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General 

Ever since water-cooled electric furnaces have been used in 
smelting operations, structures must be fitted with pits that are 
capable of taking up the entire furnace contents in the event of a 

furnace break-out or an emergency tapping. For a long time, the 
emergency collecting pits were treated as the "much-neglected 
stepchild" of the foundry process. Serious accidents and the fact 

that the smelting operation became and continues to become 
increasingly automated prompted a rapid development of more or 
less useful emergency collecting pits over the past 20 years. 

Ideas and patent applications range from the "explosion-proof pit" 
(which is dimensioned sufficiently large and is solidly constructed 
to withstand a possible explosion) and "dry" emergency collecting 

pits (any accumulating water is diverted in front of the emergency 
collecting pit) through to the emergency collecting pit with 
drainage (water and liquid metal are separated at a point when it 

is still safe to do so). 
The primary cause of explosive reactions in smelting operations is 
the contact between liquid metal and water. Accordingly, the 

requirement for an emergency collecting pit to be "dry" was 
incorporated in the labour legislation at an early stage. What was 
lacking, however, was a description as to how a furnace pit was 

supposed to be kept "dry". What measures must implemented 
when the pit is "under water"? How to proceed when the pit is 
"only wet"? How can the foundations ï mainly in large plants ï be 

effectively protected against thermal damage, etc.. 
This paper addresses both the past and the present, describes 
the current state of the art and, in addition, provides valuable tips 

for the planning and assessment of emergency collecting pits.  

The physical explosion  

B. Lafrenz1) describes it as follows [1]: Physical explosions are 

very rapidly occurring events during which very high energies may 

be released. These events may be triggered when a hot melt 

(molten metal) comes into contact with a coolant (water). The 

material system capable of triggering an explosion is a roughly 

distributed mixture of hot melt particles and coolant. The process 

is triggered by a trigger pulse (e.g. a pressure surge) which 

results in a collapse of the vapour film that exists between the 

melt and the coolant and a fragmentation of the melt. The 

resulting rapid heat transfer leads to the spontaneous evaporation 

and the generation of a pressure wave, which in turn creates the 

conditions for maintaining the spontaneous evaporation. The 

schematic sequence is shown in Figure 1.  

As an important prerequisite for the formation of such an 

explosion, the temperature of the hot medium must be above the 

boiling point of the cold liquid. The more the temperature of the 

hot medium exceeds the boiling point of the cold medium, the 

greater the likelihood for a physical explosion to take place. 

Another prerequisite for a physical explosion (also referred to as 

steam explosion because of the spontaneous violent evaporation) 

is for the two media to form a rough mixture with each other [2].  

During this, the spontaneous evaporation that takes place is so 

fast that the resulting steam cannot escape fast enough, which 

results in an explosion-like release of pressure. A mathematical 

estimate [3,4] shows that the maximum of the pressure wave at 

the respective temperatures of the melt may be in the range of 

several 1000 bar.  

In 2003, an almost classic case of a physical explosion that 

occurred at a horizontal continuous casting line in Germany 

caused an accident involving serious injury and property damage.  

The structural explosion  

In contrast to the physical explosion, which takes place at the 

moment when metal and coolant make contact and which can 

occur in any design, the structural explosion is caused when 

steam cannot escape fast enough or is trapped within the system. 

Structural explosions are well-known and occur in emergency 

collecting pits especially in cases where unsuitable drainage 

materials (aerated concrete) are used in the bottom area and the 

evaporation surface is too small overall.  

In a study named "Steam expansion behaviour of emergency 

collecting pits" [5] conducted by the Institute of Risk Research at 

the University of Vienna, the relationship between the heat input 

surface and the necessary evaporation surface (the surface that 

must always be available even when the pit is filled) was 

identified and proved. As a general rule, 1 m3 steam is produced 

per second for a heat input of Q = 1328 W/m2 (molten iron).  

Figure 1: Schematic diagram of a physical explosion  

The corresponding formula is as follows:  

10
WA

VA =  

Av é open evaporation surface (if the steam must escape 

through the drainage material, the open porosity is relevant and 
must be considered in the calculation)  

Aw é Heat input surface (floor and/or wall surfaces with direct 
metal ï drainage material contact) 
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This relationship has also been incorporated in VDG Data Sheet 

80 [6] and, if observed, will prevent a structural explosion.  

If the open evaporation surface is too small or closed, very high 

pressure loads (> 40 bar) will very quickly generate in the 

emergency collecting pit. In such case, it can be expected that the 

pressure will be relieved via pit structures, which reach their 

failure limits at 40-50 bar [5].  

The beginning: Furnace pits with and without 

structural drainage systems 

Spaces were provided either underneath the furnaces or in front 

of these, designed to take up the liquid metal; these spaces were 

called "cellars". The design of these types of pits was neither 

fireproof nor subdivided into individual chambers. Despite the 

simplicity of this design, there were almost never any serious 

physical explosions due to a furnace break-out ï even in cases 

with water leakage. Pits without chambers, which are often highly 

soiled by foundry sand and dust, provided large areas for the 

water or steam and sufficient time to escape without generating 

any critical pressure build-up. However, a great amount of time 

and effort was required for the subsequent removal of the 

solidified compact metal block. In addition, there were incidents 

where foundations were thermally and physically destroyed 

requiring repair that caused additional costs.  

Figure 2: Fireclay pit  

Figure 3: Sand pit  

With smelting and holding furnace aggregates becoming 

increasingly larger, pits had to be divided into collecting chambers 

and provided with fireproof foundations. In most cases, firebricks 

or refractory concretes were used (and are still being used in 

some cases). The "fireclay pit" was created (Figure 2).  

Figure 4: Ingot mould pit 

Another method that, against all reason, is unfortunately still 

being used (especially in America) are upturned barrels (bottom 

up), where the spaces between the barrels are pitched with sand. 

Apart from condensation water accumulating in the barrels that 

are sealed at the top, the used sand between the barrels acts like 

a sponge. Should it be dry ï which will normally not be the case ï

, the coal dust contained in the used sand represents a major 

dust explosion potential. In addition, it is not possible to perform a 

visual inspection of the collecting chambers. This type of pit and 

its variants are referred to as "sand pits" (Figure 3). Pits where 

ingot moulds are used instead of the brick chambers, which stand 

either on top of a fireclay or on gravel, are called "ingot mould 

pits" (Figure 4).  

Figure 5: Channel pit 
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A channel mounted at the end of the furnace line (inclined inflow 

section under the furnace vessel) is designed to divert any 

accumulating water in front of the actual collecting pit. Hence, the 

pit is supposed to remain dry in accordance with the regulations. 

This variant is known as "channel pit" (Figure 5).  

All of the aforementioned designs have two things in common: 

they cover only a small part of possible cases in the event of a 

furnace break-out and they require continuous maintenance. 

Considering that they are intended as a safety device, they must 

be classified to be insufficient.  

In 1986, a furnace break-out at a German foundry caused a 

violent explosion (Figure 6). For the first time, the authorities 

realised that the requirement "the pit must be dry" on its own was 

not sufficient, and, above all, did not help anyone after an 

accident. After that incident, the approval of this type of plants 

was put into question in general.  

Figure 6: Physical explosion in a German foundry 

The idea: Furnace pits fitted with drainage materials  

In 1986, the collection of small amounts of cooling water in 

gravel-filled catch basins (Figure 7) was not a new concept. 

Especially in steelworks, it was well known that flowing molten 

steel solidifies quickly and relatively risk-free on these; but only as 

Figure 7: Furnace pit with gravel as loose drainage  

long as the ratio of water / melt / evaporation surface and, above 

all, the heat balance was right. Such type of emergency collecting 

pits need a lot of space, which is normally not available in modern 

foundries today. As a result, the molten iron would penetrate the 

relatively small amount of stone (gravel would be too fine!) 

quickly, causing an explosive reaction in the spillway or pump 

sump.  

 
Figure 8: VDG pit with granulated cupola slag  

 

We certainly owe it to a small group of experienced and, if one 

considers the risk associated with the countless attempts, also 

courageous foundry experts within the VDG working group 

"Operational safety of induction furnaces" under the direction of 

R. Rietzscher2) and A. Rudolph3) that a simple yet effective 

drainage material was found. Experiments conducted at Georg 

Fischer Mettmann demonstrated that wet granulated and sieved 

cupola slag had the ability to both drain the water and to melt 

rapidly upon contact with liquid iron melt. Subsequently, an 

emergency collecting pit was designed, presented to the large 

VDG working group on 12 January 1988 and was published as a 

proposed design in the journal Giesserei 75 (1988) No. 22 

(Figure 8). The publication states, inter alia:  

Water must flow through the drainage downward and out of the 

furnace pit, iron must solidify on the drainage material. Any water 
flowing on the iron water can evaporate upward without 
obstruction [7]. And: Even large amounts of water will flow 

downward rapidly, whereas the iron that flows on the slag will be 
retained as a result of the immediate sintering of the upper layer 
of slag (2 cm) [7].  

At the time, E. Siegmund4) could already look back on more than 

20 years' experience as an original equipment manufacturer for 

Austrian induction and channel furnaces fitted with emergency 

collecting pits. The plants were manufactured on site from 

refractory concrete: so-called "pig iron basins". The finished pit 

was dried as well as possible and was baked. After that, the 

paramount motto was: "The pit must always be dry!" As this was 

not possible to achieve in practice even in those days, small 

explosions were a frequent occurrence. The endeavour to drain 

any accumulating water failed due to the unavailability of a 

suitable drainage material making separation of water and melt 

impossible. The idea of the VDG working group to use wet 
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granulated cupola slag as drainage material appeared to be the 

solution. In place of perforated graphite plates and brick 

partitions, so-called TANK BLOCKS with a capacity of 1500 kg of 

molten iron were manufactured [8]. Holes filled with granulated 

cupola slag were provided in the bottom area. However, the 

design proposed by the VDG and the tank block solution of 

SILMETA shared one major disadvantage. In both cases, the 

drainage will recompress as a result of vibration and siltation 

within a few months. Thereafter, the water will only trickle away at 

best, but will not drain. 

The furnace break-out in a large German foundry that resulted in 

an incident without damage reveals the full extent of the 

theoretical considerations. At the time when the last chamber 

(amounting to approximately 90 t in total) was filled with liquid 

iron, the water contained in the bottom drainage (cupola slag 

covered with perforated graphite plates) had not completely 

evaporated. Due to the ongoing heat input, steam continued to 

form, which due to the, according to the formula, too small 

evaporation surfaces could only escape through the drain of the 

furnace pit into the pump sump. As a result, steam pressure built 

up that ultimately (and fortunately) was relieved via the pump 

sump, which was located 12 m away. During this, a manhole 

cover was catapulted several metres through the hall.  

Why, and in particular under which conditions such systems will 

still function, has been explained in a study named "Steam 

expansion behaviour of emergency collecting pits" [5] conducted 

by the Institute of Risk Research. The study ï which had been 

commissioned by SILMETA ï proves this process not only 

mathematically, but, based on the aforementioned formula for 

determining the open evaporation surface Av, permits the 

dimensioning of emergency collecting pits that ensure drainage 

and evaporation exclusively via the bottom structure (VDG 

proposed design [7] and VDG Data Sheet [6]).  

The employee safety-concerned company did not want to leave 

anything to chance and installed three opposing steam expansion 

chambers in another channel furnace in an emergency collecting 

pit of identical design. Expansion chambers are collecting 

chambers arranged within the emergency collecting pit in which 

both the floor and the walls are designed to be fully permeable to 

water and water vapour. According to the VDG data sheet, 

modified ceramic foam (solid drainage material) is used as 

construction material. By accident, this pit was also "flooded" in 

the course of time. Even though the incident involved large 

amounts of water, the entire "filling process" with 90 t of molten 

iron occurred completely calmly.  

The innovation: Solid drainage material for 
emergency collecting pits 

A solid drainage material is needed in order to increase the open 

evaporation surfaces ï as in the case of the steam expansion 
chambers ï and to drain accumulating water not only in the 
bottom area, but also within the separation and surrounding walls. 

The material must have the following characteristics:  

¶ High open pore volume in order to drain water and steam as 

quickly as possible  

¶ Adequate refractoriness 

¶ Adequate strength to absorb both the static and the dynamic 
forces during emergency tipping  

¶ High mechanical strength in general  

¶ Shock temperature resistance  

¶ Low reaction to liquid metal, whether the drainage material is 
dry or already moistened 

¶ Rapid melting and sintering of the surface upon contact with the 
liquid melt  

Today, the modified ceramic foam suited for use in emergency 
collecting pits is known under the trade name Thermofilter KS 91 

Figure 9: Emergency collecting pit with ceramic foam (Silmeta) 

 (for iron alloys) and was designed and also tested in 

collaboration with the Seibersdorf Research Center in 1990/91. 

The material is almost unchanged to this day and is always 

adapted to the melt to be taken up. Since then, it has become 

possible to build emergency collecting pits that ensure drainage 

not only in the bottom area, but also via the walls of the 

chambers. As a result, the risk of a physical explosion is virtually 

zero, or at least significantly minimised. The possibility of a 

structural explosion can be excluded as a large evaporation 

surface is provided. The necessary open evaporation surface is 

ensured by steam expansion zones (above the collecting 

chambers), even when the pit is filled to capacity.  

Large plants with pit contents exceeding 20 t of molten iron place 

additional demands on the thermal protection of the foundations. 

This prompted the development of the "pit in the pit" (Figure 9). 

The design is based on calculations performed by G. H. Weimann 

[9] who evaluated the emergency collecting pits in respect of their 

thermal behaviour during the filling and solidification process in a 

simulation experiment in 1994. The simulation has shown that the 

load-bearing structures and reinforcements in the 2-shelled 

structure used at SILMETA are not compromised in any way. And 

this not even if no additional cooling measures are implemented 

(for example, due to the significant steam development and the 

unavailability of compressed air). Collection systems lined with 

firebricks, on the other hand, have shown to be only a 

conditionally suitable solution in terms of heat dissipation and 

heat retention ability. The reinforcement of the pit foundations ï  

Figure 10: Temperature curve with and without rear ventilation 
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for a 25 cm thick brick lining ï is heated to 

over 550°C. Thus, the foundations are 

virtually no longer suitable as load-bearing 

structures. The temperature curve (Figure 

10) of both wall structures was demonstrated 

by E. Siegmund [10].  

The guideline: The VDG data 
sheet S 80  

Approximately 10 years after the publication 

of aforementioned proposed design, the 

VDG, and especially E. Hofmann5), who had 

a major influence on the proposed design as 

early as 1988, realised that a data sheet had 

to be created. The individual points were 

intended to explain the most important 

features of the emergency collecting pit to 

"do-it-yourself constructors", on the one 

hand, and to challenge the industry to 

produce new solutions, on the other hand ï 

always subject to the condition that the 

equipment must conform to the VDG data 

sheet. This data sheet not only defines the 

detailed requirements for emergency collecting pits, but also 

specifies the essential building materials in the form of a table of 

materials suited for the fabrication of the emergency collecting pit.  

In addition, section 2.1.1. includes the requirement that this type 

of safety devices must be installed "exclusively by qualified 

companies". This requirement is primarily intended to prevent a 

situation where customers are "abused" for experiments, as 

described in the following chapter. Similarly, the table (Figure 11) 

exclusively lists the classified materials that have so far been 

tested and considered to be suitable (or unsuitable). The data 

sheet S 80 went through the usual review and approval phase 

and was published in January 2001 under the name "Design of 

emergency collecting pits".  

The explosion penetration: Danger for solid 
drainage material  

In February 2001, a violent explosion with serious property 

damage occurred during a sales presentation in a German 

foundry. As, before the test, the foundry management had been 

assured that, naturally, everything had been designed "according 

to VDG", confusion followed and the company demanded swift 

clarification. The fact was: The pan body that was made of solid 

drainage material had been immersed in water and had then 

come into contact with liquid iron. The explosion happened at the 

moment of impact of the pouring stream. Consequently, it had to 

be a physical explosion as defined by Lafrenz [1]. The VDG data 

sheet exclusively makes provision for ceramic foam as solid 

drainage material. Why then did the explosion happen? To 

answer this question, a ï ultimately very complex ï investigation 

was commissioned with several institutes. Original samples were 

supplied to the DIFK [11] and the Freiberg Technical University 

[12] and were tested by X-ray diffraction analysis, SEM analysis, 

among others. It turned out that the building material in question 

was cement-bound (no refractory cement) and the entire grain 

structure consisted of densely baked fireclay; the fire resistance 

was in excess of 1,600 °C! In addition, it was striking that 

significant amounts of very fine-pored grains were included, such 

as zeolite, for example. The latter has a very high water storage 

capacity, which probably also contributed to the explosion.  

From that moment, it was clear that the examined solid drainage 

material was not a ceramic foam in accordance with the VDG 

material table. Hence, the assurance that the design was 

"according to VDG" had been incorrect. 

The Institute of Risk Research and the Technical University of 

Vienna [14] were instructed to obtain further clarification. Tests 

and calculations performed on the original sample of the 

"explosion material" (Figure 12) and on the ceramic foam in 

accordance with the VDG data sheet first and foremost revealed 

a significant difference in the penetration depth under the impact 

of liquid iron. Based on this, several casting trials were carried out 

using both 

materials, and it 

is acknowledged 

with thanks that 

the majority of 

the tests were 

conducted at 

Georg Fischer 

Herzogenburg 

[13].  

The phenomenon 

of the explosion 

as a result of 

penetration has 

been known in 

foundry 

operations for a 

long time and has been described in detail by S. Hasse6) [15]. 

Figure 13 shows the triggering moment of the physical explosion 

in the form of a diagram. 

In Gießerei-Praxis 3/2003, the 1st part of the technical report 

"Usage and suitability testing of porous construction materials as 

Figure 11: Building materials table from the VDG Data Sheet S 80 

 

Figure 12: Porous construction material (M = 1:1) ï Liquid iron 

penetrates 30 mm deep! 

 

Figure 13: Generation of explosion penetration in 

porous construction materials. 



 Page 6 

5)  Dr.-Ing. Eckart Hofmann, Institut für Gießereitechnik GmbH, Düsseldorf.  

6)  Dipl.-Ing. Dr. mont. Stephan Hasse, Managing Director of Foundry Technologies & 

Engineering GmbH, CH-8200 Schaffhausen. 

 

drainage material in emergency collecting pits" [16] not only 

draws a parallel to the explosion penetration in porous 

construction materials, but it also explains the penetration of liquid 

metal in porous construction materials physically and provides 

mathematical proof. In fact, it is not that relevant how deep (2 or 

20 mm) liquid metal penetrates because the penetration depth is 

mainly determined by the situation and the temperature. Instead, 

the following is important: the pores must close immediately 

when exposed to liquid metal, in which regard the melting of the 

surface of the drainage material is to be considered the safest 

method to prevent a physical explosion. Since 2003, a test 

method for evaluating drainage materials has been available 

(Figure 14). This test is described in detail in Gießerei-Praxis 

4/2003 [17] and can be carried out both in the emergency 

collecting pit itself and by means of a test specimen. The ceramic 

foam for emergency collecting pits listed in the VDG Data Sheet 

was examined by the Austrian Foundry Institute and found to be 

suitable [23]. In this context, E. Hofmann writes [18]: "A suitable 

drainage material allows water to flow through without obstruction. 

Upon impact with the melt, the pores close immediately. Any 

contact with wet material is thus prevented. This is the only way to 

exclude explosions."  

The state of the art  

Technological methods the functionality of which has been tested 

and/or demonstrated are deemed the state of the art [19, 20]. 

According to the EC Treaty [21], better known as the Maastricht 

Treaty, every employer is required to take the necessary safety 

measures to ensure the safety of its employees. This is to be 

done, among others, in consideration of the state of the art, which 

in this case is defined by the VDG Data Sheet 80 S [22], which 

specifies exclusively granulated cupola slag (loose) and foam 

ceramic (solid) as drainage material. Both materials were 

subjected to suitability tests and have the ability to melt and to 

sinter in the contact zone with liquid iron [7, 23]. In connection 

with the structural design, for instance the available open 

evaporation surface, and appropriate maintenance, no explosions 

are to be expected in plants that comply with VDG Data Sheet S 

80 "Design of emergency collecting pits" in the event of an 

incident.  
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