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ABSTRACT: The paper presents a case of deep excavation adjacent to two operating railway tracks. One of the railway tracks is 

rested on a fill embankment which is susceptible to ground movement. The ground movement arises from the construction of the 

diaphragm wall and the excavation works, and methods to minimize the settlement are described in this paper. The prediction of the 

ground movement caused by the diaphragm wall construction has traditionally been carried out using the empirical correlation 

derived from a case history in Hong Kong. In order to control the settlement during the diaphragm wall construction, a high slurry 

head with short panel length are proposed for settlement sensitive areas. Settlement check points have been installed in adjacent 

ground to capture the movement induced by the installation of the wall panel for comparison with the design prediction. The ground 

movement due to excavation works is estimated by 2D finite element program. Preloading of steel struts supported against the 

perimeter of the basement floor slabs have been adopted to minimize the wall deflection and hence the ground movement.  

 

1  INTRODUCTION.  

The proposed development is situated between operating 

Eastern Railway Line (EAL) and Ma On Shan Railway Line 

(MOS). The existing ground level is approximately +8.5mPD at 

EAL and +6.0mPD at the MOS. The works involves 

construction of a four-level basement below existing ground 

level. The total plan area of the basement is around 8525m2 

with maximum length of 155m and width of 77m.  A 1.2m 

thick diaphragm wall with 5 layers of temporary struts and 

permanent basement slabs is proposed to facilitate the 

excavation works for the 4-level basement with final depth of 

24m and top down construction sequence would be adopted due 

to the tight construction schedule.  

2  GROUND CONDITIONS  

The site is generally underlain by Fill, Alluvium, different 

weathering grades of granite and bedrock is at about 20m to 

50m below ground level. The following properties (Table 1) are 

assigned to each soil layers based on field and laboratory testing 

results and local experience: The Young Modulus E value of the 

soil layers were estimated based on the correlation with SPT-N 

value where E = 1N (MPa) for fill, E = 1.5N for superficial 

materials and E = 2.0N for decomposed granite.  

 
Table 1. Soil layers and corresponding properties 

Soil Layer γ’ (kN/m3) φ (°) c’ (kPa) E (MPa) 

Fill  19 0 35 10 

Alluvium 19 4 34 14 - 47 

Completely 

Decomposed 

Granite (CDG) 

19 5 36 42 - 230 

Bedrock 21 10 40 5000 

 
The groundwater level is at generally around 3m to 5m 

below existing ground level. 

3  EXCAVATION SCHEME 

The proposed diaphragm wall would be used as both temporary 

retaining structure to support the excavation and permanent 

basement wall. The diaphragm wall is proposed to be founded 

on bedrock or -27mPD whichever is shallower.  Shear pin is 

proposed for the diaphragm wall founded on rock to resist shear 

force.   

The excavation scheme, plan and typical section, are shown 

in Figure 1 and 2.  
 

 
 

Figure 1. Plan of the proposed excavation works 

 

 
Figure 2. Typical section of the excavation works 

4  PREDICITON OF GROUND SETTLEMENT  

The two operating railway lines are susceptible to settlement, 

esp the EAL rested on fill embankment. Settlement control is 
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important in the design and construction of the basement. The 

settlement mainly arises from construction of the diaphragm 

wall and the excavation works.  

4 .1  Diaphragm Wall Construction 
Trench excavation for diaphragm wall is usually supported by 
bentonite slurry which normally has a density slightly greater 
than water. Ground movement would be induced during 
excavation of the slurry trench and it is usually estimated using 
the empirical correlation in Davies, Henkel and Stroud (1980) 
based on the case in Chater Station.  Refer to the paper, the 
induced settlement would be smaller with smaller panel length 
and higher excess slurry head. To limit the ground settlement as 
an acceptable value, a 3.1m long panel size and 3.2m excess 
slurry head is proposed for the diaphragm wall near the EAL. 
The predicted maximum settlement is 8.4mm during trench 
excavation. 

Review on the actual settlement during diaphragm wall 
construction would be discussed in Section 5. 

4 .2  Excavation Works 
Diaphragm wall deforms laterally during excavation works and 
settlement would be induced on the retained side of the wall.  

The behavior of the diaphragm wall, the lateral support 
system and the adjacent ground was analyzed using the 2D 
finite element software, PLAXIS. The soil behaviour was 
modelled as Mohr-Coulomb materials. Figure 3 shows an 
example of a PLAXIS model to simulate the excavation work. 

 

Figure 3 Plaxis model of the diaphragm wall and excavation works 

The excavation sequence consists of the following stages: 

1. Construction of Diaphragm Wall  

2. Excavate to 1m below G/F slab 

3. Construct G/F slab 

4. Excavate to 1m below B1/F slab 

5. Construct B1/F slab 

6. Excavate to 1m below B2/F slab 

7. Construct part of B2/F slab, install and preload 

temporary steel strut at B2/F 

8. Repeat 6 and 7 for B3/F and B4/F until excavate to 

final formation level. 
Preloading of 700kN/m to 1100kN/m on the temporary steel 

struts has been proposed to control the wall deflection and the 
settlement induced by the excavation works. Top down 
construction is adopted for the excavation, the proposed steel 
struts with preloading would be connected to the permanent 
slabs supported by temporary stanchions during top down 
construction. The vertical displacement output from Plaxis 
model is shown in Figure 4. 

  
 

Figure 4 Total displacement output (uy) from Plaxis model  
 

The model results show a predicted maximum wall 
deflection is 18.2mm, and the estimated settlement at EAL track 
is 19.2mm during the excavation works.  

5  SETTLEMENT MONITORING 

To verify the design assumptions and manage and control the 

impact to adjacent operation rails, instrumentation monitoring 

system was set up on the ground adjacent the diaphragm wall. 

Ground settlement markers have been installed at 3m from 

diaphragm wall panels on the EAL side. The maximum 

measured settlement was 7mm which is within the predicted 

value.  

6  CONCLUSION AND FUTURE WORKS 

The monitoring shows that measured settlement during 

diaphragm construction is 7mm for panel size of 3.1m length x 

1.2m thick and excess slurry head of 3.2m and it controls the 

settlement during trench excavation effectively and within the 

predicted value.  

Excavation phase has not commenced at the time of writing.  

The future works will include the monitoring during excavation 

works stage and compare to the predicted value based on 

numerical analysis. Inclinometers have been installed in 

diaphragm wall panels to monitor the wall displacement during 

excavation phase and will be compared to the predicted wall 

movement in numerical analysis. In addition, preloading would 

be adjusted based on the actual wall displacement.  
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