
 
 

The Case of the Exploding Concrete 
By Roger R. Machut, P.E. 

 
Alex was just completing his 2 a.m. security check.  Everyone though he had drawn the short 

straw, pulling third shift, but he actually enjoyed the relative quietness during the night.  The work at the 
plant had to continue around the clock but it was definitely slower during the graveyard shift.  He was 
more than a glorified security guard, although checking the building, including the newly built addition, 
was part of his job.  Alex was paying his dues for now, organizing raw materials for the next day, 
stacking product cooled down from earlier in the day, inventorying supplies, and yes, checking the 
building every couple of hours.  He was deep in thought while he walked along the second-floor catwalk 
that overlooked the new furnaces and hydraulic hammers contained in the new addition.  Entering his 
sixth month on the job, he felt fortunate working for this company – a near institution in the heart of the 
city, having been in business for over 90 years.  Alex was confident in his future, as long as he paid his 
dues and learned the ropes.  Still consumed in his thoughts, he entered the older part of the building as 
the door separating the two sections closed behind him. 

BA-BOOM! 

An explosion rocked the building from the other side of the door, from where he had just left.  
Alex, in a mix of shock and fright, reacted without thought as he turned and re-entered the recently built 
addition.  A gray haze shaded the overhead lighting, but the fire alarms were not sounding, nor had the 
sprinklers opened up.  A quick visual inspection confirmed no flames were present.  With a diminishing 
innate sense of threat, Alex continued his assessment when he noted the dents and holes in the interior 
insulation, and through the exterior aluminum siding.  Several of the glass panes in the overhead 
skylights were cracked or broken.  Turning his attention to the floor below, his confusion continued.  The 
light gray, concrete floor, distinctly different in color and newer looking than the floor in the original 
building that had been stained from a near century of industrial work, was no longer completely smooth.  
Large portions of the floor were broken and several pot holes – miniature craters – now disrupted the 
finished surface he had walked across every night during the last six months.  Most confounding to his 
inspection from above was furnace number 2 – the newest piece of state-of-the-art equipment that was 
to change the future of his employer – was now off its foundation and askew.  In the post-9/11 world, 
Alex was wondering if he was looking at the results of terrorist attack – but an attack on a near-empty, 
industrial small business in the middle of the night just did not make any sense.  Nevertheless, something 
had exploded. 

To help visualize this case, the reader should picture a forge, similar to what is seen on the 
popular TV show “Forged in Fire” where contestants are heating various metals to high temperatures 
and then shaping them with hammers and presses.  It is the same concept as seen on TV except on an 
industrial level, with the furnaces and equipment several magnitudes larger.  When I arrived on the site 
several days after the incident, the only absolute known fact was that something occurred that should 
not have occurred.  As with many failures, there was plenty of finger-pointing going on, with owners, 
manufacturers, and contractors all trying to minimize their exposure, with the attorneys and insurance 
companies supporting the interests of their clients.  It was obvious that an explosion had occurred, and 
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as frightening as the damage appeared, no foul play was suspected.  Since the new furnace was gas-
fired, the immediate assumption was that the explosion was due to a gas leak.  However, a quick 
inspection showed that none of the gas piping had burst, all of the joints were intact, and that none of 
the burners were significant damaged.  Thankfully, the automatic shutoff on the gas line worked exactly 
as designed, and there was no immediate concern of uncontrolled flow of natural gas.  While the gas 
leak theory was discounted, what happened was still a mystery. 

In an early phase of my career, I have used explosives of all types for demolition of a structures 
and obstacles, and studied the science behind these tools and devices.  Explosions are typically classified 
as being either mechanical, chemical or nuclear.  The common elements of an explosion are that the 
force initially emanates radially from the source, and that the force follows the path of least resistance.  
For example, when a block of TNT is detonated while laying on a hard surface, more of the explosive 
force will go up into the air rather than into the hard surface below.  Tamping the explosive, in this 
example, by placing a steel plate over the TNT, will cause more of the explosive force to be reflected 
down into the surface.   

What I immediately noticed while inspecting the furnace was that the explosive force wasn’t 
downward into the concrete but instead, radiated UP from the concrete, from beneath the furnace.  It 
wasn’t the furnace that had exploded – it was something in the concrete!   

Concrete 101 

A physical property of concrete is that it is stronger in compression than it is in tension.  
Concrete is terrific when it comes to heavy weights placed on top of it but when it doesn’t take much to 
pull it apart.  Generally, concrete is 10 times stronger in compression than in tension.  The use of 
reinforcing steel – steel bars placed in at the areas within the concrete anticipated to be in flexure 
tension – compensate for this inherit lack of tension strength.  In a similar manner, steel wire mesh is 
used to control cracking in slabs due to temperature contraction and expansion.  A concrete slab, when 
heated, will expand like most materials.  This expansion causes tension within the concrete, resulting in 
cracking.  Concrete slab designs directly aim at minimizing cracks, or control their locations, by varying 
the slab thickness, adjusting the mixture formula and allowing for expansion and contraction with joints.   

Concrete – basically the combination of cement, sand and aggregates, and water – has been 
used since the time of the Pyramids.  Modern concrete mixes have been developing since around 1830.  
Admixtures – additives to the concrete mix – are often used to enhance the basic properties.  Various 
admixtures can enhance the flowability of the wet concrete, or reduce the amount of water added, or 
reduce corrosion of the reinforcing steel, or strengthen the concrete internally to reduce cracking.   

Concrete slabs – floors and roads – deteriorate over time and with use.  When exposed to wet 
conditions, changing temperatures, or chemicals, the rate of deterioration can be increased.  Corrosion 
of the reinforcing steel, typically caused by several factors, can cause deterioration of the concrete 
structure from the inside.  In roadway applications, surface cracks caused by temperature expansion and 
contraction, can allow water to seep into the slab.  Should this water freeze and expand, often occurring 
in northern climates, the force applied by the ice causes deterioration of the concrete from within. 

When a concrete column is overstressed with too much weight placed on it, a sudden failure 
might occur, possibly resulting in pieces of concrete being expelled outwardly in a forcible manner.  
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While this example might be considered a mechanical explosion – one that is caused by excessive 
pressure – that was not the case under the furnace.  The floor slab under the furnace was sufficient in 
thickness to support the weight of the furnace.  

There are documented cases of concrete roadway slabs suddenly buckling under the summer 
heat.  News reports will tell the tale of a road on a hot day in July, dramatically and without warning, rise 
up and cause vehicle accidents.  These cases are not due to a mechanical explosion of the concrete or 
even a failure of the concrete material itself.  Rather, these incidences are typically caused by a failure in 
the allowance for temperature expansion under the environmental conditions.  Often the roadway slabs 
remain intact and it is at ends of two adjoining slabs, forced against each other, where the buckling 
occurs.  In the case at the forge, the concrete floor slab was not buckled but were damaged from within 
the middle of the slab, under the furnace.  

Investigative Findings 

The primary rule in forensic investigations is to never commit to a conclusion until all evidence is 
reviewed.  Independent of your client’s interests, the scientific analysis of all the facets of the incident 
must be reviewed before determining a conclusion.   

On-site examination of the damaged slab and subsequent concrete cores determined that the 
slab was constructed substantially per the design.  The design called for the concrete floor slab to be 9-
1/4” in depth, poured on a 4” aggregate base, with temperature steel mesh placed in the upper half of 
the slab.  Expansion joints and crack control joints were placed per the design, and in accordance with 
recommended standards.  In review of the design, based on the anticipated load on the concrete, the 
depth of the slab was sufficient.   

The concrete design mix called for air-entrainment admixture.  The purpose of this admixture is 
to cause small uniform bubbles to develop within the concrete as it sets and cures.  The examination of 
the concrete cores determined that air-entrainment admixtures were not added, but this was viewed as 
a beneficial omission.  Air-entrainment is primarily used in exterior applications to minimize the effects 
of freeze-thaw cycles, although its use decreases the strength of the concrete by 5%.  The concrete 
specification used by the engineer was a “boiler plate” document which included this admixture as a 
matter of routine.  The lack of the admixture was not viewed as a contributing element to the incident. 

In reviewing the construction records, the concrete floor slab was not exceptionally new, albeit 
much newer compared to the age of the company and its original facility.  The addition to the facility, 
where the incident had occurred, had been completed and under roof for over two years by this time.  
Typical cure times for concrete are the order of 28 days to approach 100% compressive strength.  
Subsequent testing of the concrete cores revealed a compressive strength in excess of 4200 psi, 
exceeding the design standard.   

As the damage to the concrete floor was centered under the furnace, the examination turned to 
the furnace itself.  As a result of the explosion, the furnace was lifted up off of the concrete floor, askew 
from its original placement, and now supported such that the underside was visible.  At the time of the 
incident, the furnace was going through a routine break-in/test period of heating cycles with graduated 
increases in temperature.  This cycling of furnace temperatures was being done to test the electronic 
controls and safety indicators, as well as a procedure necessary for the proper functioning of the 
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ceramic shielding tiles inside the furnace.  Below the flame box, sealing off heat loss during operation, 
were metal skirts, which would have extended down to the floor.  It was noted by one of the technicians 
that the lower ceramic shields were not yet installed in the furnace.  Records indicated that the internal 
temperature of the furnace at the time of the incident was over 2,250o F. 

Conclusion 

As a civil engineer, my findings indicated that the concrete floor slab was built in excess of the 
approved construction design and standards.  While the building contractor was relieved to learn of my 
opinion, my client represented the owner of the company.  The need to know what happened and why 
it happened was still needed before other new furnaces were tested.  While no one was injured in this 
explosion, it was clear that it had been more luck than anything else that avoid a human catastrophe   

The concept of concrete suddenly “exploding” remained unimaginable to me.  Continuing to 
research the cause, I found two papers [Md Jihad Miah, Pierre Pimienta, Hélène Carré, Nicolas Pinoteau, 
Christian La Borderie. Effect of cement type on pore pressure, temperature, and mass loss of concrete 
heated up to 800 °C. Rencontres Universitaires de Génie Civil, May 2015, Bayonne, France. ffhal-
01167571f ] and  [High-Strength Concrete at High Temperature − An Overview Long T. Phan, National 
Institute for Standards and Technology, date unknown] that discussed the effects of elevated 
temperatures on the performance of high-strength concrete.  Phan noted in his experiments that 
“explosive spalling” occurred when his concrete core sample was heated to 240oC (464o F) from a 
sudden increase in pore pressure within the sample.  The findings of Miah, et. al., supported this 
observation as well. 

While concrete seems to be solid, small voids on the order 75 µm (75 x 10 -6 meters) naturally 
develop within the mass. These pores are magnitudes smaller than the previously described air-
entrainment bubbles. The size of these pores impacts the permeability of the concrete – the ability for 
fluids to enter and flow through the material.    As heat is applied to concrete, the temperature varies 
through the depth of the concrete.  The expansion of the fluids within the pores with the application of 
higher temperatures increases the pressure within each pore.  As the pores are largely uniformly 
distributed throughout the concrete, pressure is uniformly developed across the concrete mass as the 
temperature increases at the depth of the pore level. 

Consequently, the conclusion was reached that, in fact, the concrete slab did explode with 
sufficient force to lift the furnace off of its foundation and spew concrete fragments throughout the 
building.  The failure was not in the concrete, as previously stated, but within the furnace.  The lower 
ceramic shields, whose purpose was to reflect the heat back into the furnace, were not installed.  A 
further contributing factor were the metal skirts surrounding the bottom of the furnace while in 
operation maintained, if not concentrated, the heat from the burners onto the concrete.  The actual 
temperature on the surface of the concrete at the time of the incident was nearly 500% higher than 
what caused “explosive spalling” in Phan’s experiment.    

Certainly, the incident at the forge was not the first time ever concrete was exposed to high 
temperatures.  However, in typical construction, the conditions developed in this case were not routine.  
In forensic investigations, it is the search for the abnormalities in materials, implementation, operation, 
or application that leads to the complete understanding of what went wrong, even when it may counter 
any previous beliefs. 


