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The movement of a wharf structure subject to fluctuation of water level 
Le mouvement d’une jetée soumise aux fluctuations du niveau d’eau

W. H.Ting -Zaidun-LeengSdn Bhd, Kuala Lumpur, Malaysia 
Y. K.Tan -Jurutera Perunding Wahba Sdn Bhd, Kuching, Malaysia

ABSTRACT: A river side structure, subject to tidal fluctuations with a maximum range of about 6.8m, has experienced movement The 

movement leads to the separation o f about 1.1 m. between the main wharf structure and the access bridge at a joint with the main wharf. 

A detail program of investigation and monitoring was initiated to gain an understanding of the mechanisms causing the movements It has 

been deduced that the total movement observed over a long measurement period is the sum of the daily permanent residual movements 

resulting from river water level fluctuations.

1. Introduction

A wharf is built to serve as a landing point for riverine traffic 

The wharf comprises a main reinforced concrete wharf structure 

linked to the river side by an access bridge of 8 spans supported 

on pile bents. An expansion joint is provided between the main 

wharf structure and the access bridge. Figure 1 shows the layout 

plan of the structure. The two structures are supported by 450 

mm diameter & 80 mm thick prestressed concrete (Grade 60, 

Design Cracking Moment 114 kN-m) spun piles o f length 53 

meter Soon after completion o f the wharf, widening of the 

expansion joint was observed. The movement of the expansion 

joint was monitored. A series o f comprehensive monitoring works 

(refer Table 1) were subsequently carried out with the aim of 

studying the behaviour of the wharf structure.

This Paper describes briefly the monitoring works carried out and 

some of the results obtained. Analysis o f the problem has been 

carried out and the analysis results are discussed.

Table 1 - M onitoring W orks

Monitoring Work Description Start Date

I Expansion Gap 

Measure

Determine lateral 

movements of the main 

wharf by tape

16 Nov 92

2 P1/P2 Measure Determine lateral 

movement of the access 

bridge by tape between 

the end of the access 

bridge and two fixed 

ground stations

25 Jan 95

3 Precise Level 

Survey

Determine vertical 

movements at a nos. of 

established stations on the 

structure by precise level 

technique.

31 Aug 94

4 Inclinometer Determine the lateral 

ground movements by 

means of inclinometers.

21 Mar 95

5 Lateral Load 

Measure

Determine the strains 

induced in the steel plates 

installed at the expansion 

joint using Demec gauge.

22 Nov 94

6 Water Level 

Survey

Measure by tide gauge 

marked on the structure 

during the survey for 

items 2, 3, 4 & 5 above

31 Aug 94

2. G round Conditions and W ater Levels

The river channel profile is shown in Figure 1. Above the LWL, 

the profile is relatively flat (slope of 1:10) Below the level, there 

is a change in the river channel cross-section with a steep slope of 

1:2.5 The river water level fluctuates between HWL and LWL 

according to tide, with a maximum range o f 6 8 meter

Figure 2 depicts the borelog results obtained from the site The 

subsurface conditions consist o f typically a deep alluvial deposit 

of about 53 meter underlain by a sand bearing stratum The soil 

strength profile is also shown in same figure. Slope stability 

analysis results reveal that the safety factor (for the undrained 

case) varies widely between 0 77 to 1.35 as the water level vari'”  

from LWL to HWL. Ground movements therefore take place.
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Figure 2 - Typical Site Investigation Results

NO. OF DAYS (THOUSANDS)

Figure 3 - Expansion Joint Gap Measurements
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3. Movements of the W harf Structure

Figure 3 summarises the measurement results obtained for the 

gap at the expansion joint over a period o f 3 years since first sign 

of the movement. A total movement o f 1.1 meter has been 

recorded From the results, it can be inferred that the wharf has 

been moving laterally towards the river at an average rate o f 1.2 

mm per day.

Besides the above, the lateral movement was also studied by 

measuring the distance between two fixed ground stations and the 

near end of the wharf, shown as PI and P2 in Figure 1. The 

measurements were carried out with simultaneous readings of the 

water levels. Some o f these results are shown in Figure 4. The 

results reveal the following :

a local movements o f the structure over cycles o f high and low 

waters. When the river water drops, the structure moves laterally 

towards the river and a maximum 16 mm has been recorded. 

When the water rises, the structure moves to recover towards its 

initial state. However the recovery is not complete and a residual 

lateral movement remains.

b overall movement of the structure with time, at an average rate 

ofO.94 mm per day. This movement appears to be the aggregate 

of the cyclic permanent residual movements mentioned above

The above structure movements are due to the ground 

movements taking place in the river channel side slope which has 

been found to be in its limiting equilibrium state. The ground 

movements were measured with the two inclinometers installed in 

the ground. The inclinometer results detect ground movements 

which are concentrated within the top 12 m The observed 

ground movements are consistent with the results obtained from 

FEM analysis using PLAXIS.
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Figure 4 - Variation o f Horizontal Movement with River Tide Level

4. Forces Induced

From the measurement results and visual inspection o f the 

structure, it is evident that lateral loads have been induced in the 

structures. The lateral loads are due to the ground movements. 

The phenomenon o f soil movements inducing lateral loads on 

piles has been described by Marche R. 1973.

In order to determine the lateral loads, 5 mild steel plates o f size 

160 mm wide * 9 mm thick were installed to tie the main wharf 

structure to the access bridge at the deck level. The loads were 

determined by measuring the strains in the steel plates with 

Demec Strain Gauge Readings were taken at regular intervals 

with simultaneous readings of the river water level Figure 5 

shows part o f the results obtained The results reveal changes in 

the lateral load with fluctuation o f the river water level. Maximum 

load recorded was 1465 kN.

Estimation o f the lateral load per pile has been done by a number 

of methods, namely Broms (Broms 1964), Hansen (Hansen 

1961), Viggiani (Viggiani 1981) and Marche (Marche 1973). The 

results are summarised in Table 2. The estimated pile loads are 

governed by moment of resistance o f the pile and it is o f interest 

to note that the values are nearly the same. One of the governing 

parameters in the estimation is depth of the ground movements, 

which is 12 m in this case as discussed in Section 3 above.

While the lateral load per pile can be estimated reasonably well by 

one o f the methods, determination of the total lateral load on the 

structure is less certain as it involves in deciding how many of the 

piles are effectively subjected to the lateral loads. From the 

maximum measured load mentioned above, the number of the 

effective piles corresponds to 18 which is the number of the inner 

piles o f the main wharf.
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Figure 5 - Variation of Lateral Load with Tide Level

Table 2 - Determ ination of Lateral Load Induced per Pile

Method Load in 

kN

Load/Resistance

Type

Remarks

1 Broms

(1964)

91 Applied Load Pile failed by bending

2 Hansen

(1961)

88 Applied Load Pile failed by bending

3 Viggiani

(1981)

80 5 Soil Flow Pile failed by bending

4 Marche

(1973)

114 Soil Flow Pile failed by bending

5. Conclusion

The following conclusions can be drawn :

A Stability of the river channel is very much affected by the 

fluctuation o f the water level, ranging from stable state (at HWL) 

to unstable state (at LWL)
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B The above results in lateral movements o f the wharf at an 

average rate of 1 2 mm per day

C The wharf movement is the result o f the fluctuation o f the 

water level, and it is the aggregate o f the permanent residual 

movement over each cycle o f high and low water levels

D. From the load measurements, it was deduced that the lateral 

load induced in each pile can be estimated by one o f the methods 

mentioned in Section 4 above. And the total number of effective 

piles for estimating the overall total load is equal 18 which is 

number of the inner piles o f the main wharf
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