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1 Introduction 

Given the high hydraulic conductivity of coarse soils and tailings, centrifuge experiments where 
undrained response in these type of materials is desired is (almost) impossible to achieve with the current 
National Geotechnical Centrifuge Facility (NGCF) equipment limitations. In order to overcome the 
limitations imposed by the intrinsic high hydraulic conductivity of these materials, a solution is to 
increase the viscosity of the pore fluid used in centrifuge testing.  

Several studies (Stewart et al, 1998; Adamidis & Madabhushi, 2015) have devised a method for accurate 
viscosity scaling of hydroxypropyl methycellulose (HPMC) solutions by taking into account the effect 
of HPMC concentration, temperature and time. The Stewart et al (1999) and Adamidis & Madabhushi 
(2015) solutions are slightly different given the difference in composition of the HPMC used.  

The HPMC used at NGCF is Methocel F450 food gradient, thus different from the solutions studied by 
the previous authors.  

By employing the same methodology as described by Adamidis & Madabhushi (2015), this report 
presents a comprehensive study into the effect of concentration and temperature on the viscosity of a 
pore fluid mixed with Methocel F450. Simple formulas for determining the desired concentration of 
F450 to be used in centrifuge testing are proposed. 

2 Viscous fluid using Methocel F450 preparation 

The viscous pore fluid using Methocel F450 preparation method follows the Dow (2002) ‘hot/cold’ 
technique. The preparation method is briefly outlined below: 

• weigh the desired mass of F450  
• weigh 3L of boiling water and pour it into a container 
• add the measured amount of F450 slowly into the boiling water and whisk thoroughly until 

combined 
• weigh 7L of cold water (or at room temperature) and pour it over the F450 + boiling water 

mixture. 
• mix thoroughly to combine. The fluid should show evidence of increased viscosity 
• bring the container to a cake mixer (or an industrial mixer) and mix for at least one hour in order 

to homogeneously combine the solution. 
• after the mixing has finished, the solution will appear frothy and opaque. Pour the mixture into 

a large container and seal with a lid.  
• Allow 24h for the solution to stabilise. During this time, the solution will become translucent 

and the froth will disappear. 

3 Experimental method 

The method described in section 2 was used to prepare viscous pore fluid mixtures with concentrations 
of 1.2%, 1.4%, 1.6%, 1.8% and 1.95%. The concentration is computed as:  
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c= massF450
masswater

x100% Equation 1 

In order to study the effect of temperature on viscosity, solutions with different concentrations were 
placed in the freezer to achieve relatively low temperatures before the rheological tests using a 
concentric cylinder rheometer. The solution temperature was then increased by a couple of degrees 
before each test. Afterwards, a glass rod was used to gently stir the solution to achieve uniform 
temperature distribution. Care was taken to avoid air entrapment during stirring.  

During the rheological tests, the range of shear rate (from 0 to 100 s-1) was divided in 10 equal 
incremental points. The shear rate increased from 0 to 100 s-1 stepwise and was fixed at each shear rate 
point long enough so that the measured shear stress remained unchanged, and then recorded. The 10 
shear rate points and their corresponding unchanged shear stress composed the steady state flow curve. 
The slope of the steady state flow curve was reported as the measured viscosity. Since the data point in 
the steady state flow curve was measured at its equilibrium, the result has no time effect. Hence, the 
steady state measurement has the highest reproducibility. It is worth noting that some relatively low 
shear rate points for solutions with low concentrations and high temperatures were not recorded as the 
shear stresses were too low to be measured with the current rheometer. The results are presented below. 

4 Results and discussion 

4.1 Effect of HPMC Methocel gradient 

The type of HPMC used for preparing viscous pore fluid solution has a strong influence over the 
viscosity of the resulting solution. This effect is shown in Figure 1 for two solutions prepared at identical 
concentrations (i.e., c = 1.60%) using either Methocel F450 (current study) or F50 (after Adamidis & 
Madabhushi, 2015).  

Figure 2 further illustrates the breath of viscosity measurements for solutions prepared using different 
HPMC. 
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Figure 1. Viscosity of solutions using Methocel F50 and Methocel F450 with concentration c = 1.60% 

 

Figure 2. Viscosity measurements for selected solutions using Methocel F50 and Methocel F450 with 
various concentrations 
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4.2 Effect of HPMC concentration and temperature 

In order to investigate the effect of concentration of Methocel F450 on the viscosity of the pore fluid 
solution, five solutions with concentrations of 1.2%, 1.4% 1.6%, 1.8% and 1.95% (as computed from 
Equation 1) were prepared. The results of the rheological tests were shown in Figure 3.  

 

Figure 3. Effect of temperature on the viscosity of Methocel F450 solutions 

It is clear that the viscosity of the solution of Methocel F450 increases with the increase of the 
concentration and decrease of temperature, as shown in Figure 3. 

Since the behaviour is similar for all five samples (just as observed by Adamidis & Madabhushi 2015), 
by normalising each viscosity at any given temperature T°C, μT°C, by the corresponding viscosity for 
each concentration at temperature 20°C, μ20°C, all measurements fall on the same curve (see Figure 4).  

An exponential expression was determined as best fit: 

𝜇𝜇𝑇𝑇℃
𝜇𝜇20℃

= 2.223𝑒𝑒−0.04𝑇𝑇(℃) Equation 2 
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Figure 4. Normalised viscosity change with temperature with respect to a base viscosity at temperature 
T = 20°C 

To obtain the viscosities of solutions of different concentrations at 20℃, polynomial functions were 
used to fit the curves in Figure 3, then the viscosities at 20℃ were calculated using these functions. The 
viscosity, μ20°C, of each of the solutions at temperature T = 20°C are graphically represented in Figure 
5. 

The following power law expression is computed as best fit: 

μ20℃ = 0.04263𝑐𝑐2.997 Equation 3 

where the unit of μ20℃ is Pa·s.  
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Figure 5. Effect of Methocel F450 concentration on the viscosity of the pore fluid solution at 20℃ 

5 Methodology for determining the Methocel F450 solution concentration for use in 
centrifuge testing 

A methodology for determining the Methocel F450 solution concentration to increase the viscosity of a 
pore fluid required to reach a target coefficient of consolidation is provided below. This methodology 
includes the finding from the current study on Methocel F450. 

Step no. Description 

1 Determine the coefficient of consolidation of material (e.g., soil, tailings) by means of 
Rowe Cell testing at desired target vertical stress(es), cv,T1,°C where T1,°C is the 
temperature at which the test was conducted 

2 Input the temperature at which the Rowe Cell test was conducted, T1,°C 

3 Input the temperature expected in the centrifuge room, T°C 

4 Compute the viscosity of water at expected centrifuge room temperature T°C, μwater,T°C 
using Equation 4 

5 Compute the viscosity of water at the temperature T1,°C at which the Rowe Cell test 
was conducted, μwater,T1,°C using Equation 5 
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6 Compute the coefficient of consolidation of the material mixed with water at the 
desired target vertical stress, at expected centrifuge temperature T°C, cv,T°C using 
Equation 6 

7 Input the desired target coefficient of consolidation of the material mixed with 
Methocel F450 at the desired target vertical stress, at expected centrifuge temperature 
T°C, cv,F450,T°C  

8 Compute the target viscosity of the Methocel F450 solution at temperature T°C, μT°C 
using Equation 7 

9 Use Equation 2 to compute the normalized viscosity for the Methocel F450 solution at 
temperature T°C, μT°C / μ20°C 

10 Using Step 8 and Step 9, determine the target viscosity of the Methocel F450 solution 
at temperature 20°C, μ20°C 

11 Determine target concentration of the Methocel F450 solution using Equation 3 

where: 

𝜇𝜇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,𝑇𝑇℃ = 0.000000052(𝑇𝑇℃)4 − 0.000012(𝑇𝑇℃)3

+ 0.00111(𝑇𝑇℃)2 − 0.0566(𝑇𝑇℃) + 1.7756 
Equation 4 

 

𝜇𝜇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,𝑇𝑇1,℃ = 0.000000052(𝑇𝑇1,℃)4 − 0.000012(𝑇𝑇1,℃)3

+ 0.00111(𝑇𝑇1,℃)2 − 0.0566(𝑇𝑇1,℃) + 1.7756 
Equation 5 

 

𝑐𝑐𝑣𝑣,𝑇𝑇℃ = 𝑐𝑐𝑣𝑣,𝑇𝑇1℃
𝜇𝜇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,𝑇𝑇1,℃

𝜇𝜇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,𝑇𝑇℃
 Equation 6 

 

𝜇𝜇𝑇𝑇℃ = 𝜇𝜇𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤,𝑇𝑇℃
𝑐𝑐𝑣𝑣,𝑇𝑇℃

𝑐𝑐𝑣𝑣,𝐹𝐹450,𝑇𝑇℃
 Equation 7 

 

A spreadsheet, namely Concentration of methocel calculation based on cv of soils mixed with water.xls,  
incorporating Steps 1 to 11 is provided with this report for ease of application. 
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