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Abstract
The divided bar method is a commonly used method to 
measure thermal conductivity of rock samples in laboratory. 
We present improvements to this method that allows for 
simultaneous measurements of both thermal conductivity 
and thermal di�usivity. The divided bar setup is run in a 
transient mode and the temperature distribution in the 
stack is simulated by Finite Element Modeling (FEM). A 
Markov Chain Monte Carlo Metropolis Hastings (MCMCMH) 
algorithm is used to estimate the thermal parameters of the 
sample.

Apparatus
The main principles of our divided bar apparatus are similar 
to those used by Beck (1957) and Jessop (1970). The setup 
utilise two discs of ceramic material. Two copper discs are 
placed between the ceramic standards and the sample. Four 
thermistors in the copper discs measure the temperatures in 
the radial centre of the stack at positions above and below 
both the ceramic standards (Fig. 1). At the top of the stack, 
water is circulated to impose a time varying temperature 
gradient. The temperatures at the four thermistor points are 
measured every 0.2 seconds. A hydraulic system is used to 

minimise the 
contact resistance 
between discs, 
and a styrofoam 
box is used to 
insulate the 
system from the 
surroundings. 
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T4 Figure 1: Picture of the 
divided bar setup 
measuring a granitic 
sample. T1-T4 is the 
thermistors.
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Numerical forward modeling
The forward modelling of the full time series temperature 
distribution is carried out using the �nite element 
method.  Each disc is subdivided into a set of subelements 
and given thermal properties according to the material. 
The thermal resistance at the six internal surfaces of 
contact is also treated using a radiation boundary 
condition, resulting, in principle, in six unknown surface 
conductances. The temperatures measured in the top and 
bottom thermistors, T1 and T4 respectively, are used as 
Dirichlet boundary conditions for each time step. The 
temperatures in the positions of thermistors T2 and T3 are 
stored for each time step and used in the inversion 
algorithm.
Although the heat equation is solved only for 
one-dimensional axial �ow, the possibility of radial heat 
�ow is accommodated by applying a radiation boundary 
condition that allows the stack to exchange heat with the 
surroundings. 

Statistical Inversion modeling
A Markov chain Monte Carlo Metropolis-
Hastings (MCMCMH) inversion algorithm 
(Hastings 1970) is applied. The MCMCMH 
algorithm performs a statistical sampling 
of the model parameter space and esti-
mation of statistical properties of the 
model parameter values. The forward 
modeling is fast enough that su�ciently 
long Markov chains (e.g. 150.000) can be 
generated to produce representative 
posterior probability density functions 
for the variable parameters. In the inver-
sion procedure we keep several param-
eters as unknown. All parameters, except 

the main unknowns, which are the thermal conductivity and speci�c heat capacity of the sample, have a priori values with uncer-
tainties. An example of measurements, with parameters of the accepted models presented in histograms, is shown in Fig. 3. The 
density of the sample is measured independently and the thermal di�usivity can then be found.
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Figure 3: Example of inversion results from a transient divided bar measuring. 

The accepted model parameter are plotted in a histogram  

Conclusion
With the suggested transient procedure, the divided bar, in 
addition to thermal conductivity, also measures speci�c 
heat capacity and thermal di�usivity, the latter requiring 
independent measurements of density. All properties may 
be measured with a high degree of accuracy. 
The improvements shown here require only little or no 
modi�cations to existing setups. The system must be able 
to measure in a continuous mode and with a varying tem-
perature boundary. The �nite element method is easily ap-
plied to di�erent con�gurations of standards and samples. 
The MCMCMH algorithm can be applied to any problem 
with a forward solution, but high computation speed is es-
sential to produce long Markov chains. 
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Figure 2: Example of measured temperatures in the divided bar 
stack. Red, blue, green and black are thermistors T1 to T4 


