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Means for accelera ted  measurement  of the thermat  conduct ivi ty  of building mater ia ls  are described.  Most 
of the operations involved may  be performed au tomat ica l ly .  

In known methods for determining thermal  conduct ivi ty  using a l inear heat  source, the heater  and thermometer  

are separate e lements ,  Attempts to use a resistance thermometer  s imultaneously as a l inear heat  source introduce a 
number of errors, since the average temperature  along the thermometer  is obtained rather than the temperature  at one 

point .  Moreover, in dense mater ia ls  the hot wire may  become pinched,  so that the resistance of the thermometer  may  
be influenced by strain effects as well as by temperature .  

In the method described here, special  but t -welded thermocouples serve as the heat  source or sink. If the the rmo-  
couple is used as a heat  source, the thermocouple heat ing current must be separated from the direct  current that it gen-  

erates.  This allows simultaneous heat ing of the thermocouple with al ternating current and measurement  of the generated 
thermal  emf, i . e . ,  the simultaneous measurement  of temperature  during the heat ing process. If the thermoeouple is 
used as a l inear heat  sink, no e lec t r ica l  f i l ter is required for separating the current supplied to the thermocouple from the 
direct  current generated by it. After the thermoceuple  has been heated by an e lec t r ic  current, its cooling process is 

observed. 

The resistances of the thermecouple  electrodes must be as close to each other as possible, and the electrodes must 

be arranged coaxia l ly .  Accordingly, the thermocouples are but t -weided without a bead.  

Before testing, the specimens are p laced  in a tempera ture-cont ro l led  environment at the temperature  at which the 

thermal  conduct ivi ty  is to be measured.  

If the power of the l inear hea t  source is constant, then the temperature  in the specimen is 

t= q E i . 
4~?, i 4a  ': 

In our experiments r 2 was smal l  ( ~  4 . 1 0  4 m), since the temperature  is measured at  the surface p f  the heat  source, 
and for smal l  values of  the argument r2/4ar  

E i - -  - - y + l n - -  - -  + -F 
4a �9 4a �9 4a �9 -4-  "'" 

Therefore the difference between temperatures recqrded at two different t imes is 

o r  

t2 - -  h = - -q- -q  (In z2 - -  In '1:1) 
4~), 

k = q ln(r  

4~ t ~ - -  h 

At t ime ~- = r0 >> r2/4a le t  the supply of e l ec t r i ca l  energy to the thermocouple be cut off. 

mencement  of operation of a heat  sink of power q. Therefore, for the cooling process (r  > r0) 

whence 

t-- q ~I exp(--u) du q ~ exp(-u)  u 4~k u 

r2/4a -. rZ/4a(~--%) 

t q In ~ r~ - -  - - ,  ~ - - T O ~  - -  

4~) ,  ~ - -  % 4 a  

This moment  marks the corn- 
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o r  

k =  q l n - - e  I t ,  
4'/~ '~ - -  ~0 / 

where the value of t relates to the initial state, i . e . ,  to the temperature before the source is switched on. Thus, the 
thermal conductivity is determined from a single reading of time and temperature after commencement of cooling. 
This serves as a reliable check on the results. 

It must be possible to heat the thermocouple with alternating current and simultaneously measure the thermal emf. 
Alternating current may not pass from the heating circuit to the measuring circuit (potentiometer input), since this 
would not permit measurement of the thermal emf and might damage the measuring instruments. Likewise, the direct 
current generated by the thermocouple may not pass to the heating circuit; otherwise it would not be possible to measure 
the true value of the thermal emf. Therefore in designing the device (see figure) a compound LC filter was inserted in 
front of the potentiometer. This filter creates a dc resistance of the order of 300 f~, in series with the input resistance of 
the potentiometer. The a]temating current at 50 cps is attenuated by the filter by approximately 120 dB (10 ~ times). 
The thermocouple heating circuit includes a high-capacity condenser to eliminate possible shorting of the thermal emf.  
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Block diagram of device for determining thermal conductivity. 
a) seconds; b) minutes; c) samples; d) heating; e) measuring; f) samples; g) potentiometer input. 

Measurement of one sample takes 10 rain. Then, after a two-minute interval the thermocouple of the following 
sample automatically begins to heat and the potentiometer input is switched over. These operations are controlled by 

the switching unit. 

The basic elements of the switching unit are 11-position electromagnetic step-by-step selector switches. Three 
of these switches were used, two for reading and indicating time and the third for switching the heating and measuring 
circuits and for indicating the number of the sample being tested. As start-pulse pickup for the first selector switch 
(seconds) we used a small ac Warren motor. One revolution of the shaft (after reduction) takes 5 sec. The thermo- 
couple is cut directly into the heating circuit across the selector contacts, and into the measuring circuit across an inter- 
mediate relay. The use of intermediate relays in the measuring circuit reduces impulse noise. 
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The device was designed to test ten samples in one exper iment .  For simultaneous testing of a larger number of 
samples i t  is necessary to use another type of selector switch, for example ,  a 25-contact  ShI-25, and to increase the 
number of relays correspondingly. 

In pract ice  testing samples of different shapes and sizes have to be dea l t  with, Accordingly,  thermocouples vary-  

ing in both length and cross section may be used. To avoid changing the heating current during testing, provision for 

presett ing has been included.  Addit ional  reguiation is not required during the test, since a current s tabi l izer  is incor-  
porated in the heat ing circui t .  

Particular attention was paid to protecting the measuring circui t  from every kind of interference.  With this aim, 
shielded conductors were main ly  employed.  Components generating e lec t romagnet ic  fields (transformers, switches, 
relays, e t c . )  were screened with steel  housings. The various units and components are mounted in two compartments .  
The power pack is accommodated  in the lower compar tment  and the components of the switching and indicat ing units 
in the upper. 

Since during the heat ing period the thermocouple serves both as a hea t  source and as a thermometer ,  a separate 
heater  is not required. In part icular ,  errors caused by the introduction of a second wire are e l imina ted ,  while the d i -  
mensions of the sample may  be much less than in other variants of the method based on a l inear heat  source, However, 
the most important  feature of the proposed method is its speed. The test wi l l  be shorter, the thinner the thermocouple,  
because the Fourier number is greater and, consequently, the formulas for ca lcu la t ing  the thermal  conduct ivi ty become 
appl icable  sooner, For example ,  with a thermal  e lectrode diameter  of 0 .5  m m  any building mate r i a l  can be tested in 
no more than a few seconds. 

Values of the Thermal  Conductivi ty for Different Materials 

Mater ia l  

Arbolit  from wood waste 

Dense Por t land-cement  

Cel lular  concrete 

Cel lular  cinder concrete 
Gypsum plaster 
Petroleum bi tumen mark 3 
Expanded c lay  

Pumice 

Foamed concrete 

Perli te 

Stramit  

Volumetric ] Absolute 
weight of dry] moisture 
mater ia l ,  content ,  
kg/m3 ~ 

I 
550 0 

14.5 
23.2 

600 0 
16.0 
27.5 

I900 0.70 
8.7 

2100 0.75 
3,4 

600 15 
1000 15 
600 20 

1600 1 
990 0 
600 1 
650 1 
400 0 
630 0 
400 20 
800 20 
290 0 
400 0 
190 8 
180 8 

k" i. 163-I ' 

W/m �9 degree 
at 28 ~ C 

I 
O. 079 
O, 145 
O, 176 
O. 080 
O, 150 
O. 189 
1.03 
1.8 
1.06 
1,44 
0.17 
O, 38 
0.16 
O. 56 
0.14 
0.12l 
0,126 
0. 069 
O, 076 
0.16 
O, 34 
O, 058 
0.065 
O, 08 
O. 065 

(at - - 4 )  

A significant advantage of the method described is that  it  gives the thermal  conduct ivi ty not on lyofd ry  mater ia ls  
but also of moist  mater ia l s  with high accuracy,  since the temperature  change and heat ing t ime are quite small ,  so that 

the moisture distribution in the ma te r i a l  does not change appreciably,  

The device was used to investigate concretes of various density and moisture content,  l ight aggregates, and in-  
sulating materials .  For dry mater ia ls  a comparison was made with the results of pa ra l l e l  determinations by the s teady-  
state hea t  conduction method, and for moist  mater ia ls  by the regular regime method.  Values of the thermal  conduc-  

t iv i ty  obtained with the device are presented in the table .  
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NOTATION 

t - t empera tu re  of t he rmocoup le ;  q - quant i ty  of hea t  re leased by source per  unit  t ime  per  unit length;  k - ther -  
ma l  conduc t iv i ty ;  r - d i s t a n c e  from axis of  source to poin t  at which t empera tu re  is measured ;  a - t h e r m a l  diffusivity; 

r - t ime .  
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