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MONITORING AND PREDICTION OF DISPLACEMENT AND FAILURE OF
HIGH-RISE WOOD PILED WHARF IN QINGDAO HARBOUR

Shan Hongxian, Qin Jianmin, Jia Yonggang, Liu Hongjun, Xu Guohui, Zheng Jianguo
(Department of Environment and Construction, Ocean University of China, Qingdao 266003 China)

Abstract The high-rise wood piled wharf in Qingdao harbor was constructed from 1901 to 1906. The
deformation on the surface and quay wall of the wharf and bank caving happened between whiles. Five deep
deformation monitoring holes were established in the typical segment of the wharf, and long-term observation for
247 days was carried out in order to understand the present state of wharf stability, forecast its further
development, and design the suitable controlling sketch. The observation was conducted two times in one day at
the high tide level and low tide level, respectively. The vertical spacing of measuring points is 0.5 m. According to
the collected wharf displacement monitoring data, the developing procedure of wharf displacement with time and
space is analyzed, and the speed and value of wharf displacement are quite different in the plain and the depth. The
depth in which the maximum displacement appeares and the displacement-depth curves are varied gradually with
time and space. The displacement curves of the wharf quay wall show ‘~ shape in the plain. The depth in which
the maximum displacement appeares is changed from 10 to 5 m, then to surface in the monitoring segment from
hole cx1 to cx5. The speed and magnitude of wharf deformation are affected considerably by tide condition and
wharf loading. The random time series model of Box-Jenkins’ ARIMA (p, d, g) is introduced for creating the
dynamical prediction model IMA(0, 1, 1) of wharf displacement on the basis of the monitoring data. The
effectiveness of the prediction model is checked with comparison of the predictive results and actual monitoring
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data, and the model is found to be reliable. The prediction result indicates that the high-rise wood piled wharf in
Qingdao Harbur is in unstable situation, and reinforcement measures are required urgently.
Key words geo-engineering, Qingdao harbour, high-rise wood piled wharf, deep displacement monitoring, time

series, dynamic prediction
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Fig.1 Structure of wood-high-rise piled wharf in Qingdao

Harbour
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Fig.2 Destroyed situation of 4" berth in No.1 wharf of
Qingdao Harbour on Oct. 3, 1993
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Fig.3 Distribution of deformation monitoring holes in the wharf
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Fig.4 Comparison of displacements of hole cx1 with the
high and low-tides on May 7
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Fig.5 Displacement vs. time in typical depths of hole cx1
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Fig.6 Displacement vs. depth curves from hole cx1 to cx5
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Fig.7 Wharf displacement curves in the depth of 10 m in

monitoring segment
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Table 1 Comparison of the forecasted and actual displacements in hole cx1 mm
R 2001-5-11 2001-6-11 2001-7-11 2001-8-11 2001-9-11 2001-10-11
CTw o om o ow % m ow x m ® % M w * M w % @
# N = il # 7 * # X% # il # i) ] ¥ il il X
25 5081 5292 211 7504 7580 076 8163 7705 458 10071 10638 567 12673 12749 076 14459 (5139 6.80
5.0 5937 61.12 1.75 97.89 10032 243 10292 10491 399 12242 12055 197 14898 150.18 218 16939 162.16 17.23
10.0 7422 7335 0.87 12249 12544 295 12829 12670 1.59 14852 14458 394 181.81 18582 4.01 21402 21376 426
150 3781 3560 221 5566 5954 388 5664 5221 243 6546 6669 123 8166 7644 522 9302 8735 567
200 057 066 0.09 2.05 293 088 1.37 319 1.82 1.22 094 0.28 2.61 334 073 227 372 145
A"_E‘=2'21 Amax = 3.88 Apar =4.58 Amax = 5.67 Amax = 5.22 Amar=7.23
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Table 2 Forecasted displacements in the depth 10 m from

hole cx1 to cxS mm
F 1
iLs

2002.6 2002.12 2003.6
1 384 560 600
2 256 378 432
3 275 364 456
4 365 590 604
5 256 360 400

g
—4—2002.12—4—2003.5 —8— 2003.12

B B2k 10 m AR R B

Fig.11 Forecasted accumulative displacements in the depth of

10 m in the monitoring segment
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