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ABSTRACT: Two case studies involving deep excavation in peaty soils are presented in this invited paper. The water and 

organic contents of peaty soils can be high as 1,200% and 60%, respectively. The design of deep excavation involving 

peaty soil layer can be very challenging as it is known that peaty soil can exhibit greater permeability in the horizontal 

direction than the vertical direction, hence the term anisotropy in permeability. If somehow ground water drawdown is 

triggered during deep excavation, the impact on nearby infrastructure can be detrimental as the kh:kv value can range 

between 2 and 10 with an average value of 5, as back-analysed in Case Study 1. Subsequently, by employing recharging 

wells as a form of ground remedial work, the excavation of a deep shaft was successfully carried out. In Case Study 2, 

ground improvement method via wet Deep Soil Mixing (DSM) technique was successfully employed to improve an 

underlying peaty soil layer with the hope that it could achieve slope stability and to provide an impermeable cut-off prior 

to carrying out the deep excavation work.  
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1 CASE STUDY 1 

1.1 Introduction 

The Kuching Wastewater Management System 

(KWMS) Phase 1 was implemented to channel 100,000 

population-equivalent household grey and blackwater 

via a full-gravity underground network of sewer 

pipelines to a centralised wastewater treatment plant. 

To facilitate sewer pipeline construction via pipe-

jacking method, shafts with depths of between 10 m 

and 25 m were constructed to enable the launch and 

reception of micro-tunnelling boring machines. The 

construction of shafts in the Tuang Formation posed 

great challenges especially in sandy and organic soils 

as appreciable ground water drawdown could be 

resulted, followed by the detrimental effects of ground 

settlements.   

1.2 Geology 

The geology of the area is characterised by deltaic 

deposits consisting peat, clay, silt and sand layers 

overlying Kuching’s Tuang Formation. The current 

project site was located at a low-lying area where 

sediments were deposited due to receding sea levels in 

historical events. The sediments remained trapped at 

foothills and organic matters started to accumulate to 

form rather horizontal beds of clays or silts with 

organic matters. Fig. 1 shows the texture of peaty soil 

found at the project site. Over long periods of time, the 

surface organic deposits rose and finally remained 

above the flood level. The underlying Tuang Formation 

rock has been described as ‘erratic’ by Ong & Choo 

(2011, 2012) in view of its highly sheared and 

weathered rock mass. 

 

 

Fig. 1 Texture of peaty soil  

1.3 Details of Deep Shaft 

Fig. 2 (a) shows the details of the proposed 7 m 

diameter, 16 m deep shaft. Sheet piles were first driven 

around the shaft in an attempt to lengthen the ground 

water flow path in order to reduce the risk of floor 

uplift due to the difference in hydrostatic pressure 

inside and outside the shaft that was being excavated. 

Advancing cast in-situ circular concrete caisson rings 

(each measuring 1.3 m in height, with 100 mm overlap) 

were then installed to provide structural support to the 

surrounding soils so that excavation inside the shaft 

could be carried out.  
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Fig. 2 (a) Typical deep shaft construction and location of large-diameter recharge well and (b) 125 mm settlement caused 

by ground water drawdown.

In this method, the concrete caisson rings served as 

temporary works and the design was mainly based on 

hoop stresses generated by lateral soil pressures. As 

such, the steel reinforcement used was nominal since 

the hoop stresses were designed to be taken entirely by 

the concrete. 

1.4 Effect of Leakage at Underlying Fractured 

Rock 

At one of the many challenging excavation sites, when 

the 7 m diameter, 16 m deep shaft that was being 

excavated reached the moderately to highly weathered 

sandstone mass at depth of about 13.3 m, major 

leakage occurred. Hence, the deep excavation works 

had to be suspended. Consequently and inevitably, 

ground water drawdown of about 5 m occurred, 

triggering settlement of 125 mm to nearby 

infrastructure as shown in Fig. 2 (b), mainly due to the 

relatively high permeability of the 8.5 m upper soft, 

organic soils with SPT N = 0. 

1.5 Ground Water Responses 

The quantity and rate of the ground water that seeped 

into the leaking shaft could be estimated on site by 

simply calculating upwards from the base of the shaft 

the number of caisson rings flooded in the shaft after it 

was successfully pumped dry.  
 

The amount of water that rose in the shaft overnight 

(no pumping activity) would then give a reliable 

estimate of seepage rate into the shaft. In this case, the 

7.0 m diameter shaft simply acted like an oversized 

water standpipe.  
 

The volumes of water and flow rates vary on different 

days because the exposed rock faces had different 

characteristics and permeability values as the 

contractor excavated into the rock mass over time with 

an average seepage rate of 13.6 m
3
/hr.   

1.6 FEM 

On average, the measured seepage was 13.6 m
3
/hr, 

which was reasonably comparable to the estimated 

ground water seepage rate of 17.4 m
3
/hr based on the 

finite element seepage analyses conducted during the 

design stage (see Fig. 3).  
 

 

Fig. 3 Typical transient seepage analysis showing total 

pressure head contours. 

In order to reflect the actual soil and sheet pile wall 

(a) (b) 
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interaction behaviour, slip interface has been modelled 

with realistic values. Interface elements or slip 

elements are used in finite element analyses to simulate 

sliding between two different materials. These 

elements have thin width and shear stiffness 

comparable or less than the surrounding materials. The 

interface poisson ratio (vi) of 0.45, interface friction 

angle of 14° or equivalent to friction factor of 0.25 

have been adopted and calculated average interface 

shear modulus (Gi) along the sheet pile wall and soil 

interface which is 249.72 kPa.  
 

Fig. 4 shows ground surface settlement at excavation 

depth of 9.7 m or Ring 8 with or without slip interface 

and with different Gi and 2 times of Gi. With higher 

values of interface shear modulus, the ground 

settlement curve experiences less ground surface 

settlement next to the sheet pile wall region. For the 

case with no slip interface, the ground surface 

settlement curve shows a clear dragging effect between 

the interface of sheet pile wall and soil. 

 

Fig. 4 Settlement profile with and without the use of 

interface slip elements 

1.7 Ground Treatment Works 

As a form of ground treatment works, large-diameter 

recharging wells were installed to recharge the 

depressed ground water table at site. Field monitoring 

showed that ground settlements of not more than 7.5 

mm were observed when the excavation works 

resumed. It took a further 17 days to complete the 

remaining excavation works, which consisted merely a 

further excavation of 1.8 m and casting of the base 

slab. Pressure relief sumps, control valves as well as 

lined drainage materials were constructed at the shaft 

floor to control water seepage coming into the shaft as 

the base slab was deliberately designed not to cater for 

the full uplift forces. Readings from water standpipes 

also showed that ground water did not drop more than 

2.5 m during further construction works, due to 

constant water recharging via the recharge wells. Field 

observations showed that particles wash-out into the 

shaft due to recharging did not occur. 

1.8 Ground Responses 

Finite element analysis was modelled using 2D 

transient analysis. Fig. 5 shows the predicted and 

measured ground surface settlement profiles at various 

stages of the excavation. It is found that the ground 

settlement magnitudes and profiles are sensitive 

towards the ratio of kh:kv of the top organic soil layer, 

where kh is the horizontal soil permeability and kv the 

horizontal. The predicted and measured values show 

good agreement. Based on Fig. 5, the predicted ground 

surface settlement profile using kh:kv ratios of 1, 3 , 5 

and 10 consistently fall within the range of measured 

settlement values, even though ratio of 5 seems to 

provide relatively better fit to the measured values in 

general. Similar anisotropy behaviour in organic soil 

permeability had also been reported by Mesri et al. 

(1997), Younger et al. (1997) and Sobhan et al. (2007). 

This could be due to the greater effect of horizontal 

permeability than vertical within the soft silt layer with 

organic materials. Therefore, this implies that for any 

deep excavation works carried out in such soil 

condition, water seepage can be considerable in the 

horizontal direction.  

 

Fig. 5 Predicted and measured ground settlement profiles 

when excavation depth approaches 13.3 m. 

2 CASE STUDY 2 

Case Study 2 involves an underpass infrastructure to be 
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constructed in the local paludal deposits that comprised 

organic soils up to 5m thick. As the underpass design 

involves formation of side slopes in the peaty soils, 

some form of ground improvement to stabilise the 

peaty soil layer is necessary. Therefore, this case study 

describes the potential effects of anisotropy in 

permeability of peaty soils and their effects on the 

ground improvement design. 
 

Peaty soils with natural moisture content up to 1000% 

can be found between 1.0 m and 4.0m depths below 

ground level with the thickness ranging from 0.5 m to 

5.0 m. Overlying the peaty soil layer is a filled ground. 

Loose sand and soft clay underlain the peat up to 16.5 

m depth. Immediately below this soft clay, is firm to 

stiff silt or medium sand with thickness ranging from 

0.5 m to 6.0 m. Very hard silt and dense sand layers are 

encountered at bottommost soil profile, which consists 

residual soil of the in-situ bedrock.  

2.1 Factors Contributing to Ground Settlement 

Consolidation settlement occurs when additional 

surcharge is applied on soft clay and peaty clay, which 

induces settlement that occurs over a number of years 

after construction. The magnitude and rate of 

settlement will vary depending on the thickness of fill 

and the hydraulic conductivity (permeability) 

properties of the soft clay and peaty soil which present 

a time-dependent effect due to relative slow expulsion 

of pore water pressure, particularly in soft clay. 
 

On the other hand, settlement due to water drawdown 

has been anticipated because of possible ground water 

seepage along the slope faces upon excavation, inside 

the roundabout where the underpasses are constructed. 

Based on the experience learnt in Case Study 1, where 

peaty soils can demonstrate serious anisotropy in 

permeability, finite element modelling was used to 

estimate the magnitude of ground water drawdown and 

its impact assessed. 
 

Generally in the settlement analysis, two factors are 

presumed to be the cause of significant settlement to 

the ground, namely (i) raising up of the existing road 

level and (ii) groundwater drawdown due to seepage 

along the excavated slopes of the underpasses.  groundwater drawdown due to seepage along the excavated slopes of the underpasses.  groundwater drawdown due to seepage along the excavated slopes of the underpasses. 

2.2 Proposed DSM Treatment of Peaty Soils 

After much technical consideration on the appropriate 

ground improvement technique, ‘wet’ method of Deep 

Soil Mixing (DSM) was selected as to enhance the 

engineering properties of the soft peaty soils. The 

technique involves the introduction of cement as binder 

to be mechanically mixed with the existing in-situ soft 

peaty soils. Fig. 6 shows the typical section of ground 

treatment with design parameter cu of 150 kPa. 
 

The DSM method as proposed in this project is not 

only to enhance the stability of the slope (due to 

increased undrained shear strength values) but also to 

create a physical barrier to limit the ground water 

drawdown during and after the excavation works due 

to the relatively permeable peat soil layer. If the DSM 

barrier is absent, excessive ground water drawdown to 

as far as 100 m may be triggered with only about 6 m 

of slope excavation, especially when the underpass 

alignment is along the peat layer. Therefore, by having 

the presence of DSM, settlements to nearby existing 

structures and buildings may thus be minimised. In a 

parametric study carried out without the presence of 

DSM, the Factor of Safety (FOS) against slip failure is 

only 0.775, as shown in Fig. 7. 

 

Fig. 6 Typical section of peat layer treated by DSM 
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Fig. 7 Computed slope stability without DSM treatment 

(FOS=0.775) 

With the presence of DSM underlining the underpass 

slopes, a safety factor of 1.258 (FOS ≥ 1.2 required) 

can be achieved, as shown in Fig. 8. 

 

Fig. 8 Computed slope stability with DSM treatment 

(FOS=1.258) 

The ground water table of the existing roundabout is at 

about +5 mRL, and with a 6 m deep excavation (+0.2 

mRL), the anticipated water drawdown can be 

substantial in the absence of a ground water barrier. 

However, with DSM that serves as a ground water 

barrier, the ground water drawdown may be minimised 

to +3 mRL. 

2.3 Performance of DSM Installed in Peaty 

Soils 

 

Fig. 9 (a) Non-formation, (b) moderate formation and (c) 

reasonable formation of DSM treated peaty soils 

Initial design mix comprised approximately about 350 

kg/m
3
 of cement to be mixed with the in-situ peaty 

soils. The quality of the mixing will then be verified 

through unconfined compressive strength (UCS) tests 

and Total Core Recovery (TCR) during the post-

installation coring tests. The design criteria for 

acceptable UCS is minimum 300 kPa and TCR of at 

least 85%. 
 

From the initial trial post-installation tests, the cored 

samples from coring points Nos. 1 and 2 (see Figs. 9(a) 

and (b)) seemed not well-formed as most of the 

samples could not be retrieved. As for coring point No. 

3, the sample was retrievable, but failed to meet the 

design requirement of TCR of more than 85% (see Fig. 

9(c)). Fig. 10 shows that ‘necking’ phenomenon 

occurred when trial trenching was carried out and the 

outcomes seemed to tally with both the UCS and TCR 

results. 

 

Fig. 10 Trench excavation of trial DSM piles show 

‘necking’ phenomenon 

In view of the unfavourable results in meeting the 

design criteria, increased amount of cement dosage was 

then implemented by the contractor. When cement 

dosage of more than 350 kg/m
3
 but less than 500 kg/m

3
 

was used, the DSM columns in peat formed 

successfully (see Fig. 11) with the overlapped regions 

achieving minimum UCS of 300kPa. 

 

Fig. 11 Trench excavation shows successful formation of 

DSM piles in peaty soils 
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3 CONCLUSIONS 

The challenges in performing deep excavation in peaty 

soils have been highlighted in this invited paper and 

they are not exhaustive. It is imperative and prudent 

that some form of ground improvement works is 

necessary to minimise the impact of ground water 

drawdown during deep excavation works as its impact 

can be detrimental especially when the anisotropy in 

permeability of peaty soils, kh:kv can range between 2 

and 5, with an average of 5 as observed in Case Study 

1. In Case Study 2, ground improvement method via 

wet Deep Soil Mixing (DSM) technique was 

successfully employed to improve an underlying peaty 

soil layer with the hope that it could achieve slope 

stability and to provide an impermeable cut-off prior to 

carrying out the deep excavation work.   
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