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Measuring the Nautical 
Bottom: a challenge 

Scenario Testing 

“Understanding mud behaviour” 

ACTUAL & ALTERNATIVE 
DREDGING 

SAFE NAVIGATION 
 

& 



Understanding mud behaviour via 
an extensive measuring program 

• Laboratory environment 
• Density 
• Rheology 

• In-situ measurement devices 
• Density 
• Rheology 

• Physical tools 
• Towing tank  

• Sediment test tank  
• Numerical tools  

• CFD 
 

Sediment  

Micro-scale 

Vessel 

Macro-scale 

Definition of “nautical bottom” 



LABORATORY 

• Density • Rheology 
 

Gamma (Cs 137)  
densitoscan 

Anton Paar DMA 35 Pycnometer 

Accuracy = f(viscosity, large grains  
and bubbles); OK till 1,25 g/cm³ 

Anton Paar MCR301 

Changes in techniques 
• no spring in new generation 
•open cup (large gap) 
• new protocol needed  see next  

 

Shear Stress/rate controlled 



Rheology Lab Protocol 

EFC Retained stress True Yield (Static yield) + + 

Undisturbed sample 
Stress growth test 

High pre-shear + 
Shear rate till equilibrium 

Applied  
shear rate 1 

Applied  
shear rate 2 

Applied  
shear rate 3 

Applied  
shear rate 4 

Applied  
shear rate 5 

W
orrall-Tuliani m

odel 
4 param

eters 

What a vessel feels at 
first contact with 
undisturbed mud 

- What a vessel (different parts) feels when 
mud is moving (disturbed mud)  

- What the next vessel could feel 



“IN-SITU” = Sediment test tank 

• Representative  mud-sampling 
• Distinct layers 
• Quick analysing (transport) 
• But … no tide 

Controlled comparison  



“IN-SITU = Zeebrugge” comparison 

• Representative  mud-sampling ? 
• Distinct layers ? 
• Lateral variation? 
• Quick analysing (transport) ? 
• But … in situ  

In-situ 
Un-controlled comparison  



IN-SITU / Sediment Test Tank 
• Comparison density devices   

2009-2010 
In-situ Density 

“All instruments 
measure density correct 

till 1,25 g/cm³” 

DRDP 

Densitune/Rheotune 

Navitracker 

Navitracker 2011 

Admodus USP pro 

DART & DA2RT 



IN-SITU / Sediment Test Tank 

• Comparison rheological devices 

Graviprobe 

Rheotune 

MIR 

Rheocable 

Admodus USP pro 

• Instruments individually tested in STT 
• Measuring (artificial) rheological transitions 
• Only 1 point on the rheogram (behaviour ?) 



Rheology - Mechanical 
measurement principle = 
“feeling the mud” 

towing rotating decelerating 

rheometer free fall cone  
penetration test  

Towed body 

vibrating 

Tuning fork 

“Measuring the 
shear-stress 
evolution in 

depth (not in 
time)” 
(MIR) 

“Staying on a 
level in the 

mud”. 
(Rheocable) 

(1) Force/surface 
needed  

to maintain the applied 
chosen vibration  

(Mudbug) 

“Deceleration 
due to 

differences in 
mud 

properties” 
(Graviprobe) 

Info on 
mud column 

Lateral  
1 level info 

Info on 
mud column 

Info on 
mud column 

(2) Difference in 
resonance frequency 

(Rheotune)  

Sam
pling 



Scenario Testing Tools 

Scenario Testing 

“Knowing the 
cohesive 

sediments” 

Preparing 
sediment and 

testing devices 

Consolidation Columns  
& tools: tracer / structure-scan 

Sediment Test Tank  

Towing in real mud 

Sloping channel 
CFD modeling  



“Knowing the cohesive 
sediments” 

Consolidation Columns  
Tracer  

Structure-scan 
Acoustic CT-scan 

Visualisation tools to follow up consolidation and structure 
Tools to “follow up”, “predict” and “adapt” 



CFD 

• Feasibility study (FHR-Antea Group - Kuleuven) 
• “Can CFD be used as a tool to model forces on a 

vessel manoevring through mud?” 
• Towing simplified geometry as a testcase 
• Open Foam (Open Source CFD Software) 
• Delivered end 2014 
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• Mud behaviour at micro-scale / ship behaviour at 
macro-scale 

• New developments  
• Alternative dredging scenario’s 
• Nautical bottom definition 

Conclusions 
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