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This report centers on the use of heat to decompose 
contaminated concrete to facilitate its removal. It 
discusses the use of electrical resistance heating and 
induction heating to cause differential expansion 
between the reinforcing steel and the concrete in order 
to spall the concrete. It introduces the concept of 
using induction heating to both decompose and spall 
steel impregnated concrete, acknowledging the work of 
Charles H. Henager in this field. 

The techniques are offered as theoretical and 
untested possibilities. Their practical application 
- - - - - - - - - 

depends upon €tiep effect tveness -of alterrrrti v e r  and upen - - --  - - - - - 

further development of these concepts. 



INTRODUCTION 

The decontami nation techniques considered here stem from an earl ier inves- 
(1 

- 
tigation of the effects of heat on concrete as a demolition device. 

These techniques are untried and each has what appear to be practical 
1 imitations. They appear to have theoretical validity. Depending upon the 

alternatives, they could be of practical value for specific situations. 

These techniques include the use of: 

space heating to decompose concrete surfaces 

electrical resistance heating of steel-reinforcing bar to spall 

concrete from the steel 

electrical induction heat to spall concrete from steel reinforcing 
bar 

electrical induction heat to decompose and spall steel-impregnated 

concrete (Wi randm). 

The use of heat to decompose concrete calls for a brief review of the 

nature of concrete and its responses to heat. Concrete is composed of calcium 
carbonate (CaC03) cement (20% to 30%) and rock and sand aggregate (70% to 
80%). The cement glues the aggregate together. Concrete has some 5% to 6% 

water by weight, even when dry. Eighty percent of this water is free water 
and 20% is chemically bound. 

When the temperature of concrete is raised to 212OF, the free water is 

driven off as steam; an explosive spalling of the concrete occurs if the tem- 
perature is raised faster than the water vapor can escape through the pores of 
the concrete. At about 400°F to 500°F the chemically bound water is driven 

off. This dehydration causes the cement paste to shrink and lose some of ,its 

adhesion. There is a strength loss at this point on the order of 10% to 25%. 

When the temperature is raised to 1063OF, there is a change in the crys- 

talline structure of quartz (from quartz alpha to quartz beta), which results 

@ Wirand is a registered trademark of the Battel le Development Corporation, 
Columbus, Ohio. 
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in swell i ng and internal cracking. Concrete with quartzitic aggregate wi 1 1  
have lost 50% to 75% of its strength at this approximate temperature. 

Between 1200°F and 1600°F, Portland cement (CaC03) converts to CaO + C02, 
with the C02 leaving as a gas. After exposure to the atmosphere, as the con- 
crete cools, the CaO absorbs moisture from the atmosphere and converts to CaOH2. 

CaOH2 is considerably weaker than CaO and wi 11  spontaneously disintegrate, 
with the rocks and sand falling loosely. The scale of strength loss due to 
heating is taken from Abrams. (2, Figure 15) 

The specific heat of reinforced concrete is a nominal 0.20 Btullb. It 
takes about one-fifth as much heat to raise a pound of concrete 1°F as it 
takes to raise the same weight of water 1 F. The specific heat of steel is a 
nominal 0.10. 

Thermal conductivity is the rate at which heat is passed through a sub- 
2 stance. It is expressed in Btu/ft /degree F temperature differencelft. The 

thermal conductivity of concrete is 0.54, and the thermal conductivity of steel 

is 26.2.(3) Heat goes through steel some 48 times as fast as it goes through 
concrete. 

In the progression of heat through a concrete wall or slab, the surface 

exposed to heat is heated much higher than the concrete behind it initially 

because of the low thermal conductivity of concrete. Over a period of time, 
however, the heat distribution approaches a straight line steady state from 

the high inner temperature to the lower temperature of the outside edge of the 
wall or structure. 

A simplified heat progression rate is that each 314 in. of depth of con- 
crete raised to 1600°F requires 4 hr. (2, p. 35, Figure 25) 

SPACE HEATING TO DECOMPOSE CONCRETE SURFACES 

Space heating to decompose concrete surfaces requires an enclosed space 
and a noncombustion heat source such as electrical heating units. Electric 

space heating is limited by the size of the units available. The largest 



located are 100 kW, which at 3412 Btu/kW equals 341,200 Btu/unit (cost 1980, 

$3,000 each). It is possible to hook up a large number of units. They can - 
operate at 1700°F to 2100°F temperatures. 

3 As an example, an enclosed space 24 ft , such as a pit, would have 5 sides 
3 and a lid of 576 ft2 each, 2,880 ft2 plus lid. To raise 2,880 ft of concrete 

.I 

1,600°F would require 2,800 ft3 x 140 1b/ft3 x 1600" x 0.20 specific heat = 
2 - - - - - - - - - - - - - - - - - - - - - - - - - -  

-L29-,000,-000-Bttr.--Tw~ thousa~cleighthundred eighty ft of concrete would 
2 transmit by thermal conduction 0.54 x 2,800 ft x 1,750" x 2,700,000 Btu/hr. 

The hourly input of 2.7 million Btu would require 48 hr to deliver the required 
129 million Btu. 

Eight 100-kW heating units would produce 2,700,000 Btu/hr (8 x 340.000). 

To compensate for heat losses from the lid and possible unit failures, 12 units 
should provide that factor. 

To compensate for heat passing beyond the first foot of depth, a doubling 

of the time could be required. A reasonable heat input would appear to be 12 
heating units operating for 96 hr. Checking this against the simplified heat 

progression rate- f 3/_4 _inz 14 hr, 96- hr = 18 in ,, a r 'a-sonable corre-l at ion-.- - - 
p - p p p p p p p - - - - - - - -  - -  

The action of the concrete should follow these steps: 

1. exhalation through the pores of the concrete of free water in 
the form of vapor - This could involve some explosive spalling. 
The volume of this vapor, which would be highly radioactive, 
could be generally computed as 0.80 x 0.06 x the volume of the 
concrete heated to 212°F x 1600 (expansion of water to steam). 

2. exhalation of chemically bound water, also highly radioactive, 
computed as 0.20 x 0.06 x the volume of the concrete heated to 
400°F x 1600 

3. progressive strength loss of the concrete as it approaches 

4. Minor contamination of previously uncontaminated concrete could 

occur as that portion cools below 212°F and draws moisture from 
the atmosphere through the contaminated portion. 4 .  



The heat progression through the mass would not initially be in a straight 
line. At the point of initial 1600°F heat penetrating to the 12-in. depth, the 
mass heated ahead would show a dropoff to some 200°F within a further 12 in. 
By doubling the 12-in. depth volume, we should be able to make a rough computa- 

tion of the volume of free and chemically bound water escaping to the pit in 
3 the form of steam vapor. In the example used of a 24-ft space, the 2,880 ft2 

3 of concrete surface x 2 ft depth = 5,760 ft of concrete. Six percent moisture 
3 content x 5,760 = 35 ft water, some 2,800 gal. Three hundred fifty ft3 x the 

3 expansion of steam = 560,000 ft of steam to be handled. 

In addition, there would be further penetration of heat into the concrete 
mass after the heat source was removed as the heat sought a steady-state dis- 

tribution. This would result in a continued exhalation of vapor for a time as 
the mass cooled. This reduced vapor flow would pass through radioactive mater- 

ial and could pick up radioactivity. It would have to be contained and treated 
until the steady state is reached and the temperature begins to recede at the 
innermost penetration. 

The feasibility of decontamination by space heating depends upon the vul- 

nerability of the heating units to spalling concrete and upon the ability to 
confine, draw off, and treat the radioactive vapors released. 

ELECTRICAL RESISTANCE HEATING OF STEEL REINFORCING BAR 

Decontamination by electrical resistance heating consists of passing an 

electric current through the reinforcing bar causing the reinforcing steel to 

expand, break its bond with the concrete and spa11 the concrete. 

This differential expansion can be readily accomplished when the rein- 
forcing bar is continuous, not grounded to other objects, and accessible for 
attachment of electrical leads. The passing of electrical current through it 
in sufficient quantity will cause the rebar to heat internally. As it expands 

from the heat, its deformation will be resisted by the concrete. A 300°F dif- 
ference in temperature is generally sufficient to break the concrete. This is 

confirmed by J. P. Vidosic, who states: 



When the deformation arising from change of temperature is 
prevented, temperature stresses arise that are proportional 
to the amount of deformation thzt is prevented . . . In the 
case of steel, a change of temperature of 12OF will cause in 
general a unit stress of 2,340 lb/in.3(4, Po 5-17) 

3 At 195 Ib/in. /degree F, a change of 302OF would generate a stress of 

58,890 ~ b / i n . ~  This generally exceeds the full bonding strength of concrete 

and could reasonably be expected to cause failure. The steel could be heated 
some 8 times the 300°F cited and generated deformation forces far beyond that 
requ i red. 

The procedure is not likely to be successful for the already constructed 

plants with which we are most concerned because: 1) the reinforcing steel is 
tied together in grids which can pass large amounts of current without heating, 

2) the reinforcing rods are discontinuous, and 3) the ends are not readily 
accessible for attaching electrodes. 

These problems could be overcome readily in new construction. Continuous 

separate bars with accessible ends could be built into areas of concrete 

expected to become heavily contaminated. Decontamination of these areas would 

become safe, fast, and inexpensive. 

A process for accomplishing electrical resistance heating of reinforcing 

steel is described in French Patent #918,321, not available at time of writing. 

The electrical resistance procedure could be carried out with a minimum 
amount of human exposure to radioactivity. 

ELECTRICAL INDUCTION HEAT TO SPALL CONCRETE FROM STEEL REINFORCING BAR 

Electrical induction heating can heat buried steel without heating the 

intervening concrete. Decontamination by induction heating of a shallowly 

buried rebar or wire mesh pattern would avoid the necessity of exposing the 

ends of the steel for attachment of electrodes and the necessity that the steel 

be a continuous conductor. Since it has a 1 imi ted depth of penetration, induc- 
tion heating should be designed for use in areas not expected to be deeply con- * 
taminated. It requires preplanning into new construction to be most effective. 



It requires a relatively sophisticated device compared to resistance heating. 
It should be a safe and relatively economical method for decontamination. 
Induction heat creates a rapidly reversing magnetic field which penetrates 

through concrete to the buried steel. It induces an electrical current in the 

buried steel and, by reversing the direction of the current, causes the atoms 

to rapidly and continuously change their a1 ignment, creating heat. 

There are many induction heating devices on the market and they can be 

modified for particular application. The details of design and operation of 

one such device are contained in a Japanese patent. ( 5 )  It claims that when 

the rei nforcement has been heated 150°C (302OF) above ambient, the reinforce- 
ment will break its bond and the concrete can then be readily removed. This 
is confirmed by Vidosic. (4 )  

The current must reverse fast enough to heat the molecules of the steel, 

but slow enough to permit penetration of the magnetic field through the con- 
crete. Four hundred Hertz is the frequency range proposed by Itoh. Higher 

frequencies have a falling off of penetration and their reflections in the very 

high frequencies can be harmful to humans, causing cataracts and bone damage. 

The coil requires continuous cooling to prevent it from burning out. This can 
be accomplished by wrapping the coil with copper tubing through which water is 

passed, rather than with solid cooper wire. Itoh specifies the use of a 

capacitor to increase the effectiveness of the magnetic flux. 

The effective use of induction heating requires the placement of reinforc- 
ing or wire mesh at the depth required to be removed. 

Reduction of human exposure would call for a remote-controlled heating 
coil. 

The procedure requires a fairly complex machine and has limitations of 

depth of penetration and hea,t capacity. It has the possibility of reducing 
human exposure to radioactivity. 

A drawback of induction heating is that it generally requires preplanning 

and pre-building of the steel mesh or rebar at the optimum depth for 



decontamination. This drawback could be partly overcome by imbedding steel in 
the concrete itself. The heat would only have to penetrate to the depth that 
was to be removed and that depth could be varied according to how deeply the 

concrete was contaminated. The penetration could be set for 1 to 6 in. This 
mixture of steel and concrete could be used as a surface coating over new or 

existing uncontaminated surfaces to assure their future readiness for 
decontamination. 

There is such a steel-impregnated concrete in existence cal led Wirand? 
It has millions of steel wire strands mixed throughout the concrete. The steel 
amounts to some 2% of the mix. The expansion of a 2% steel content should be 

sufficient to fracture the concrete. I base this on the calculation that 2% 
3 of a cubic yard (46,656 in. ) = 933 in.3 of steel. This would amount to 

390 lin ft of 1/2-in. rebar. That much rebar would rupture a cubic yard o f  

concrete just on the face of it. By Vidosicis figures, 933 in.3 of steel 

raised 300°F would generate a deformation stress of 58,890 lb x 933 = 

54,944,370 Ib. The temperature could easily be quadrupled. In addition, the 

concrete itself could be decomposed by these millions of internal heat sources 

if they were heated above the 300°F specified for spa1 1 ing. Charles Henager, 

Sr., of Battelle, Pacific Northwest Laboratories, invented and developed 
Wirand" and is the authority on its composition and application. 

Wirand" can be gunited onto surfaces expected to become contaminated with- 
out extraordinary expense. It is an established product which has been suc- 
cessfully gunited. 

Study is needed to design the precise induction heating device to remove 
it. The theory is well established and there are many hardware examples to 
select from. The process can be remotely controlled to minimize human 
exposrure. 

I believe that Battelle has a significant "in-house" solution in WirandB 
to some of the problems of concrete decontamination. 



SUMMARY 

These techniques are offered as theoretical and untried possibilities. 
There appears to be theoretical justification for pursuing their development. 

In particuar, electrical resistance heating could find a practical application 
being built into reactor pit areas. ~irand" appears to have a wide potential 
application. Decomposition of concrete by space heating is an "iffy" alterna- 
tive which could be valuable in heavily contaminated pit areas in existing 
installations. 
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