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ABSTRACT: Construction of the New Sydney Fish Markets over parts of Sydney Harbour consisted of a large temporary cofferdam, 
reclamation and extensive seafloor works. As a part of the basement construction the existing seabed, consisting of up to 3.0 m thick 
deposits of normally consolidated mud, was reprofiled using mechanical dredging methods. These muds had a consistency ranging 
from very soft to soft and were underlain by typical marine and old alluvial deposits. An alternative ground improvement scheme was 
proposed to allow the basement formwork and concrete to be founded on an engineered working platform, within the dewatered 
cofferdam. The proposed scheme replaced the previous structural steel formwork solution that consisted of extensive bracing off the 
driven steel building piles. Prior to any dewatering, the alternative design required the hydraulic placement of sands above the very 
soft to soft seabed materials. After dewatering the cofferdam, short-term preloading was used to marginally over consolidate the soft 
seabed materials. Following the preload removal and during concrete pouring / curing, the formwork was partially supported by the 
bulk stiffness of the soil pore water. A stringent settlement criterion was required to prevent concrete cracking during curing. The 
design of the ground improvement included extensive over-water and on-land geotechnical investigations, and an I&M program for 
the preloading. This data was used to establish fully calibrated numerical models prior to the commencement of each concrete pour. 
The calibrated numerical models were used to predict settlements of the formwork during curing in advance which led to reduced 
engineering risk. Back analysis of the preloading indicated a wide range of compressibility and hydraulic conductivities, which was 
indicative of the randomness of the seabed reprofiling, placement of hydraulic sands, and the large site extent. The scheme led to 
successful construction of the basement and extensive cost savings. 
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1 INTRODUCTION  

The New Sydney Fish Markets is a project nearing completion 
and consists of a structure which is predominately over water in 
Blackwattle Bay (a part of Sydney Harbour). The project is one 
of the largest overwater developments on the harbour since the 
early 1980’s. The building footprint is approximately 220 m 
long and 100 m wide and has a permanently submerged 
basement level below the tidal zone. The building is founded on 
driven steel piles terminating in bedrock.  A plan view of the 
shore, harbour and project extent is shown below in Figure 1.  

 
 

Figure 1. Plan view of The New Sydney Fish Markets extent (in red), 
north orientated.  

To allow construction of the basement below the tidal level the 
seabed was required to be reprofiled in a cut to fill manner and 
a temporary sheet pile cofferdam (combi wall) was constructed 
around the project extent identified in Figure 1. The cofferdam 
allowed a lower water level during construction for the 
basement. Following the construction of the cofferdam prior to 
dewatering a layer of sand was placed on the reprofiled seafloor 
to allow trafficability after the dam was dewatered.  

The basement structure consists of a two-way reinforced 
concrete band beam / slab system with a thickness typically 
ranging from 0.4 m to 1.0 m. In some isolated locations for the 
building cores the concrete beam thickness was 1.7 m.  It was 

initially proposed by the structural engineer to pour the 
basement concrete slab on formwork supported by structural 
steel bracing off the driven foundation piles spaced on an 
approximate 10 m grid pattern. The intention of the bracing was 
to limit settlement of the concrete while curing, noting the 
expected ground conditions within the dewatered cofferdam 
would be poor and unsuitable to load due to excessive 
settlement. Concrete is sensitive to bending during curing 
which can cause cracking, and given that the basement is now 
permanently submerged in seawater, avoiding cracking was 
critical. The structural bracing solution was prohibitive in terms 
of cost and constructability for the builder. 

Following a review of the structural bracing an initial 
feasibility assessment was undertaken for a ground 
improvement scheme to allow the formwork within the 
cofferdam to found on an engineered working platform 
underlain by the dredged seafloor material and natural marine 
clays. Preloading was adopted as the preferred method of 
ground improvement, due to the ground conditions, cost, and 
the site constraints. Other popular ground improvement 
techniques such as rigid inclusions were considered but these 
were not feasible due to legislative requirements, and the 
difficulty installing them around the driven building foundation 
piles. This paper is a case study documenting the 
implementation of the preloading ground improvement scheme, 
in particular highlighting the effectiveness of preloading for 
short durations for similar transient load applications.   

Blackwattle Bay is located on a north-west trending 
tributary of the deep, drowned river valley estuary of the 
Parramatta River. The paleo-valley of Port Jackson and its 
dendritic arms are characterised by steep rock sides developed 
in massive thickly bedded sandstones known as Hawkesbury 
Sandstone. Hawkesbury Sandstone is a lithic quartz-based 
sandstone deposited in a braided alluvial fill channel 
environment during the Triassic period. Subsequent to the 
establishment of the current sea level approximately 6000 years 
ago, partial filling of the mid reaches of the drowned valleys 
occurred including Blackwattle Bay. These Quaternary 
sediments consist of a mixture of silty to peaty quartz, silts and 

Proceedings of the 21st ICSMGE, Vienna, Austria, 14 – 19 June 2026. Pistrol, Adam & Schweiger (eds.)
Published by: ÖGG, Austrian Society for Geomechanics, Salzburg, Austria, ISBN 978-3-9503898-4-5

https://doi.org/10.53243/ICSMGE2026-1304

3835

https://doi.org/10.53243/ICSMGE2026-1304


clays, deposited in a low energy stream alluvial or estuarine 
environment (Herbert and Helby, 1980).  

Reclamation along the foreshores of Blackwattle Bay was 
carried out in the latter half of the 19th century. In areas both 
landside and offshore man-made fill, dredge spoil and rubble 
are present due to the previous heavy industry commercial 
activities over the last 150 years. The most recent of these was 
a concrete batching plant, which was demolished to make way 
for the new fish markets.  

2 FEASIBILITY STAGE  

2.1 Existing Ground conditions  
The feasibility stage for the preloading design occurred in 

late 2021 until mid-2022. The stage occurred prior to the 
cofferdam being dewatered and placement of the hydraulic sand 
layer.  Data from 31 existing overwater boreholes was 
available. Standard Penetration Testing (SPT) and Dilatometer 
testing were undertaken during the investigations (some testing 
by others). The data was helpful to inform the overall site 
geotechnical model, but the previous investigations were 
targeted for building foundation design (bedrock) / cofferdam 
(stiff clay or better). Figure 2 shows the feasibility stage SPT 
data versus elevation, for the relevant overwater boreholes. The 
line of best fit is indicated in a red dash.    

 
Figure 2. Historic overwater SPT results versus elevation prior to any 
seabed reprofiling  

It is noted in Figure 2 that for the upper 2 to 3 m for most 
boreholes in the bay the SPT rod generally sunk under self-
weight (N 0) and this was the general material that was 
proposed to be mechanically dredged and reprofiled, or loaded.  
The available soil index testing classified the material as silty 
clay, and of medium to high plasticity. The field moisture 
content was above the plastic limit, but generally not at the 
liquid limit.   
 
The undrained shear strength from the SPT data for the over 
consolidated materials generally below elevation RL -7 m on 
Figure 2, while approximate was interpreted by the correlation 
proposed by Stroud (1974). A similar interpretation for the 
drained modulus was completed for the over consolidated 
material, using the correlation by Duncan and Buchignani 
(1976), and elastic theory. Further investigations were required 
for the normally consolidated material. The dilatometer data 
was reasonably consistent with the inferred model, and the SPT 
data.   
 The general profile prior to any mechanical dredging was 
interpreted as:  

 Seafloor sediments- Silty Clay, 1-3 m thick, medium 
plasticity, very soft (cu<7 kPa) underlain by; 

 Marine- Silty Clay, 4 m thick, medium to high plasticity, 
soft to firm (cu=25 kPa) underlain by;  

 Alluvium- Silty Clay, 8 m thick, medium to high 
plasticity, (cu=50 to 100 kPa), underlain by; 

 Sandstone Bedrock.     

At least from a compressibility perspective the critical aspect to 
the previously mentioned geological conditions (including 
historic filling) was the impact on mechanical 
dredging/reprofiling over the approximate 22,000 square meter 
extent of the site and what impact it would have on settlements 
and preload durations. The reprofiling was required to level the 
bathometric profile to allow the basement slabs to be cast at an 
appropriate level within the tidal zone, and create space within 
the dewatered cofferdam for construction. The mechanical 
dredging took the previously discussed seafloor, marine silty 
clays and historic fill (where intercepted), and placed it across 
the site extent.  

A concept cross section across the cofferdam which 
includes the hydraulic sands, working platform and formwork 
is shown in Figure 3. The driven building piles are omitted in 
the sketch in Figure 3 for clarity, although at this stage they 
were installed throughout the cofferdam on a 10 m grid pattern, 
driven into sandstone. The traditional formwork was placed on 
the working platform on sole boards.   

 
Figure 3. Adopted conceptual geotechnical model for the ground 
improvement 

Due to programme constraints initial feasibility investigations 
occurred immediately after dredging / reprofiling activities, 
with seven overwater CPTu’s being undertaken in the bay from 
a jack up barge, along with undisturbed sampling of the 
reprofiled and seafloor materials. The CPTu’s were undertaken 
with a sensitive piezocone, and a review of the results indicated 
that the reprofiled material likely had not fully consolidated 
under self-weight in some locations which was reasonable 
considering the time at which the investigations occurred. Four 
vane shear tests were undertaken and indicated the undrained 
shear strength of the material was at a maximum of 5 kPa, and 
in some recently dredged areas the strength was recorded as 0 
kPa (highly fluidised). The inferred soil strength characteristics 
from the CPT tests were similar for the material, in a range of 2 
to 4 kPa. As a part of the CPT investigation ten pore pressure 
dissipation tests were undertaken with the results discussed 
further in the paper.  

The samples of the mud for laboratory testing were 
gathered by probing u75 tubes and a petite ponar grab sampler. 
The samples contained fine grained soils, but also proportions 
of fill including coal, wood, and natural constituents such as 
shells, organics and roots. The mud was clearly observed at the 
liquid limit in the field and difficult to effectively sample. The 
most quality undisturbed samples of the mud underwent 
constant rate of strain (CRS) and incremental loading (IL) 1D 
compression testing at the University of Newcastle, Australia. 
These tube samples contained some visible disturbance but 
were deemed to be reasonably representative at the feasibility 
stage in particular as the mud was not a homogenous natural 
clay or silt deposited under low stream energy (i.e. it was fill 
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with gravel sized inclusions). The results of the testing are 
summarised in Table 1, applicable for the stress range generally 
between 30-50 kPa.   

Table 1. Laboratory results from the feasibility stage investigations 

Parameter 
Test 
Type 

Symbol Value Unit 

Compression 
Index 

CRS CC 0.88 - 

Recompression 
Index 

CRS CR 0.08 - 

Initial Void 
Ratio 

CRS e0 2.1 - 

Constrained 
Modulus 

IL M 350 kPa 

Coefficient of 
Consolidation 

IL cv 4 m2/y 

 
 The index testing from the sampling indicated that the field 
moisture content of the material was at or marginally above the 
liquid limit of 81%, and was classified as a medium to high 
plasticity (PI=51%) silty clay. Adopting the commonly used 
Terhzaghi and Peck (1967) correlation, Cc = 0.009(LL-10) or 
Wood and Roth (1978), Cc =74/PI the compression index values 
from the laboratory testing were of a similar order.   

The initial round of marine feasibility investigations did 
provide an effective ‘start point’ for characterisation of the 
dredged muds, for which future inferred strength gain could be 
compared as the material consolidated under self-weight and 
future loads.  

2.2 Feasibility stage analysis  
The settlement analysis throughout the feasibility stage of 

the project relied on an iterative approach with the structural 
engineer. Given that the performance of the concrete was 
dependent on the predictions of early age strength and modulus 
gain over time as the concrete cured, and subsequent bending 
moments and deflections all modelling of concrete structures 
was done in a Strand7 model by the structural engineer. The 
geotechnical modelling to predict settlements of the ground 
under load were done in PLAXIS2D for the feasibility stage, to 
extract time dependent settlement. These models were simple 
1D consolidation analyses for 4 typical profiles across the site, 
with the worst corresponding to the maximum thicknesses in 
Figure 3. The typical profiles were selected from plan view 
thickness contours of the mud and marine clay based off the 
pre-development bathometric profiles and the target reprofile 
levels. The parameters for the models are summarised in Table 
2. For the constitutive models the dredged mud adopted the Soft 
Soil model (OCR=1), the marine clay used Hardening Soil 
(OCR=1), and the remaining units were Mohr-Coulomb or 
Linear Elastic as noted in Table 2.  

Table 2. Adopted parameters for feasibility modelling  

Layer γ cu c’ φ E CC CR kv 

Unit (kN/
m3) kPa kPa deg MPa - - (m/s) 

Platform 20 - - 40 45 - - 1.0E-4 

Hydraulic 
Sands 

17 - - 27 6 - - 1.0E-4 

Dredged 
Mud 

14 
2 
to 
4 

1 25 - 0.7 0.07 
See Fig 

7 

Marine 
Clay 

17 25 1 28 1.1 - - 3.0E-9 

Alluvium 20 75 3 28 30 - - 3.0E-6 

Sandstone 24 - - - 100 - - 1.0E-7 
Notes: E= Drained Youngs Modulus E’, or E50 where applicable. Eode=1.13E50 where 
applicable. Dredged mud at 2 to 4 kPa strength at placement but expected to gain strength as 
consolidation occurred.  

All models generated excess pore pressure in plastic stages 
using Undrained A, then this pore pressure was dissipated in 
consolidation stages. Measured undrained shear strengths from 
field testing were compared against the calculated undrained 
shear strengths in PLAXIS at the relevant stages. The complete 
construction staging was simulated including the existing 
profile, additional dredged material, hydraulic sand placement, 
dewatering of the cofferdam, placement of working platform, 
preloading (between 3 to 20 days depending on profile), preload 
removal, duration for formwork construction and finally 
reloading with concrete.   

 The iterations between the structural engineer were 
critical for the scheme. The feasibility models simulated the wet 
concrete load and formwork load as a uniform surcharge on the 
working platform in the PLAXIS 2D models. This was typically 
a maximum of 25 kPa to represent a 1 m thick beam. The 
preload duration was adjusted in the model until a degree of 
consolidation (U) was reached which limited settlements upon 
reloading. This ranged from U=20 to 60% depending on the 
dissipation rate in the compressible layers (see Table 2). After 
iterations with the structural engineer the settlement criteria was 
reached (see Figure 5).  

The time dependent settlement from the models 
represented the worst-case settlement mid span between the 
building foundation piles. Soil settlement at the building 
foundation pile location adopted by the structural engineer in 
the 3D Strand7 model was taken as 40% of the worst-case 
settlement mid span, which was derived from a PLAXIS3D 
consolidation model with the building foundation piles (volume 
elements) which took into account the negative skin friction on 
the piles and the impact on settlement, and the settlement 
distribution to mid-span.  Adopting this distribution approach 
made the modelling efficient given the large amount of 
iterations. The spring stiffnesses in Strand7 were adjusted to 
match the provided geotechnical settlement with time.    

The basic premise behind the modelling was that the 
concrete placed a sustained load while it was in a plastic state 
until the initial concrete set occurs, then as strength and 
modulus gain developed it would gradually unload the applied 
ground pressure as the structure became self-spanning off the 
building foundation piles. The process was simulated using 
‘unloading factors’ in the geotechnical model where the applied 
uniform surcharge load would be reduced with time. Figure 4 
shows an example of the supplied unloading factors. From 70 
hours the slab was considered self-supporting.   

 
Figure 4. Example of structural unloading factors  

Extensive iterations occurred until the geotechnical and 
structural models were converged in terms of settlement, and 
unloading factors reached consistent values. The predicted 
reloading ground settlement for a typical profile at the 
feasibility stage with the unloading factors is provided in Figure 
5, which had a preload of 20 days, and a mud thickness of 2 m. 
Generally, for other profiles the preload was adjusted to reach 
a degree of consolidation to ensure reloading was on the 
hypothetical recompression line, and limit settlement. The 
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average achieved OCR in the dredged mud layer from the 
preload was 1.1 to 1.2. The results in Figure 5 formed the 
settlement criteria threshold for the remainder of the project.     

 
Figure 5. Predicted settlement with time of the concrete midspan 
(green) 

For clarity, for the remainder of the paper the term:  
 Unloading factor refers to a geotechnical model that 

reduces the simulated load on the ground due to concrete 
strength gain and the structure becoming self-supporting. 
(see Figure 5, green line) 

 No unloading factors refers to a geotechnical model that 
holds a load constant and does not reduce the load with 
time (see Figure 5, in grey dash).   
The definitions above are provided as once it was 

confirmed in the feasibility stage modelling that a given soil 
profile performance (compressibility, dissipation rate) met the 
structural criteria with unloading factors, then that identical soil 
profile with no unloading factors could be used as a benchmark 
criteria for all future soil response to load, and obviate the need 
to run excessive iterations or consider beam curing from a 
geotechnical perspective.  

The greatest uncertainty in the feasibility stage was the 
hydraulic conductivity of the dredged muds. Dissipation testing 
was undertaken in the marine CPT investigation but given the 
state of the recently placed material was deemed only 
marginally representative. To derisk the project and allow a 
plan in which to proceed with some confidence a parametric 
study was undertaken to determine the critical hydraulic 
conductivity of the material in relation to time dependent 
settlement and concrete curing. A summary settlement with 
time chart from an early parametric study in the feasibility stage 
is shown in Figure 6. Settlement that occurred before the initial 
set line is not critical as the concrete is in a plastic state and will 
not crack, the critical settlement in Figure 6 is the time 
dependent settlement after the initial set. The adopted best 
estimate hydraulic conductivity (8.0E-8 m/s) results in the 
worst case time dependent settlement over the curing period 
post initial set.  

 
Figure 6. Identification of the critical hydraulic conductivity (no 
unloading factors)  

Figure 7 provides an insight into why this project differed 
from a typical consolidation assessment for soft clays (e.g. 
embankments, raft foundations), as the unique situation existed 
where slow drainage (large t90) was acceptable and not onerous 
because the predicted rate of settlement is such that it would 
easily meet the short term criteria for concrete curing. 
Conversely, moderate drainage materials such as silty clays 
were more critical. Fast drainage materials such as silts and 
sands would see majority of the settlement occur while the 
concrete is in a plastic state therefore ok. Slow drainage was 
only going to impact bearing capacity (see Section 3), in the 
event that there was not sufficient strength gain due to 
consolidation for the preload to be placed.  

As the applied load was not actually 1D as simulated in the 
PLAXIS 2D feasibility models, a separate check on the impact 
of the formwork soleboard loading elastic stress checks on the 
compressible layers were undertaken in Settle3. The sole board 
dimensions ranged from 0.5 to 0.75 m, with a peak pressure of 
110 kPa. The elastic analyses took the formwork arrangement 
and identified zones where the stress on the compressible layers 
exceeded the preload / reload amount (typically 25kPa), and 
applied minimum offsets on the sole boards so the applied 
formwork loads did not exceed the peak pressures applied in the 
PLAXIS 2D models.  

3 DETAILED DESIGN PHASE  

The feasibility stage confirmed there was enough merit in the 
scheme and detailed design was undertaken at the beginning of 
December 2022. At this point of the project the cofferdam was 
fully constructed, the hydraulic sand layer had been fully placed 
to at least 1.2 m thick on top of the dredged/reprofiled mud, but 
the cofferdam was yet to be dewatered. Nine months had passed 
since the completion of mud reprofiling, and approximately 3 
months since the completion of the sand placement. Another 
round of eight overwater CPTu’s were completed in early 
December 2022. These were primarily to confirm the muds 
were gaining strength and stiffness (given the discussion in 
Section 2.1), and generally confirm the thickness of the profile, 
along with the minimum sand layer thickness achieved from 
placement. A representative CPT output from this investigation 
is shown in Figure 7.   

 
Figure 7. Representative CPT output from overwater detailed design 
investigation.  

The general interpreted undrained shear strength (Bq=0.6, 
Nkt=11 (Lunne, et al 1997)) was approximately 5 kPa for the 
dredged material from the CPT’s. The dredged material in this 
location in the original investigations exhibited minimal 
strength and for a better part was fluidised and at the liquid limit 
(minimal cone tip or shear vane resistance). This strength at the 
liquid limit could approximately be taken at 2 kPa (Sharma and 
Bora, 2003). The increase in effective stress in the muds was at 
a minimum of 13 kPa from the sand placement in Figure 7 
(assuming U>90%). It was assumed then that the recorded 
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undrained strength gain in the muds of a minimum of 3 kPa was 
due to the sand layer, and potential self-weight consolidation 
(Jamiolkowski et al, 1995, ∆cu≈0.23σ’v). It also indicated from 
a high level perspective prior to instrumentation that the 
material was consolidating and gaining strength. Given the 
construction timelines, and future changes in stress from the 
working platform and the dewatering part of the sands, the 
strata would have adequate bearing capacity on the very soft 
material. The final design strength was proposed to be 
confirmed after dewatering the cofferdam (see Section 4).  The 
approximated constrained modulus (M) for the muds in Figure 
7 was 250 kPa (Robertson, 2009). Assuming the effective stress 
at the center of the mud is σ’v=20kPa, then the derived 
compression index for this stress is Cc =0.55 (Cc=(2.3(1+e0) 
σ’v)/M)), as the constrained modulus is the inverse tangent of 
logarithmic volume change versus time. This value was less 
than assumed at the feasibility stage. Minor updates were made 
to the feasibility stage models due to CPT’s to aide the preload 
durations, which for final planning ranged between 3 to 20 
days. In detailed design a PLAXIS3D consolidation model was 
developed for one of the cores with 1.0 m deep beams, with the 
full sole board formwork configuration, in a compressible zone 
of the site.  

4 PRELOADING AND CONSTRUCTION PHASE  

4.1 Investigation, I&M  

Following dewatering of the cofferdam 32 verification CPT’s 
were undertaken to further confirm the site profile in each 
concrete pour bay, and to assist with the back analysis. This 
level of investigation was not feasible to be completed until the 
cofferdam had been dewatered. The CPT’s were completed 
with a specialised rig which could track on the saturated, loose 
hydraulic sands as the working platform had not yet been 
constructed. When the whole site was interpreted the strength 
and stiffness of the two compressible layers (dredged mud and 
marine clays) was deemed satisfactory compared to the 
feasibility and detailed design stages. The lower quartile 
adopted values for the most compressible material were cu=8 
kPa, and M=450 kPa, across the 32 tests. The maximum 
thickness was 2.7 m. This data allowed the preload plan to be 
tailored to increase surcharges (where bearing permitted), and 
reduce the preload times.  

An Instrumentation and Monitoring (I&M) programme 
was put in place to monitor the preloads, undertake back 
analysis, and predict future settlements under reload. The 
programme consisted of 24 settlement plates and 4 Vibrating 
Wire Piezometers (VWP) installed in the mud at critical 
locations. The settlement plates were a typical detail with the 
base at the underside of the working platform. The final 
summary plan prior to any preloading showing the 
investigations and I&M is shown in Figure 8.  

   

 
Figure 8. Summary drawing of investigations, I&M and preloading  

4.2 Back analysis  

The back analysis procedure was simplified wherever possible. 
The general procedure was:  
 Visually observe the settlement marker with time graphs. 

Markers that had minimal settlement with time over the 
intended preload duration, compared to the criteria 
(Figure 5 in grey, no unloading factors) had the hold point 
released with no back analysis.  

 If there was notable settlement with time during the 
preloading which was more than the criteria back analysis 
was undertaken.  

The back analysis procedure was also simplified in order to 
achieve the desired outcomes, noting the extensive variability 
in profiles and materials. Given that two units (dredged mud 
and marine clay) were contributing to compressibility and 
time dependent settlement, to simplify the analysis the two 
units were combined and treated as a single compressible 
medium. The materials were normally consolidated, so a stress 
dependent stiffness was adopted. The stiffness and hydraulic 
conductivity of the compressible medium were adjusted in the 
models to achieve a match with the data. The applied loading 
with time was simulated to the recorded fill levels at each 
settlement marker. Typical examples of the back analysed 
field data during preloading are shown in Figure 9, Figure 10, 
and Figure 11. 

 
Figure 9. Back analysis of Settlement Plate 2W-2.  

 
Figure 10.  Back analysis of Settlement Plate 3W-1 

 
Figure 11. Back analysis of Settlement Plate 1W-1  

For settlement plates that were back analysed after the models 
were fully calibrated a simulation occurred where the preload 
was released, and after 14 days to account for formwork 
construction a reload surcharge was applied to simulate the wet 
concrete load. The load response was compared to the project 
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settlement criteria (no unloading factors, refer to Section 2.2). 
To summarise the predicted reloading for clarity only time 
dependent settlements were compared, as immediate 
settlements varied (but less than the criteria). Reviewing time 
dependent settlement allows context for the most critical aspect 
of the concrete curing and potential cracking after the initial set 
at six hours. A summary of all reloading model results is 
provided in Figure 12.  

 
Figure 12. Predicted reloading results with time from fully calibrated 
models.  

Figure 12 indicates that the ground response under load was less 
than the criteria (red dashed line). It must be acknowledged that 
while some faster dissipating reload simulations had more 
settlement earlier than the criteria, the settlement gradient 
(dS/dt) which will impact cracking is the greatest on the red 
criteria line.  The main contributor to this was the selection of 
the critical hydraulic conductivity (and upper quartile stiffness).  
Figure 12 also gives an indication of the compression and 
dissipation response from the soil, in comparison to that 
assumed in the feasibility and detailed design stage. A reload 
ratio of 0.1 was assumed based on literature and lab data, and 
separate sensitivities were undertaken at a ratio of 0.2. These 
ranges are consistent with Carter and Bentley (1991), and 
Kulhawy and Mayne (1990). The sensitivities were deemed 
acceptable as generally they contributed to more settlement pre 
initial set, and reinforced the previous discussion points.   

4.3 Survey Monitoring 
To confirm the scheme through actual data one of the initial 
pours (Pour 1W) for the project underwent detailed surveying 
during the concrete pour with multiple prisms mounted on the 
formwork while the load was placed and the concrete cured.   
The ground conditions were recorded as poor from preloading 
(Figure 11) prior to concrete loading with approximately 150 
mm recorded settlement after placing the preload of 25 kPa for 
13 days. The results of the surveying are summarised in Table 
3.  

Table 3. Recorded survey data compared to predictions  

 
Immediate 
Settlement 

(mm) 

Time 
Dependent 
Settlement 

(mm) 
Survey 

Measurement 
15 3 

Structural Criteria 
(with unloading 

factors) 
20 7 

Upon reloading Table 3 indicates that in poor ground the 
ground improvement met the structural criteria. It also 
demonstrates the effectiveness of the scheme when comparing 

the preload settlement versus the measured settlement on 
reload.  

5    CONCLUSIONS  

This paper provides a case study from an overwater project 
which involved loading very soft dredged muds and soft to firm 
natural clays (within a cofferdam floor) with a transient 
settlement sensitive load of a basement hydrostatic concrete 
band beam / slab system. The ground was treated with short-
term preloading to marginally over consolidate the soil prior to 
loading to meet the structural criteria of less than 7 mm time 
dependent settlement over 3 days, to ensure the concrete did not 
crack. Extensive site investigation, analysis, and I&M of the 
preloading occurred during the project. This data was used to 
create fully calibrated numerical models, and forward predict 
future reloading of the wet concrete to reduce engineering risk. 
The identification of the critical hydraulic conductivity of the 
muds, and characterisation of the stiffness of the dredged muds 
and seafloor material allowed successful outcomes with the 
measured settlement during construction being less than the 
criteria. This case study documents the implementation of the 
preloading ground improvement scheme, in particular 
highlighting the effectiveness of preloading for short durations 
for similar applications on future projects. The method led to 
considerable cost savings for the contractor.  
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