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Abstract This paper presents both experimental and theoretical works concerning
the evaluation of the thermal conductivity and thermal diffusivity of hemp concrete.
Experimental measurements of thermal properties are performed using a hot-strip tech-
nique for temperatures ranging from −3 ◦C to 30 ◦C and relative humidities ranging
from 0 % to 95 %, thus creating a large database for this material. These experimental
thermal conductivities are then compared with the results from the Krischer theoretical
predictive model. The comparison shows good agreement, and a predictive analytical
relation between the hemp concrete thermal conductivity, temperature, and relative
humidity is determined.
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a Thermal diffusivity (m2 · s−1)
b Hot-strip halfwidth (m)
cp Specific heat (J · kg−1 · K−1)
mchs Specific heat capacity (J · K−1)
p Laplace parameter
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t Time (s)
tc Critical time (s)
un Transcendental solutions (m−1)
x, y, z Cartesian coordinates
w Water content (kg · kg−1)
w0 GAB’s model coefficient (kg · kg−1)
I Current (A)
C GAB’s model coefficient
E Thermal effusivity (J · m−2 · K−1 · s−1/2)
H Sample height (m)
K GAB’s model coefficient
L Sample halfwidth (m)
N Norm
Rc Contact resistance (K · W−1)
RH Relative humidity (%)
S Saturation
Sc Contact surface area (m2)
T Temperature (◦C or K)
U Voltage (V)
X Reduced sensitivity

Greek

αn Eigenvalue
βi Parameter
ε Porosity
θ Laplace space temperature (◦C or K)
λ Thermal conductivity (W · m−1 · K−1)
ρ Density (kg · m−3)
ϕ Laplace space flux (W)
ψ Eigenfunction
φ Time space flux (W)

Exponents, subscripts

a Dry air
c Contact
eff Effective
exp Experimental
hs Hot-strip
s Solid
w Moisture (liquid and vapor phases)
⊥ Orthogonal
// Parallel
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1 Introduction

In recent years, attention has been paid to reduce energy consumption in buildings.
For example, improving efficiency, ventilation, and air conditioning systems (HVAC)
is one of the challenges. One simple way consists in paying attention to building
design and mainly to its envelope because it is the main barrier of protection from
the outside conditions, such as cold in winter, heat in summer, humidity, rain, wind,
and noise [1]. Because of growing environmental consciousness, biosourced building
materials are increasingly used nowadays in building envelopes for their interesting
attributes such as low weight, low thermal conductivity, environmentally friendly,
easily industrialized, or easy on-site casting [2]. Hemp-based materials are one of
them and present potentially large possibilities in building construction [3–6].

Hemp concrete is made from vegetal aggregates such as hemp shives (or hemp
hurds) and a lime binder. With the appropriate proportion of hemp and binder, hemp
concrete can cover different uses in a building [7]: roof insulation (minimal coating of
hemp shives to attach them to each other), wall (good compromise between thermal and
mechanical properties), and ground floor insulating slab (the higher proportion of lime,
the greater mechanical properties). Similar to the classical concrete, three different
processes are developed for setting up hemp concrete [7]: (i) molding of prefabricated
blocks, (ii) mechanical mixing, and (iii) tamping and spraying. Whatever the process,
mechanical or manual compaction could induce a preferential orientation of the hemp
particles, as shown in Fig. 1a (top view) and Fig. 1b (X-ray tomography). Whatever the
formulation or the setting process, previous research performed at the material scale
pointed out that hemp concrete has a low bulk density (300 kg · m−3 < ρ < 600 kg ·
m−3) [7] and a high porosity (ε > 0.65) [8,9]; therefore, hemp concrete presents
low mechanical properties and could not be used for structural purposes until now
[10,11]. On the other hand, previous studies indicate that the dry thermal conductivity
at ambient temperature (λ) lies between 0.05 W · m−1 · K−1 and 0.15 W · m−1 · K−1

[9–11].
The knowledge of a single characteristic value may nevertheless not be sufficient to

represent the thermal behavior of the material since it is well known that temperature
[12] and moisture content due to hygroscopic behavior [8] influence thermal properties
during climatic changes: a significant amount of pores is filled with water, for which
the thermal conductivity is 0.600 W·m−1 ·K−1, while that of air is 0.026 W·m−1 ·K−1.
The consequence of the presence of these three phases (solid matrix, air, and water)

Fig. 1 (a) Focused and (b) tomographic views of a hemp concrete
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and the competition of their effects among them will determine the effective thermal
properties of the hemp concrete. For example, common exercises on heat, air, and
moisture (HAM) transfer have demonstrated the importance of correct evaluation of
heat and airflow balances and of the material properties on temperature and moisture
calculations [13]. So, the motivation for determination of the effective thermal con-
ductivity of such a porous material as a function of temperature and moisture content
appears very significant.

In this work, an experimental procedure is developed to assess temperature and
relative humidity (RH) dependence of hemp concrete’s thermal properties. The effec-
tive thermal conductivity and thermal diffusivity of two hemp concrete samples are
estimated by the inverse method and by using the hot-strip technique (Sect. 2). The
measured values of thermal conductivity are then compared with the results from a
predictive model, namely the Krischer model (Sect. 3).

2 Materials and Techniques

2.1 Experimental Facility

The thermal conductivity can be experimentally determined either by steady-state or
transient methods [14]. A measurement method is selected based on the following cri-
teria: the size of the representative elementary volume, temperature range, and thermal-
conductivity range [15]. In our case, measurements are performed with a hot-strip [16].
This technique represents a fast and accurate method to measure thermal transport
properties for a wide range of materials, even highly porous building materials [17],
and can be used to measure the thermal conductivity from low (0.005 W · m−1 · K−1)

to high values (above 50 W · m−1 · K−1) over a wide temperature range [18].
As presented in Fig. 2, the hot-strip used in this work is a Kapton� heating ele-

ment of (25.40 ± 0.01) mm in width (2b) and (50.80 ± 0.01) mm in length (Minco
HK5164R78.4L12), with an electrical resistance R equal to 115 �. The hot-strip is
coated with a very thin aluminum layer in order to homogenize the heat flux. The tem-
perature is measured by a type K thermocouple. A flux step is experimentally applied
to the hot-strip disposed between two identical (100 × 100 × 30)mm3 samples. The
measurement consists in recording, every 0.5 s, the temperature T , the current I flow-
ing through the hot-strip, and the voltage U . The flux, given by φ = U I/2, can then
be calculated. These measurements are then interpreted in terms of thermal properties
using a theoretical model and an inverse method (see Sects. 2.2 and 2.3).

For evaluating the dependence of the thermal properties on the temperature and on
the RH, a special device is developed (see Fig. 3). The samples are first placed in a
desiccator where the RH is controlled by saturated salt solutions. Then, the desiccator
is placed in a box where the temperature is controlled. At that point, the samples are
equilibrated at one RH level for at least one week. After that, the temperature is lowered
step-by-step from 30 ◦C to −3 ◦C and at least three measurements are performed in
both constant RH and temperature (see Fig. 4). During all the experiments, the ambient
temperature and RH are also recorded. Before and after each experiment at constant
RH, the samples are weighted in order to get the dry-basis water content w.

123



Int J Thermophys

Fig. 2 Hot-strip disposition between the two samples

Fig. 3 Experimental apparatus for the hot-strip measurement under controlled temperature and relative
humidity

2.2 Analytical Model

In this section, a theoretical model of the hot-strip experiment is developed (Fig. 2).
Neglecting the mass transfers, the model is assumed to be purely conductive and
two-dimensional (2D). The heat equation at z = 0 is

∂2T (x, y, t)

∂x2 + ∂2T (x, y, t)

∂y2 = 1

a

∂T (x, y, t)

∂x
(1)
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Fig. 4 Conditioning protocol in RH and in temperature of the samples. Example given for RH going up
from 80 % to 95 % and for temperature going down from 35 ◦C to −3 ◦C

The time and boundary conditions are normalized as follows:

t = 0 T (x, y, 0) = 0 (2)

x = 0
∂T (0, y, t)

∂x
= 0 (3)

x = L T (L , y, t) = 0 (semi-infinite assumption) (4)

y = H T (x, H, t) = 0 (semi-infinite assumption) (5)

y = 0 and x ≤ b λSc
∂T (x, 0, t)

∂y
= φ (6)

x > b
∂T (x, 0, t)

∂y
= 0 (7)

For both the temperature and flux, a double integral transform in space according to
the x-direction (cosine) and time (Laplace) [19] leads to

θ (αn, y, p) =
∞∫

t=0

L∫

x=0

T (x, y, t) cos (αn x) e−pt dxdt (8)

and allows one to get the following equation:

d2θ (αn, y, p)

dy2 =
( p

a
+ α2

n

)
θ (αn, y, p) (9)

with αn = (n + 1/2)π/L and p the Laplace parameter. The solution of Eq. 9 is

θ (αn, y, p) = A cosh (un y)+ B sinh (un y) (10)
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with u2
n = p/a + α2

n . The same double integral transform concerning the flux φ is
also needed:

ϕ (αn, y, p) =
b∫

0

φ cos (αn x) dx = φ
sin (αnb)

αn
(11)

Through the y-direction, the medium is multilayered and composed by the heating
element, a contact resistance, and the sample. The quadrupole formalism and solutions
of Eq. 10 are used to express the heat transfer [20] as follows:

[
θ (αn, 0, p)
ϕ (αn, 0, p)

]
︸ ︷︷ ︸

y=0 temperature and flux

=
[

1 0
mchs p 1

]
︸ ︷︷ ︸

hot-strip

[
1 Rc
0 1

]
︸ ︷︷ ︸

contact resistance

[
Am Bm

Cm Dm

]
︸ ︷︷ ︸

sample

[
θ (αn, H, p)
ϕ (αn, H, p)

]
︸ ︷︷ ︸

y = H temperature and flux

(12)

with

Am = Dm = cosh (un H) (13)

Bm = 1

λScun
sinh (un H) (14)

Cm = λScun sinh (un H) (15)

The solution is

θ (αn, 0, p) = 1 + Sc Rcλun

mchs p (1 + Sc Rcλun)+ Scλun

φ

p

sin (αnb)

αn
(16)

From Eq. 16, a first inverse integral transform is made:

T (0, 0, p) =
∞∑

n=1

ψ (αn, 0)

N (αn)
θ (αn, 0, p) = 2

L

∞∑
n=1

θ (αn, 0, p) (17)

where ψ(αn, 0) = cos(αn y) is the eigenfunction and N (αn) = L/2 is the norm of
θ(αn, 0, p) [20]. Equation 17 determines the temperature at the center of the hot-strip.
Finally, T (0, 0, t) is obtained thanks to a numerical inverse Laplace transform.

2.3 Inverse Problem: Sensitivity Analysis and Parameter Estimation

The theoretical model has first been used to calculate the sensitivity of the temperature
T (0, 0, t) of the hot-strip to the thermal conductivity λ, the thermal effusivity E =
λa−1/2, the contact resistance Rc, and the hot-strip specific heat capacity mchs. The
aim of this study is to verify that these parameters have no correlated influence on
T (0, 0, t) and a sufficient sensitivity level so that they could be properly and precisely
estimated.
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The reduced sensitivity Xβi of the temperature to the parameters βi versus time is
defined as

Xβi = βi
∂T

∂βi
(18)

Calculations have been made for a 25.4 mm wide hot-strip on hemp concrete with
the following properties: λ = 0.100 W · m−1 · K−1, a = 2.5 × 10−7 m2 · s−1(E =
200 J · m−2 · K−1 · s−1/2), mchs = 0.4 J · K−1, and Rc = 5 K · W−1. Figure 5 presents
the evolutions of the temperature’s reduced sensitivities to the estimated parameters.

Results show that:

• The reduced sensitivities of the temperature to the parameters behave differently
from one another.

• The contact resistance and the specific heat can be estimated in the short time, e.g.,
t < 40 s. Then, they become less sensitive, the amplitude of Xmchs being greater
than the amplitude of X Rc .

• X E does not seem to be correlated to Xλ.
• The thermal conductivity λ can be estimated for great time (t > 100 s) and

estimation of the thermal effusivity E is effective between 0 and 100 s.

We can infer from those results that estimation of the parameters λ, a, Rc, and mchs
is theoretically possible. The semi-infinite assumption (Eqs. 4 and 5) has to be exper-
imentally validated. For this, Fig. 6 presents the experimental temperature variation
Texp(0, 0, t) at the center of the hot-strip and Texp(0, H, t) at the opposite surface of
the sample. We observe that Texp(0, H, t) remains constant until tc = 200 s; thus, the
estimation can be made between 0 and 180 s.

Fig. 5 Reduced sensitivity of T (0,0,t) to the thermal conductivity λ, the thermal effusivity E , the contact
resistance Rc, and the specific capacity mchs
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Fig. 6 Transient evolution of temperature at the center of the strip Texp(0, 0, t) and at the opposite surface
of the sample Texp(0, H, t) and identification of the critical time tc (Texp(0, H, tc) > 0 ◦C)

The estimation is done by minimizing the quadratic error between the mea-
sured temperature Texp(0, 0, t) and T (0, 0, t) with the least-squares coupled with a
Levenberg–Marquardt algorithm. Figure 7a, b shows Texp(0, 0, t) and T (0, 0, t), the
experimental and theoretical temperatures calculated with the estimated parameters
and also the residues T (0, 0, t)− Texp(0, 0, t) for two measurements at RH = 0 and
95 % and at constant temperature T = 20 ◦C. The presence of water leads to a greater
thermal conductivity and a lower temperature increase due to better heat transfer. The
residue difference is less than 5 % between both estimations at RH = 0 and 95 %,
which allows us to verify a posteriori that the mass transfer has minor influence on
the heat transfer.

2.4 Results

This experimental procedure is applied to two hemp concrete samples since hemp
concrete is anisotropic. In sample 1, hemp particles are oriented in the y-direction
(see Fig. 8a), and in sample 2 they are oriented in the x-direction (see Fig. 8b). Both
the samples are issued from the same hemp concrete, manufactured by projection with
a wall formulation [7]. Tables 1 and 2 show the estimated parameters λ, a, Rc, and
mchs for every temperature and every relative humidity for samples 1 and 2. Let us
consider first the specific heat capacity mchs. It presents almost no dispersion and
shows a global estimated value of (0.45 ± 0.05) J · K−1 (about 8 %) for both samples.
Since the hot-strip is the same for all experiments, a constant value of mchs confirms
the estimation accuracy. The contact resistance Rc is constant for one RH regardless
of the temperature, but it changes from one RH to the other. The experimental setup
is, indeed, removed for changing the saturated salt solutions, and the compression of
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Fig. 7 Adjustment of the estimated temperature (−) on the experimental points and residues (×10) versus
time for T = 20 ◦C and two relative humidities: (a) RH = 0 and (b) RH = 95 %

the samples around the hot-strip is not controlled; nevertheless, this point does not
disturb the estimation.

Focusing on the thermal diffusivity a, this parameter seems to increase with T and
RH despite some outliers. Regardless, it shows values between 2.13×10−7 m2 ·s−1 and
3.09 × 10−7 m2 · s−1. Tables 1 and 2 and Fig. 9 present the calculation of ρcp = λ/a
for the samples at T = 20 ◦C functions of the water content w. We observe that the
volumetric heat capacity ρcp varies linearly with w. An additive model such as Eq.
19 can be compared to the experimental results [21].
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Fig. 8 Comparison for each sample of the vegetal particles orientation: according to (a) the y-direction
and to (b) the x-direction

ρcp,ef f = ρdry
(
cp,dry + wcp,w

)
(19)

ρdrycp,dry is the volumetric specific heat of the dry hemp concrete (ρdry = ρeff for
w = 0 from Table 3) and cp,w is the water specific heat. Experimental results are in
good agreement with the model proposed by Eq. 19. The other experimental points
cannot be plotted since the water content has only been measured for T = 20 ◦C.
The order of magnitude of ρcp is the same as that obtained experimentally from a
micro-calorimetric measurement done in the laboratory.

Figure 10 presents the thermal conductivity variation with temperature and RH for
both samples. As expected, the dry thermal conductivity λ clearly increases with T
and ranges between 0.092 W · m−1 · K−1 and 0.100 W · m−1 · K−1 for sample 1 and
between 0.069 W · m−1 · K−1 and 0.082 W · m−1 · K−1 for sample 2. As the relative
humidity increases, the water content of both the samples increases (see Table 3 and
Fig. 11), as well as the thermal conductivity λ. It confirms the role of water in heat
conduction. Pavlík et al. [15] obtained similar trends on the thermal conductivity of a
lime-based composite. Their thermal conductivity values for water-saturated samples
are approximately three times higher than that for dry materials while only 1.5 times
higher in the case of hemp concrete. It is interesting to note that the thermal conductivity
is almost identical for −3 ◦C and 95 % RH (winter conditions) and for 30 ◦C and
66 % RH (summer conditions).

Finally, we observe that the dry thermal conductivity of sample 1 is higher than
that of sample 2. As previously mentioned, the hemp shives are oriented in the
y-direction for sample 1 and in the x-direction for sample 2 (assimilated in a series
arrangement). It is well known that in the series arrangement the poorest conductor
of its component layer dominates the overall heat conduction, while in the case of a
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Fig. 9 Evolution of the volumetric heat capacity ρcp of the samples versus the water content w for
T = 20 ◦C

Table 3 Mass m, water content w, and effective density ρeff as function of the RH at T = 20 ◦C

Sample 1 Sample 2

RH (%) m (g) w (kg · kg−1) ρeff (kg · m−3) RH (%) m (g) w (kg · kg−1) ρeff (kg · m−3)

0 239.2 0.000 398.7 0 243.0 0.000 405.0

28 243.3 0.017 405.5 30 247.4 0.018 412.3

42 243.8 0.019 406.4 40 248.3 0.022 413.8

50 245.3 0.026 408.7 50 249.7 0.028 416.2

66 246.6 0.031 411.0 70 252.1 0.037 420.2

80 252.3 0.055 420.5 85 255.4 0.051 425.7

85 253.1 0.058 421.9 95 264.2 0.087 445.3

95 260.4 0.089 434.0

parallel arrangement, the best conductor dominates the overall heat conduction. This
point is respected for hemp concrete.

3 Predictive Model

Since the experimental measurement of thermal properties as a function of temperature
and RH is very time consuming, development and application of predictive models
are the most convenient method. In the literature, many works present the prediction
of the effective thermal conductivity of porous media as a function of the phase (solid,
liquid, gaseous), the porosity, the orientation, and the shape of the pores [22,23] or
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Fig. 10 Thermal conductivities as function of temperature and RH for both samples of hemp concrete

even the water content [24,25]. A review of models for the effective properties of
multiphase materials can be found elsewhere [26].

Whatever the model, the effective thermal conductivity of a mixture should be
chosen between two extreme values and given by the thermal conductivities and volu-
metric fractions of its constituents. The upper bound is reached in a system consisting
of plane-parallel layers disposed alongside the heat flux vector. The lower bound is
reached in a similar system but with the layers perpendicular to the heat flux. These
bounds are usually called Wiener’s bounds. In order to make these models more flexible
or more generic, an extra parameter is sometimes introduced. For example, Krischer
[27] proposed a weighted harmonic mean of the series and parallel models (see Fig.
12):

λeff = 1
1−n
λ//

+ n
λ⊥

(20)

where the weighting parameter n ranges between 0 and 1. It is a common practice
that n is the volume fraction of the medium disposed orthogonally to the heat flux
direction. This model is very common because of its simplicity.

In our case, hemp concrete can be considered as a porous material composed of a
solid phase (hemp and lime) and pores that can be filled with dry air or with moisture
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Fig. 11 Isothermal absorption curves for samples 1 and 2 and Guggenheim–Anderson–de Boer’s (GAB)
model fitting for T = 20 ◦C

Fig. 12 Schematic description of the three-phase composite model by Krischer [27]

(vapor or liquid phase). The air volumetric fraction in a dry porous material is given
by the total porosity ε (0 ≤ ε ≤ 1). In the case of penetration of liquid water, the
filled part of the porous space is given by the water saturation S = ρeff

ρw

w
ε
(0 ≤ S ≤ 1).

For this three-phase material, parallel (λ//) and serial (λ⊥) thermal conductivities are
given by

λ// = (1 − ε) λs + ε (1 − S) λa + εSλw (21)
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Table 4 Regression of temperature dependence from thermal conductivity (λ) and density (ρ) of air, water,
and solid phase

Phase λ (T ) = ∑
i

pi T i ρ (T ) = ∑
i

qi T i

Order i pi Order i qi

Air 2 p0 = 0.024452 2 q0 = 1.296

p1 = 7.3245 × 10−5 q1 = −0.0047964

p2 = −1.8674 × 10−8 q2 = 1.21 × 10−5

Water 2 p0 = 0.556 92 2 q0 = 1003.3

p1 = 0.002 2603 q1 = −0.15005

p2 = −1.109 × 10−5 q2 = −0.0026716

Solid phase 2 p0 = 0.3231

p1 = 0.0018014

p2 = −2.3562 × 10−5

The temperature range is (−3 ◦C to 30 ◦C)

λ⊥ = 1
1−ε
λs

+ ε
(

1−S
λa

+ S
λw

) (22)

where λs, λw, and λa are the thermal conductivity of the solid phase, the moisture, and
the dry air, respectively. The thermal conductivities of air and water are well known
[12], and Table 4 gives their variations, λa(T ) and λw(T ), with temperature under
polynomial forms in the working temperature range. Unlike the preceding values, the
thermal conductivity λs of the solid phase is unknown (even if the order of magnitude
of hemp shives and lime thermal conductivities are known).

The development of a predictive model is performed in two steps. First, the pre-
dictive model is fitted to the thermal conductivity of the dry material, for which only
the solid and dry air phases are considered (S = 0). The unknown parameter λs, ε,
and n are estimated using the least-squares with a Levenberg–Marquardt algorithm
by minimizing the quadratic error between the experimental conductivities λ and λeff
(from Eq. 20). Results are presented in Table 5 where a polynomial form for λs(T ) is
deduced (Table 4). Regardless of the temperature, the structural parameters n and ε
are constant. Specifically, the mean porosity of both samples is equal to 80.5 %, which
is consistent with the 77 % measured by Collet [8]. As for the thermal conductivity of
the solid phase λs, it is a function of the temperature and we note that the estimated
values are similar for both the samples. The order of magnitude is also suitable since
the values are contained between the thermal conductivity of lime (5.5 W · m−1 · K−1

[28]) and of cellulosic material (0.050 W · m−1 · K−1 [29]).
The second step in the procedure is the prediction of the thermal conductivity of

the whole material, where the mixing is performed for the solid matrix, air, and water.
For this problem, λs, n, and ε are considered as known (Table 3). Figures 13 and 14
present the predicted conductivities of both the hemp concrete samples as a function
of the moisture content w and the experimental points. The estimation of the errors
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Table 5 Results of Krischer’s model estimations

Samples T (◦C) −3 0 10 20 30

1 λ (W · m−1 · K−1) 0.341 0.349 0.351 0.358 0.369

ε 0.78

n 0.01

2 λ (W · m−1 · K−1) 0.293 0.310 0.313 0.345 0.360

ε 0.83

n 0.01

Fig. 13 Krischer’s model adjustment on experimental thermal conductivities versus water content for
sample 1

due to the water content and temperature measurements are also presented in Figs. 13
and 14. Thermal conductivity calculations have been carried out for a water content
supposed to be constant between −3 ◦C and 30 ◦C (Table 3), since the experimental
apparatus does not allow the measuring of the mass evolution during measurements.
However, a 0.6 % mass variation has been observed before and after experiments,
which leads to a water content variation of 8 % (horizontal error bar in Figs. 13 and
14). In parallel, the error on the thermal conductivity can be approached as the sum of
the errors on the temperature measurement Texp(0, 0, t)− Texp(0, 0, 0) (statistic error
due to experimental noise of about 0.05 ◦C), on the hot-strip dimensions (systematic
error of 0.1 %), and on the flux (systematic and statistical errors of 0.5 %). As a
consequence, the error is estimated at 3 % on the thermal conductivity (vertical error
bar in Figs. 13 and 14).

The comparison shows good agreement between predicted and experimental values
and offers an interesting outlook. Indeed, the temperature and RH dependence of
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Fig. 14 Krischer’s model adjustment on experimental thermal conductivities versus water content for
sample 2

building materials may be evaluated by measuring the temperature dependence of dry
materials and the isotherm sorption.

Finally, the thermal conductivity of hemp concrete can be expressed as a function
of the temperature and the RH by

λeff (T, w) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

1−n

(1−ε)λs(T )+ε
[

1− ρdry(1+w)
ρw(T )

w
ε

]
λa(T )+ ρdry(1+w)

ρw(T )
wλw(T )

+ n

(1−ε)
λs(T )

+
ε

[
1− ρdry(1+w)

ρw(T )
w
ε

]

λa(T )
+
ρdry(1+w)
ρw(T )

w

λw(T )

⎫⎪⎪⎪⎬
⎪⎪⎪⎭

−1

(23)

The moisture content w can be expressed over the entire relative humidity RH range
by fitting the GAB model [30] to the experimental data:

w

w0
= C K RH

(1 − K RH) (1 − K RH − C K RH)
(24)

where w0 = 0.0143 kg · kg−1, C = 14.164, and K = 0.877. These parameters
have been estimated by least-squares by minimizing the quadratic error between the
experimental water content (Table 3) andw from Eq. 24. Equations 23 and 24 may be
helpful for investigating the heat and moisture transfer through a hemp concrete wall.

4 Conclusions

Application of bio-sourced materials (like hemp concrete) in building construction
may be an interesting solution in order to improve sustainability and building energy
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efficiency. However, since it is a relatively new material, more knowledge is required.
This study dealt with the characterization of the thermal properties of hemp concrete
using the hot-strip technique. The thermal conductivity and the thermal diffusivity are
estimated by inverse methods from temperature and heat flux measurements and by
using a complete transient 2D analytical model. To investigate the influence of the
temperature T and RH, a special experimental device was developed. Results indicate
that the thermal conductivity increases when T increases from −3 ◦C to 30 ◦C and/or
RH increases from 0 to 95 %. Simultaneously, theoretical investigations are performed
and it was shown that the predictive model of Krisher could successfully estimate the
temperature and moisture dependence of the thermal conductivity of hemp concrete,
thus providing a useful relation for HAM simulation.
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