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Dynamic response and control analysis of construction
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Abstract: Under the excitation of ship waves, a large displacement and acceleration response could be
generated to the construction trestle, which will affect the construction operation, cause panic among
workers, and even lead to an excessive deformation, thus laying potential safety risks. In this paper, using
the construction trestle of a large bridge on Zhengwan high-speed railway as the experimental subject, the
dynamic response and control analysis of construction trestle under ship waves excitation were
examined. Firstly, the calculation of ship waves load simplified by linear wave theory was used. Then., the
effect of water on structure frequency was investigated by additional mass method, and the restraining
effect of water on steel pipe pile vibration was calculated by additional damping method. To study the
dynamic response of steel pipe piles, the analysis of harmonic response was used to discuss the effect of two
classes of ship waves, causing by small and medium-sized passenger ships or barges separately. The results
show that the influence of water on the frequency of trestle steel pipe pile was great, while the effect of
external damping on the dynamic response of steel pipe pile could be neglected. The mechanism of excessive

displacement of the trestle caused by small and medium-sized passenger ships was resonance response,
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while the reason of excessive displacement of the trestle caused by barges was heavy load. To ensure the
safety of trestle construction, it is suggested that the speed limit of passenger ships be 15 km/h to prevent
resonance, and barges’ speed limit be 10 km/h to reduce the wave load.

Keywords: construction trestle; ship waves; harmonic response analysis; additional mass method;

additional damping ratio
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Fig. 1 Elevation of Main Bridge of Construction Trestle (unit: m)
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Tablel Parameters of Ship-Induced Waves at Different Speeds

AL/ (km + h™Y) P /m PR /m 31/ s W3/ He
15 0.098 9.890 2.374 0.421
20 0.131 17.58 3.165 0.316
25 0.164 27.47 3.955 0.253
30 0.197 39.56 4.747 0.211
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Table 2 Parameters of Barge-Induced Waves at Different Speeds

M/ (km « ') s /m WK /m JA /s Wi/ Hz
8 0.557 2.813 1.266 0.790
10 0.696 4.395 1.582 0.632
12 0.836 6.329 1.899 0.527
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Fig. 2 Variation of Wave Load along Depth for Ships with Different Velocities
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Fig. 3 Variation of Wave Load along Depth for Barges with Different Velocities

R PET TSR 0  22 0 i 70 R R T U o Dk /) 5 A T G /) o v 28 0 {72 e ) 200 HC A 28 0 (L % O
TR JEE /N A PR £ AR 5 B A B A ) A AR T/ ol TR KR DA R T AR B A ) A 2R
WK

F3 FAEKRHBITRETRE
Table 3  Variation of Wave Load along Depth of Ship

K%/ m pi/(kN+m™ ) pa/(KN+m™ ")
0.5 0.250 0.008 69
3.0 0.168 0.003 93
5.5 0.113 0.001 78
8.0 0.076 0.000 80
10.5 0.051 0.000 36
13 0.034 0.000 16
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Fig. 4 Finite element model of trestle
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Table 4 Different Water Level Conditions m
KA T8 KA R BE
IR AR K AL 143.33
Jits T KAz 158.33
KA 174.46
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Table 5 Dynamic Response of Construction Trestle under Ship-Induced Waves

A/ Ckm < b7 K A8/ om WA/ (m o+ s )
15 0.48 0.034
20 4.26 0.168
25 1.23 0.032
30 1.08 0.019

H1 & 5 Al R AR AR 1] i RS2 % 5 i DR sk 187 # BAE S A7 808 O 20 ke /b BF, 6 W2 B8 A A7 DR
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Table 6 Dynamic Response of Trestle under Ship-Induced Waves at Different Water Levels

IR T WKL/ cm BRMGERE/(m + s %)
I AR AL 0.92 0.064
Jiti T 7K AL 0.48 0.034
=3 %/ A 0.81 0.056

H 2 AT HILE B AR /K 57 BF L 4548 R AR o 0,383 Hz, PR J1H0R N 0.421 Hz, Bi & M0 R80T , LI
i 137 K H A K A 25 B 3l IR N, o i KAV IS o 2 A AR AT L 5 D R T AR R R 25 T A IR, A 24
FOGLE b LA K3z g R AEL 45 ey o 1o 395 Jon A 8 R0 K, BRIt o A [ o 3 SO A7 D0 A0 o807 X R A 7
A B A FH A R T A ) AR 7 8 B 7 A B VE

I bR AT AT AR L O CRUE AT 45 AL A T R i T R 0 2 A 25 5 RO LS 5 B A B Rz BR A



% 50 K55 AT R B T 36 TN A vh B B35 B R 103

FE AN A AT B AE 15 km/h BUF .
3.3 BXAREH 1 0E R 53 AT
I AT U KL AR TR AN TR SR AT B R 7 A ) A AT 0 R Sl g WL A R e R AL A ]
BT B F R ALAS RN B A AR AR IR 4 i A Al A B A BE A3 7 B .
®7 BARARITIRIER THE L&A 30100 A

Table 7 Dynamic Response of Construction Trestle under Barge-Induced Waves

fird / Ckm « b1 R/ em BRIMHEE/ (m s
8 0.09 0.020
10 0.54 0.084
12 1.31 0.143
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Table 8 Frequency Comparison of Different Schemes

Xt T H IRA 5 B Sk BUE S ok SR
JeK 20.72 20.73 20.75
440 17.47 17.65 18.31
5 FIR / He
520 15.51 16.04 17.09
K 14.72 15.27 15.90
Jeok —0.14 —0.10 —
440 —4.59 —3.60 —
ASFIR 2/ %
520 —9.25 —6.14 —
i K —7.42 —3.96 —
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Table 9 Natural Frequency of Structures under Different Working Conditions

KA T 55— A RIE/ Hz R AR A/ 26
oK A Bl 0.472 —

Fe ik Nz 0.383 —18.6
Jit K 57 0.328 —30.5
51 K AL 0.249 —47.2
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Fig. 5 Maximum Displacement of Trestle under Different Wave Frequencies
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Table 10 Maximum Displacement Response Induced by Water Damping cm
KA T8 IR AL Jiti T 7K iz 5 3=1%/ A
# g e 0.916 0.481 0.810

AN g e 0.918 0.482 0.830
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Table 11 Maximum Acceleration Response Induced by Water Damping m/s’
K AL T8 IR AR AL Jiti Tk iz ¢ e KL
e 0.0641 0.0337 0.0564
B IEFLE 0.0642 0.0338 0.0583
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