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Abstract: In order to complete manufacturing error inspection and pre-assembly swiftly for
prefabricated bridge steel box segments, a novel digital pre-assembly method utilizing 3D laser
scanning point cloud models was introduced. At first, 3D laser scanning measurement technology
was used to create the steel box segments’ foot-scale point cloud models, which were then

improved using pre-processing techniques to reduce noise and maintain integrity. Subsequently, a
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rapid boundary extraction algorithm and a planar point cloud projection algorithm was developed,
enabling automatic boundary delineation of the 3D foot-scale point cloud models and facilitating
dimension reduction of preassembled cross-sectional data. Additionally, an automatic feature
corner point extraction algorithm for boundary point clouds was presented, as well as a method
for aligning preassembled cross-sections of steel box segments using these feature points. This
approach also included new evaluation indices to assess the pre-assembly’s efficacy. Finally, the
digital pre-assembly method’s feasibility and accuracy were demonstrated, through method
comparison and accuracy verification, using simulated point clouds from steel box segments of
arch ribs in a specific tied arch bridge, and on-site scanning experiments validated the method’s
practicality. The results show that this method achieves efficient and high-precision virtual pre-
assembly of steel box segments with a maximum manufacturing dimension error of 0. 02 mm,
outperforming traditional methods under simulated conditions. Pre-assembly accuracy from on-
site scanning point cloud data can reach up to 1 cm, with a scanning distance of 10 m and a
minimum component size of 8 mm. This method provides a substantial reference and algorithmic
support for the digital pre-assembly of prefabricated bridge segments. 7 tabs, 12 figs, 22 refs.
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Fig. 1 Pre-assembly method
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Fig. 3 Improved 4-points congruent sets algorithm to
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Tab. 2 Indicators for calculation of section preassembly
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Fig. 7 Identification results of boundary corner points by exhaustive algorithm
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Tab.3 Straight-line indicators for each type of cross-section boundaries

Ik | R ELR Y HAHLIEAR (M. N W) Ppe/mm Stp/mm n/4~ I T/s
Lo (—4,1, —390.35) 3.36X10° 1.41Xx10 11 22 22/122
Ly (0,1, —3543.14) 1.68X10° 1 0.00X10° 16 16/122
L, (4.1, —13 400. 24) 8.99X10 6 2.27X10°13 22 22/122
B - 5.45
L; (—4,1, 10 021.96) 7.25X10 > 6.54>X10 12 21 21/122
L, (0,1, 184.86) 1.68X10 1 0.00X10° 20 20/122
Ls (4,1, —2987.93) 1.15X10°* 4.33X10 1 21 21/122
Ly (—4,1, —390.35) 3.36X10 ° 1.30Xx10 1 23 23/134
Ly (0,1, —3543.14) 1.68x10* 0.00Xx10° 20 20/134
. . L, (4,1, —13 400.24) 8.99X10 6 3.12X10°18 23 23/134
g ] - 7.07
L; (—4,1, 10 021.96) 7.25X107>° 6.50X10"12 23 23/134
L, (0,1, 184.86) 1.68X10* 0.00X10° 18 18/134
L;s (4,1, —2987.93) 1.15X10* 4.94X10" 1 23 23/134
Lo (—4,1, —390.44) 2.81X10? 1.39X10 3 22 22/157
Ly (0,1, —3543.14) 1.68X10* 0.00X10° 24 24/157
L, (4,1, —13 399.83) 9.99X102 1.34X10° 24 24/157
R A T 10. 96
Ls (—4,1, 10 021.56) 1.31 X101 6.96X10° 24 24/157
L, (0,1, 184.86) 1.68X10* 0.00X10° 22 22/157
Ls (4,1, —2 987.85) 2.72X10 2 1.36X10 3 23 23/157
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Fig. 8 Identification results of boundary corner points by Hough transformation algorithm
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Tab. 4 Errors in identification of cross-section dimensions

& a JrZ Lo/mm L,/mm L,/mm L;/mm L,/mm Ls/mm Ryse/mm T/s
it SRS 1911.06 1 676.08 1911.06 1931.68 1 666.08 1931.68 0. 00 5.19
K EHRAE | 1910.33 1678.21 1.910. 69 1.931.49 1667.07 1931.94 1.02 0.52
& 55 2% 84 vk 1911.06 1676.08 1911.06 1931.68 1 666.08 1.931.68 0. 00 6. 85
FEAin] BRAMEE | 1910.23 1677.79 1 .910. 89 1931.20 1667.26 1931.96 0. 94 0.53
it 55 2% vk 1911.06 1 676.06 1911.06 1931.68 1 666.06 1931.68 0.01 10. 88
FEAin) ERAWEE | 1908.96 1678.08 1.909. 69 1.932. 44 1666.43 1933.23 1.49 0.52
BEIHE 1911.06 1676.08 1911.06 1931.68 1 666.08 1.931.68
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Fig. 9 Cross-sections pre-assembly
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Tab.5 Cross-sections pre-assembly indicators
Cpg/mm
EfER7N
BT S | BT - R AR | - X
APy 3.440X 1012 0.01 0.01
AP, 4,.560X 1012 0.00 0. 00
AP, 3.100X 1012 0.01 0.01
AP; 5.000X 1012 0.01 0.01
AP, 5.080X 1012 0.01 0.01
AP; 1.578 X107 12 0.01 0.01
Ruse 0. 000X 10° 0.01 0.01

AR A TR PR 2 4 AR T E AR 3 A 1w Y
PR A 5 X LAY X T R 22 MR 5 AR R 22 fe KA
0.01 mm. iy 5 s — i o BT 30 S 4R 4 1
L TS SR L B A G N O B e R A 23
IO R R TR ZE R B PIEAE 0. 01 mm iR 22T .
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Fig. 10 Data preprocessing of point cloud
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Tab. 6 Straight-line indicators for pre-assembly cross-sections boundaries
WEAER | AR EXSS N ELER(M N W) Ppe/mm Stp/mm n/A~ Ir T/s
L, (—0.273, 1, —0.194) 6.11X10% 1.09X1073 33 33/91
L, (17.060, 1, —44.706) 3.68X10 ° 1.09X10 3 17 17/91
ZE 4R 2.363
L, (—0.279, 1, 0.115) 9.17 X103 2.66X10° 14 14/91
L3 (1.843, 1, —4.996) 7.33X10°° 1.63X10°3 24 24/91
L, (—0.275, 1, —2.04) 9.46X10° 3.05X10°° 28 28/91
L, (20.376, 1, —45.414) 7.87X10 3 2.14X10 ° 22 22/91
ey 1) 2.527
L, (—0.406, 1, —1.476) 8.79X10° 3.07X10°° 8 8/91
L; (1.855, 1, —5.893) 7.11 X103 1.51X10°3 32 32/91
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Fig. 11 Identification and extraction of cross-section
feature corner points
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