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Abstract 
This report presents the results of heat and moisture property measurements carried out in order to quantitatively 

evaluate the insulation and moisture control performance of "Tsuchikabe (a soil wall)" constructed using traditional 
Japanese methods. The data presented in this report refer to the equilibrium moisture content, heat conductivity and 
moisture conductivity of "Nakanuri Tsuchikabe (a soil wall used as an intermediate coat)" made from materials 
produced in Hyogo Prefecture. Heat conductivity and moisture conductivity were evaluated at different temperatures 
and moisture contents. The data on the physical properties obtained for this report allow an accurate evaluation to be 
made of the insulation and moisture control performance of the materials used for “Nakanuri Tsuchikabe.” 
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1. Purpose 
Recently, a large amount of low cost petroleum-

derived chemicals have been used in building materials 
for housing construction. However, the chemicals 
released from these construction materials, combined 
with the airtight nature of much modern housing, are 
widely acknowledged to have an adverse effect on 
residents’ health and to contribute to the social problem 
known as “sick house syndrome”. Accordingly, much 
attention is now being paid to the use of natural materials 
in traditional construction methods that do not allow any 
harmful chemicals to adversely influence the human 
body. 

This report focuses on the traditional construction 
material known as "Tsuchikabe" which is made from soil, 
water, sand and "Susa (straw fibres)". "Tsuchikabe" is a 
clay-like construction material which hardens when it 
dries. The manufacture of "Tsuchikabe" (containing 
"Susa" for added strength when used as a construction 
material) is a traditional skill, peculiar to Japan. 
"Tsuchikabe" is an effective counter for the sick house 
syndrome because its use does not generate any 
chemicals. In addition, the insulation and moisture 
control characteristics of "Tsuchikabe" also make it 
suitable for the construction of the traditional Japanese 
storage warehouses known as "Kura". Some architects 
have tried to exploit the advantages of "Tsuchikabe" by 
using it as a replacement for petroleum-derived heat 
insulation materials.  

However, little actual quantitative evaluation has been 
carried out on the insulation and moisture control 
performance of walls made using "Tsuchikabe” and the 
number of workmen who still know how to construct 
"Tsuchikabe" has decreased because of the reduced 
demand for this work and because of its cost. The 
government provides a lot of support for the retention of 
traditional skills. However, training for people to the 
required skill level is a difficult problem due to the way 
in which architectural skills have been modernized and 
the way in which young people now view their 
professions. It is necessary to closely examine the role 
and importance of such skills in vocational training. 

The aim of this report is to evaluate the effectiveness 
of the insulation and moisture control performance of 
"Tsuchikabe" (nakanuri) when used as a construction 

material and manufactured using traditional skills and 
natural materials. If the equilibrium moisture content, 
heat conductivity and moisture conductivity of 
“Tsuchikabe” could be simulated and measured by 
quantitative evaluation, then the usefulness and value of 
the traditional skills involved in its manufacture could be 
confirmed. Dr. Miyano 1) has been active in measuring 
the heat conductivity of "Tsuchikabe." However, the 
amount of data available on equilibrium moisture content 
and moisture conductivity which can be used to evaluate 
the moisture properties of “Tsuchikabe” is extremely 
limited. 

 
2. Test samples 

The composition and characteristics of the test 
samples evaluated are shown in Table 1. The "Susa" used 
comprised straw which had been dried for one year. The 
sand used had a particle size of less than 3 mm. In this 
report, separate “summer-combination” and “autumn-
combination” test samples were used. More "Susa" and 
water were used in the “summer-combination” test 
sample than in the “autumn-combination” one. The 
reason that different mixtures are used, according to the 
season, is to prevent the component materials from 
separating out. 

 
Table.1  The components of "Tsuchikabe." 

Volume   (m3) Mass   (kg) Volume   (m3) Mass   (kg)

AWAJI Soil 0.005 6.653 0.006 7.008

IESHIMA Sand 0.008 11.312 0.008 11

SUSA - 0.150 - 0.162

Water

Dry density 

Porosity 41.47%

5.353.5

1665.3kg/m3

47.48%

2004/9/8 2005/7/2

1862.3kg/m3

 

 
3. Equilibrium moisture content 

Moisture content was measured using the desiccator 
method 2). Saturated salt solutions of MgCl2: 35% RH, 
Mg(NO3)2: 56% RH, NaCl: 80% RH, and KCl: 90% RH 
were used for humidity control in the desiccators. An 
incubator set at 20°C was used to keep a constant 
temperature in each desiccator. "Tsuchikabe" is a 
material in which the capillary structure collapses when 
it is saturated with water. Therefore, water was poured 
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into the test samples at a constant rate using a device that 
maintained a constant potential difference, and the 
moisture content measured immediately before the 
collapse was defined as the critical moisture content. An 
equilibrium moisture content curve was obtained by 
approximating these discrete measurements polynomially 
as continuous properties that could be used for the 
simulation. Fig. 1 shows the mean value and the 
equilibrium moisture content curve based on the results 
of the measurement of two or more test samples. The 
equilibrium moisture content curve shown in Fig. 1 was 
expressed by two approximation functions on the 
boundary of 90% RH. 
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Fig.1  The relation between moisture content and 

relative humidity 
 

4. Moisture conductivity 
The measurement methods used were based on JIS A 

1324 (hereinafter referred to as dry cup) and ISO 12572 
(hereinafter referred to as wet cup). Each test sample was 
measured at 25°C (25% RH) and 25°C (42.5% RH) in a 
dry cup, and then measured again at a higher humidity of 
60% RH and 81% RH with a saturated salt solution of 
MgCl2: 25°C (35% RH), NaCl: 25°C (77% RH)2) in a 
wet cup. The average value of the results measured is 
shown in Table2.  

The difference in moisture conductivity between 
“summer-combination” and“ autumn-combination” 
test samples was also examined. The way in which 
moisture conductivity responded to moisture content was 
forecast based on moisture conductivity3) measured with 
the “autumn-combination” 25°C (25%RH) test sample.  

Measurements of the “summer-combination” test 
sample reached about 70% of the level of the “autumn-
combination” test sample. It is understood that moisture 
conductivity varies according to the difference in 

porosity within the mixture. In this report, comparison of 
the measurement results for the “autumn-combination” 
material with those of the “summer-combination” 
material showed that moisture conductivity was affected 
by relative humidity (moisture content), as shown in Fig. 
2, illustrating the influence that variations in site 
construction materials may have on the moisture 
conductivity characteristics of "Tsuchikabe". Moisture 
conductivity reached a maximum at 25°C (42.5% RH), 
as shown in Fig. 2. This value was not consistent with 
the other measurements recorded and was not, therefore, 
used for statistical purposes and is included in this report 
only as a reference value. 

 
Table.2  Measurement result of moisture conductivity 

Test

Environment of incubator 25℃50% 25℃85% 25℃85% 25℃85%

Ambient temperature and
 relative humidity  on test sample

Average temperature and 
relative humidity of test samples

Moisture conductivity (kg/m・s・Pa) 1.24×10-11 2.55×10-11 1.84×10-11 1.81×10-11

Dry cup Wet cup

　25℃25% 25℃42.5% 25℃60% 25℃81%

CaCl2(0%RH)  MgCl2(35%RH) NaCl (77% RH)

 

0

5E-12

1E-11

1.5E-11

2E-11

2.5E-11

3E-11

0 20 40 60 80 100

Relative humidity（％）

M
oi

st
u
re

 c
o
nd

uc
ti
vi

ty
（k

g/
m

・
s・

P
a）

y = 2.18696×10-13x + 3.1591×10-12

 
Fig.2  The relation between moisture conductivity and 

relative humidity 
 

5. Heat conductivity 
The measurement method used was based on JIS A 

1412. Each test samples was assumed to be in a dry state 
at 25°C (55% RH) and a moist state of 25°C (85% RH). 
Temperature differences of 40-20°C, 30-20°C, and 30-
15°C were used for both moist and dry states. Fig. 3 
shows the average value of heat conductivity measured 
with two or more test samples. The results for the heat 
conductivity of "Tsuchikabe" show good agreement in 
both dry and moist states and little variation in response 
to either moisture content or temperature. The results 
show that heat conductivity can be regarded as being 
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relatively constant at around 0.362 (W/m·K). Fig.3 also 
shows the results of previous observations 
reported1) .The measurements recorded in this report 
were about 0.73 times the size of those reported 
previously. Whether this difference in results is due to 
different materials being used in the manufacture of 
"Tsuchikabe" or to site differences should be evaluated in 
the future. 
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Fig.3  The relation between heat conductivity and 

temperature  
 

6. Conclusions 
The physical heat and moisture properties of 

"Tsuchikabe" studied in this report are as described 
below. 

1)  Equilibrium water contents were obtained across a 
wide range of moisture contents from dry through 
to saturated states. 

2)  Moisture conductivity was related to moisture 
content in a linear fashion.  

3)  Heat conductivity showed little variation in 
response to either temperature or moisture content 
and thus can be treated as a constant value of about 
0.362 (W/m･K). 
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