion of the launching construction.
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Figure 1. Elevation layout of the bridge (Unit: cm)
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Figure 2. Cross-sectional layout of the bridge (Unit: cm)
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Figure 3. Finite element model
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Figure 4. Deformation diagram of the main bridge under the most critical condition during incremental launching construction
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Figure 5. Stress diagram of the bridge structure
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Figure 6. Cable force diagram of hangers in the completed bridge state
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Figure 7. Stress monitoring equipment and installation
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Figure 8. Automated acquisition and transmission system for stress monitoring
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Figure 9. Time-history curves of arch rib stress during incremental launching
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Table 1. Measured data of tie beam alignment

T 1. RRERSTMNBIRER

T AR R AR AR
MEAE i S RE iR S RE iR S RE

(m) (m) (m) (m) (m) (m) (m) (m) (m)

AT 1 78.196 78.195 —0.001 78.424 78.424 0 78.196 78.196 0

w2 78.301 78.304 0.003 78.530 78.537 0.007 78.301 78.300 —0.001
Mt 3 78.391 78.378 —-0.013 78.622 78.620 —0.002 78.391 78.386 —0.005
mit 4 78.468 78.460 —0.008 78.699 78.708 0.009 78.468 78.475 0.007
M5 78.531 78.535 0.004 78.762 78.757 —0.005 78.531 78.521 —-0.010
mit 6 78.580 78.575 —0.005 78.811 78.821 0.010 78.580 78.571 —0.009
w7 78.616 78.610 —0.006 78.845 78.839 —0.006 78.616 78.620 0.004
miT 8 78.637 78.649 0.012 78.866 78.855 —0.011 78.637 78.630 —0.007
w9 78.644 78.644 0 78.871 78.870 —0.001 78.644 78.650 0.006

Table 2. Measured data of arch rib alignment
7= 2. BT TNBIER

I B e Tt R A Bl e
A E iR S RE i S RE it S RE

(m) (m) (m) (m) (m) (m) (m) (m) (m)

/N B HE 85.216 85202  —0.014 85515 85.500  —0.015 85.180 85.173 -0.007

1/4 #t 93.072 93.082 0.010 93.187 93.177 —-0.010 93.089 93.094 0.005
P 95.666 95.662 —0.004 95.785 95.789 0.004 95.682 95.662 —0.020
3/4 #t 91.303 91.294 —0.009 91.579 91.574 —0.005 91.436 91.418 —0.018

K EFEHE 86.675 86.686 0.011 86.017 85.999 —0.018 86.581 86.584 0.003
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Table 3. Measured deflection data of launching nose
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W A ALFR (m) BaE AR (mm)
WS E I 55 1) :
X Y Z 5kt YAt
YIGAE 3135454.303 38581668.906 78.141 / /
T 8 3135452.362 38581635.492 78.078 -12 —-63
\ ThifEA 9 3135451.770 38581629.120 78.073 -5 -68
521 db)
T 10 3135451.468 38581621.694 78.092 19 —49
ThiEd 11 3135451.293 38581614.254 78.100 8 —41
T 12 3135450.808 38581607.712 78.093 -7 —48
HIGAHE 3135440.717 38581669.994 78.155 / /
T 8 3135438.686 38581636.357 78.098 -9 -57
T 9 3135438.090 38581630.000 78.092 -6 -63
S22 (#)
TiHEF 10 3135437.793 38581622.663 78.110 18 —45
T 11 3135437.613 38581615.307 78.118 8 -37
ToHERF 12 3135437.123 38581608.886 78.112 -6 —43
YR 3135428.013 38581671.102 78.132 / /
ThiffErp 8 3135424.946 38581637.273 78.068 -9 —-64
‘ Tt 9 3135424.359 38581631.109 78.066 -2 —-66
S 3 ()
ThHEd 10 3135424.061 38581623.587 78.083 17 —49
ThE 11 3135423.880 38581616.422 78.093 10 -39
ThER 12 3135423.392 38581609.989 78.084 -9 —48
5.4. IERHBETMEMIEAE R
THUFHE A A2 rP i A S B I &5 SR e 4 TR o
Table 4. Measured settlement data of temporary piers
% 4. IEEHEETBE SN BIER
T A AL FR (m) VL% (mm)
WA E W) S5 ] )
X Y Z 5 EFRt H5¥1iaE
WA 3135456.622  38581668.440 71.762 / /
TidfEA 1 3135456.617  38581668.443 71.758 —4 —4
L5 (db)
T 2 3135456.615  38581668.442 71.757 -1 -5
ThiAfE 3 3135456.618  38581668.444 71.759 2 -3
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g
LN 3135439.848  38581669.809 71.788 / /
TidfE 1 3135439.851  38581669.811 71.787 -1 -1
L5 (#)
TidfEr 2 3135439.850  38581669.810 71.784 -3 —4
T 3 3135439.848  38581669.810 71.783 -1 -5
WIZH1E 3135426.180  38581670.924 71.829 / /
T 1 3135426.178  38581670.920 71.827 -2 -2
L5 (F9)
TiAE A 2 3135426.177  38581670.922 71.825 -2 —4
TiifEH 3 3135426.178  38581670.923 71.825 0 —4
WL 1E 3135453.615  38581626.884 71.963 / /
T 1 3135423.618  38581626.883 71.967 4 4
L6 (k) Thidfer 2 3135426.619  38581626.882 71.964 -3 1
TiAEA 3 3135426.618  38581626.884 71.963 -1 0
TidErh 4 3135426.616  3135426.885 71.961 -2 -2
WITH1E 3135439.894  38581627.954 71.985 / /
TidErh 1 3135439.898  38581627.952 71.988 3 3
L6 (1) T 2 3135439.896  38581627.953 71.984 —4 -1
TiidtEr 3 3135439.895  38581627.953 71.984 0 -1
TitEr 4 3135439.892  38581627.955 71.982 -2 -3
WITH1E 3135426.187  38581629.064 71.967 / /
TiAEr 1 3135426.189  38581629.067 71.970 3 3
L6 (F) TiAEr 2 3135426.188  38581629.066 71.967 -3 0
TiidtEr 3 3135426.186  38581629.064 71.964 -3 -3
Tt 4 3135426.190  38581629.066 71.962 -2 -5
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Table 5. Measured axial deviation of main bridge after incremental launching

= 5. TouERE T 5e plfa JE Al s R A SE =

I 3 AARR (m)

il 5 , ; @ig(ﬂjn r;uﬁ iﬁ{fjﬁé(ﬂjn r;uﬁ (iif)
e RRENEAR 3135427.843 38581672.046 77.981 -13.750 —13.745 -5
7i R 3135426.252 38581652.462 78.105 -13.750 -13.753 -3
VaE Y YNEY 3135424.485 38581630.470 78.237 -13.750 -13.742 8
hRZNERE 3135441.495 38581670.386 78.201 0 -0.003 -3
Rk 3135439.902 38581650.578 78.336 0 0.005 5
R ERE 3135437.850 38581625.297 78.461 0 -0.004 4
HRP/NEFE 3135455.249 38581669.880 77.989 13.750 13.747 -3
R R+ 3135453.553 38581648.716 78.122 13.750 13.757 7
VEEY YNV 3135451.477 38581626.029 78.249 13.750 13.752 2
Fe LTI 3135426.245 38581652.277 94.630 -13.750 —13.745 -5
SAE YN 3135439.862 38581650.105 94.628 0 0.003 3
L HETI 3135453.638 38581649.837 94.639 13.750 13.756 6
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