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ABSTRACT: It is important to design a safe retaining system to facilitate the excavation works while imparting minimum impact to the 
surrounding. Hence, the prediction of the excavation behaviour is very crucial in determining the type of retaining system to be adopted. 
Nowadays this can be accomplished quite accurately by numerical modelling that is able to take into consideration the nature of the soil type, 
geometry of the excavation and the possibility of ground water seepage. Further understanding can be attained by comparing the analysed 
results with field readings from field instruments. 
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1 INTRODUCTION 

This paper presents the geotechnical design of the excavation work 
for the proposed mixed development at downtown Kuching. During 
the course of the excavation, the field instruments that were installed 
prior to commencement of work in order to measure wall movement 
are compared to the values predicted using two dimensional Plaxis 
model. 

 
1.1 Description of the project 

The site is situated at mid-slope, high on the South with existing 
ground level at RL20.00m and slope downwards to another platform 
at RL15.30m towards the North before merging to the road level at 
RL11.00m. 

 

 
Figure 1 Topographical plan of the proposed site 

 
1.2 Subsoil condition 

A total of 9 boreholes were drilled and 6 numbers of trial pits were 
dug to obtain the block samples for laboratory testing. The 
underlying bedrock is the Tuang Formation from Pre-Late 
Carboniferous Period.  

On the surface, the existing ground is covered with backfilled 
material. The fill consists mainly of firm brown sandy SILT. 
Sandwiched between the fill and bedrock is residual soil of firm to 
hard, grey/dark grey sandy CLAY/SILT or loose to dense silty 
SAND with some quartz depending on the parent rock types. 
Underlying the residual soil is the metamorphosed rocks which 
comprise alternate layers of Metagraywacke, Phyllite and 
occasionally sheared Schist, often with laminated quartz veins. 
Weathering grades on these rocks range from weak to moderately 

weathered. Sandstone is found locally around BH6 and igneous 
intrusion of Microtonalite is found at the bottom layer of BH9. 

 

 
Figure 2 Subsurface profile along the existing bungalow. 

 
1.3 Earth retaining system 

The design involves deep excavation for the construction of the 
underground basement carparks, with final excavation level at 
RL10.90m. As the site is hilly in nature, the excavation height varies 
from 10.1m to 1.5m. The most critical section of the retaining wall 
is the stretch nearest to an existing bungalow which is Section B-B 
as shown in Figure 3. The boundary of bungalow is located 
approximately 3.0m away from the proposed retaining wall. 
Although the excavation height at this stretch is only 7.1m high, its 
close proximity to the bungalow is of great concern as the impact 
towards this existing structure will be the most significant. 

The retaining system adopted are contiguous bored pile (CBP) 
walls with 500mm or 900mm diameter bored piles that are closely 
spaced with clear spacing of 50mm between piles. The excavation 
and basement construction will be by “island method” whereby the 
excavation work will proceed from the centre while leaving a 
passive soil counter berm to temporarily stabilise the cast in-situ 
retaining wall. In order to prevent erosion and instability of the 
passive berm, the cut surface is immediately lean-concrete lined to 
prevent water infiltration into the soil and cause further gullying. 
Subsequently, the basement slabs (Basement 2 at RL15.00m and 
Basement 3 at RL18.15m) once cast, will act as the permanent strut 
will be constructed in sequence. After the basement slabs have 
properly cured and found to be reliably propping against the 
retaining wall, the berm will then be excavated to complete the 
basement construction in a semi top-down manner. 
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All CBP walls are designed as permanent basement walls. Gaps 
in between adjacent piles are sealed by 150mm grout columns to 
minimize the seepage of ground water. This helps to prevent ground 
water loss on the retained side. The idealised soil profile for Section 
B-B is shown in Figure 4. 

Since the nearest existing structure (the bungalow) to the earth 
retaining structure system (ERSS) considered under this report is 
less than 2 times the excavation depth, the allowable wall deflection 
limits for Section B-B shall be 0.7% of the excavation depth (BCA). 

 

 
Figure 3 Design section along Section B-B 

 

 
Figure 4 Cross section of Section B-B 

 
1.4 Aim of study 

The aim of this paper is to present a case study of a project in 
downtown Kuching, Sarawak so as to compare the measured and 
predicted deflection profile with the presence of stability berm in a 
semi top-down deep excavation exercise. Inclinometer were used to 
provide the measured deflection profiles while numerical modelling 
was used to predict the deflection profile using Plaxis 2D.  

 
2 NUMERICAL MODELLING METHOD 

The analysis was carried out using a commercial two dimensional 
finite element software Plaxis 2D version 8. A plane strain 2D 
model is deemed sufficient for the purpose of this study as the 
analysed section, Section B-B is at least 25m away from any corner 
hence the three dimensional effect should be reasonably minimal.  

Plaxis 2D utilises 15-nodes triangular element with 12 Gaussian 
integration points, formulated based on effective stress principle. 
Figure 5 shows the initial effective stress generated in the numerical 
model. 

Vertical boundaries of the model were set sufficiently far to 
minimize boundary effect to the calculated ground / wall 
deformations. The same principle is applied to the horizontal 
boundary. 

In order to improve the accuracy of the calculations, the 
elements surrounding the retaining walls where high strain changes 
are expected, were further refined as shown in Figure 6. 

 

 
Figure 5 Initial effective principle stresses from Plaxis 2D. 

 

 
Figure 6 Simplified excavation model in Plaxis 2D. 

 
2.1 Mohr-Coulomb soil model 

All the soil layers were assumed using Drained parameters in the 
analysis to simulate the worst condition with full dissipation of 
negative excess pore water pressure during the excavation. Mohr 
Coulomb model was selected due to the relatively high stiffness of 
the residual soils that were excavated into. Mohr Coulomb 
parameters can be easily obtained from standard laboratory and field 
tests such as bulk density, triaxial test and pressuremeter. However, 
due to the relatively cohesionless (granular) nature of the soils 
(mainly Silts and Sands) sample at the proposed site, the S.I. 
contractor could not collect much undisturbed (UD) samples for 
triaxial testing. Therefore, only very limited information on the soil 
shear strength could be obtained. Hence, estimated soil shear 
strength by correlation with field test such as SPT or through vast 
available local experiences was adopted.  

The Mohr Coulomb elastoplastic soil model required a total of 
five parameters as below:- 

 
i. E’ = Young Modulus 

 
ii. v’ = Poisson ratio 

 
iii. ø’ or øu = Friction angle 

 
iv. c’ or CU = Cohesion 

 
v. λ = Dilatancy angle 
 
Mohr Coulomb model is inherently a linear elastic perfectly 

plastic model that obeys to Hook’s law of elasticity with yield 
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surface capped by Mohr Coulomb criteria. The soil parameters 
adopted in the design is tabulated in Table 1. 

 
Table 1 Soil parameters 

Soil Type 

Effective 
Unit 

Weight 
(kNm3) 

Young’s 
Modulus, 

E’    
(kN/m2) 

Cohesion, 
c’, 

(kN/m2) 

Friction 
Angle, 
ø’ (ᵒ) 

Dilation 
angle, λ 

(ᵒ) 

Poisson 
Ratio, 

v’ 

Firm Sandy 
CLAY 
(N=7) 

18.0 11 667 7 20 0 0.3 

Stiff Sandy 
CLAY 
(N=17)  

18.0 28 333 8 25 0 0.3 

Hard SILT  
(N = 120) 

20.0 166 667 10 30 0 0.3 

Very Dense 
SAND  
(N =130) 

18.0 166 667 1 35 5 0.3 

Rock 22.0 500 000 20 30 0 0.3 

 
2.2 Ground water modelling 

Due to the hilly nature of the existing ground, the available SI report 
indicate that the groundwater table ranges from RL12.09m to 
RL17.37m or 0.1m to 6.5m below ground. For design purpose, the 
groundwater table will be taken at 2m below ground for existing 
ground higher than RL16.00m or 0.5m below ground level for 
existing ground with elevation at or less than RL16.00m based on 
local condition. In the analysis, the initial groundwater table adopted 
is at RL17.00m which is 2m below the existing ground level of 
RL19.00m. The groundwater table was then created by steady 
seepage calculation for each excavation stage so as to capture the 
variation in active groundwater regime with the progress of 
excavation. 
 
2.3 Plate element 

The retaining wall was modelled by one dimension Mindlin plate 
element with axial and bending rigidities. The bored piles in a CBP 
system are spaced at consistent intervals. In order to obtain the 
‘equivalent’ pile properties per meter run, the actual properties of a 
3D pile are “smeared” in the plane-strain direction. This is done by 
dividing the structural properties of the pile by its centre-to-centre 
spacing. By doing so, this technique effectively converts the 3D 
nature of the piles in a row to be represented by an ‘equivalent’ wall, 
modelled by the structural plate element in the Plaxis software.  

 

 
Figure 7 Plate element 

 
Interface elements that allow for soil slippage in shear and 

normal directions were “wrap” around the plate elements to model 
the interface behaviour. The properties of the CBP wall are as 
shown in Table 2. 

 
Table 2 CBP wall parameter 

CBP 
Diameter 

(mm) 

Center to 
Center Spacing 

(mm) 

Axial Stiffness, 
EA (kN/m) 

Flexural 
Stiffness, EI 
(kNm2/m) 

900 950 1.81 x107 9.15 x105 

2.4 Anchor element 

The basement slabs were modelled as fixed. Equivalent horizontal 
stiffness was modelled as a spring element with axial rigidity only. 

 
Table 3 Cast in-situ slab stiffness 

Anchor Axial Stiffness (kN/m) 

200mm THK Slab at L2 & L3 Level 5.40 x 106 
600mm THK Slab at L1 Level 1.62 x 107 

 
2.5 Construction sequences and modelling process 

The most critical analysis section is Section B-B due to its proximity 
of the existing bungalow. In order to limit the impact of the 
excavation towards the integrity of the building, it is prevalent to 
adopt a very robust system. In the analysis, the “green field” 
assumption was made whereby the building is assumed to have no 
stiffness and it conforms to the ground deformation. This is in-line 
with the building damage category based on Boscardin and Cording 
(1989), Mair, et al. (1996) and Boone (1999). 

In the numeric analysis, each of the stage construction was 
modelled to capture its wall deformation, bending moment and shear 
force. The followings show the construction stages in chronological 
order. 

 
Stage 1 – Installation of the CBP wall and kingpost. 
 
Stage 2 – Excavation to the Final Formation Level while leaving 

the soil passive berm abutting the CBP wall. 
 
Stage 3 – Casting of the Basement 2 and Basement 3 slab 

abutting to the CBP wall. 
 
Stage 4 – Excavation of the soil passive berm beneath Basement 

2. 
 
Stage 5 – Complete construction of the basement. 

 
Plaxis 2D conveniently allows the size effect of the passive 

berm as well as the associated passive wedge in enhancing the 
embedded stability to be accurately modelled unlike the old-
fashioned methods of simplifying it as an equivalent surcharge or by 
means of a raised effective formation level.  

 

 
Figure 8 Site photograph of retaining system and 

passive stability berm 
 

3 FIELD INSTRUMENTATION 

In view of the unforeseeable variability of the in-situ soil layers, it 
has long been recognized that field performance records play a vital 
in both assessing and verifying the adequacy of the proposed 
excavation design. In a comprehensive instrumentation plan, alert 
level and work suspension level is defined as benchmark for a pre-
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warning system so that appropriate mitigation measures can be 
employed effectively and in a timely manner to prevent further 
deterioration of the damaging situation.   

 
3.1 Inclinometer 

Inclinometers are used to monitor subsurface lateral movements. An 
inclinometer system has two components, mainly the inclinometer 
casing and an inclinometer measurement system. The grooves inside 
of the casing helped to control and guide the orientation of the 
inclinometer sensor as well as provide a uniform surface for 
measurements. Along Section B-B, the inclinometer casings were 
attached to the bored pile reinforcement cage down to the toe level 
and were cast inside of the CBP wall.  

 
4 RESULTS AND DISCUSSION 

4.1 Numerical modelling results and measured results 

The predicted horizontal deflection of the retaining wall at each 
critical stage of the excavation works is shown in Figure 9. The 
maximum deflection occurs as the excavation proceeded to the final 
formation level at the centre while leaving the passive stability berm 
along the CBP wall. The predicted horizontal deflection is estimated 
to remain at the same magnitude even though the remaining passive 
stability berm below the Basement 2 slab is being removed due to 
the high rigidity of the basement slabs. This shows that the semi top-
down method is robust to limit the ground deformations and thus 
results in less impact towards the existing bungalow at 3.0m away. 
The predicted wall deflection limits for Section B-B is 0.28% of the 
excavation depth which is well within the allowable limit. 

 

 
Figure 9 Predicted horizontal deflections of Section B-B 

from Plaxis 2D 
 
4.2 Comparison with numerical models  

Basement 2 slab had just been cast on site with the passive stability 
berm still in place. Hence, the data collection presented in this paper 
only covers the excavation performance up to the stage of 
“excavation to the final formation level at the centre while leaving 
the passive stability berm”. 

After the first excavation took place in April 2015, the 
inclinometer readings gradually creep and increase in magnitude 
although the overall deflection profile for each reading still remains 
the same. This happens as the retained soils transition from 
undrained condition to the fully drained condition. During 
excavation, the soil surrounding the excavation undergoes stress 

relief. Over time, depending on its permeability, the negative pore 
water is able to dissipate. For excavation in residual soil, the drained 
condition is thought to be more critical. Evidently, the field 
measurements show that the movements kept increasing when the 
counter berm was left over a long period of time. 

 

 
Figure 10 Measured wall deflection of CBP along Section B-B  
 

 
Figure 11 Comparison between predicted and measured wall 

deflection of CBP along Section B-B 
 
At first glance of Figure 11, the prediction of Mohr Coulomb 

model with drained parameters matched reasonably well with field 
measurement. Both predicted and field measurement show 
cantilever behaviour with the highest deflection at the top of the 
wall. However, below the FEL, the measured data show less lateral 
deformations compared to the predicted deflection from Plaxis 2D 
software. This can be attributed to the higher in-situ soil modulus in 
front of the CBP wall due to unloading.    
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5 CONCLUSION 

The existing soil condition, drainage condition, soil profile and 
retaining system play a vital part in designing a safe and robust 
system. In this paper, the berm excavation will depicts a cantilever 
behaviour that attracts more movement at the top of the wall. 
Analysis of retaining systems in residual soil need to consider 
drained conditions to account for the worst possible scenarios.  
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