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This paper describes measuring of time behaviour specified for local stress increments on the blast furnace shell
that were performed using strain gauge sensors. These results are compared with values obtained by means of the
second specific measuring method. There is also presented in this paper a commentary and discussion concerning
the measured time behaviour obtained from the both measuring methods. This article presents results from an-
other of experimental analysis series concerning the blast furnace shell in one concrete metallurgical plant.
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INTRODUCTION

The blast furnace is always a specific technical and
technological phenomenon, which represents a wide in-
terdisciplinary research area covering various branches
of engineering and technology. Taking into consider-
ation our solution of the given research task, which was
focused on a concrete blast furnace situated in a metal-
lurgical plant, there were already published relevant
publications, e.g. describing a control of blast furnace
iron-making process [1], numerical simulation of blast
furnace [2] as well as simulation of blast furnace ther-
mal processes [3-5].

This article describes a long term measuring of
stress increments in the selected points on the shell of
the blast furnace BF2 hearth. The measuring was per-
formed during three operational regimes of the blast
furnace, namely during starting, rising of operation and
full operation. This measuring is a supplement to the
previous analyses, which were realised on the shells of
the blast furnaces BF1 and BF3 [6] in a metallurgical
factory, whereas this measuring is already the third in
the performed measuring sequence. There are some dif-
ferences among these blast furnaces in their construc-
tion, e.g. they have different cooling systems, diameters
of the blast furnace hearth, tuyere armatures etc.

The diameter of the blast furnace BF2 is 14 362 mm,
the BF3 blast furnace diameter is 11 996 mm and in the
case of the BF1 the diameter value is 12 943 mm.

The shell of the blast furnace BF2 is a welded shell
construction made from the normalized steel S355J2G3
with the next values of mechanical characteristics: the
yield point 363 MPa, the tensile strength 471 + 608 MPa,
the ductility 22 %, and the notch toughness 49 Jcm2 [7].
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According to the torque-less theory of the rotating
shells [7] there were measured increments of relative
deformations in the selected points of the shell, together
with related stresses in the circumferential directions.

A suitable method for this kind of measuring task is
application of a ,half-bridge* interconnection of the
stress gauges together with a thermal compensation.
The thermal compensation was realized by means of
another unidirectional strain gauge sensor placed in a
vertical direction.

The arrangement of sensors in 13 measuring points
in the area of the BF2 blast furnace hearth is illustrated
in the Figure 1.

There were applied during the whole measuring pro-
cess the strain gauges 1-LY11-6/120 made by the com-
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Figure 1 Disposition of sensors on the circumference of the
blast furnace shell
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Figure 2 Measuring standpoint

pany HBM. The gluing operation was performed using
the two-part glue X60, which is specified for the strain
gauge application and following process of the glue
hardening requires normal temperatures. The strain
gauges installed on the blast furnace shell were insulat-
ed against the external influences by means of a silicon
sealant and the compensational strain gauges were insu-
lated using the silicon rubber SG250. The applied mea-
suring device consists of the modular measuring ampli-
fiers equipped with the A/D converters SPIDER 8. The
software CATMAN, which is a product of the company
HBM, was used for the measured data collection, data
processing and their final evaluation. The working
standpoint arranged for measuring and evaluation of the
obtained data is illustrated in the Figure 2.

MEASURING OF THE TEMPERATURE

The temperature values were measured during 43
days by means of the electronic equipment
G — RECO TEA produced by the company ELSO Phil-
ips Service, Ltd. and using the temperature sensors
PT 1000. The Figure 1 illustrates the real placement of
the temperature sensors, which are described T, = T,.
The time behaviour of the average temperature value is
presented in the Figure 3. This time behaviour was cal-
culated according to the data obtained from the above-
mentioned four temperature sensors (stochastic behav-
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Figure 3 Calculated average temperature on the shell of the
blast furnace hearth BF2

iour) using a correlation analysis, which corresponds to
a calculated polynomial of the 3" order.

MEASURING USING
STRAIN GAUGE SENSORS

The measuring sequence of the stress increments in
the 13 sensor application points (according to the Fig-
ure 1) was performed during 43 days. The measuring
process started on the 21% of August 2013 at 09:15 PM
and it was finished on the 3“of October 2013 at 4:00 PM
There were applied together 13 active sensors and
13 thermal compensational sensors for measuring of the
circumferential stress increments. The Figure 4 isatime
behaviour of the recalculated circumferential stress in-
crements in the measuring points 2 + 14 (see Figure 1),
which involves the whole measuring time period.

MECHANICAL MEASURING

On the level 500 mm below the applied strain gauge
sensors there was wrapped a steel band (strap, tape)
around the shell of the hearth according to the Figure 1.
This band was fixed by means of an extension spring
and tensioning screw. The free end of the band was con-
nected to a shifting traveller of the potentiometric sen-
sor, whereas the fixed part of this sensor was anchored
to the blast furnace shell (Figure 5).

The resulting time behaviour of the band extension
during the whole measuring period is presented in the
Figure 6.
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Figure 4 Time recording of the circumferential stress increments
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Figure 5 View on the measuring sensor of band extension
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Figure 6 Time behaviour of the band extension measuring

COMPARISON OF THE RESULTS

The Figure 7 illustrates time behaviour of the aver-
age value of the circumferential stress increments ob-
tained from the strain gauge sensors. This time behav-
iour is developed according to the values obtained from
the diagram in the Figure 4.

It is visible from the graph in the Figure 7 that the
maximum value of the circumferential stress incre-
ments is approximately 130 MPa. The Figure 8 repre-
sents time behaviour of the recalculated circumferential
stress, which corresponds to the measured extension of
the wrapped band (according to the Figure 6) taking
into consideration the temperature time behaviour from
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Figure 7 Time behaviour of average value of the
circumferential stress increments
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Figure 8 Time behaviour of the circumferential stress value of
the hearth shell calculated from the measured band
extension

the Figure 3. The maximum stress value, which is re-
sulting from this graph, is approximately 125 MPa.
The final comparison between the time behaviour of
the stress increments obtained from the strain gauge
sensors (average values, Figure 7) and the calculated
time behaviour of the band extension (Figure 8) pres-
ents only an insignificant difference between the both
maximum stress values, namely approximately 5 MPa.

CONCLUSION

This article is a continuing of the previous articles
written by the authors [6]. There are defined in the Ta-
ble 1 the critical values of the circumferential stress in-
crement, radial displacement and circumferential exten-
sion of the blast furnace with the diameter approximate-
ly 14 000 mm, according to the [8].

Table 1 The defined critical levels

Circumferential Stress Increase <165 |165-220
/ MPa
Extenspn in Flrcumferentlal <40 20-55
Direction/ mm
Radial Displacement/ mm <@ 6-9

- no action is required
- watch very closely, also watch rate of increase
. - reduce blast volume and blast pressure

In our case the diameter value of the blast furnace
BF2 is also approximately 14 000 mm. The measured
circumferential stress increase is less than 160 MPa and
the extension in circumferential direction is approxi-
mately 20 mm. It is possible to state finally, taking into
consideration the measured data and after comparison
of them with the Table 1 that the measured values do not
require any action, i.e. they belong to the 1%t column in
the Table 1, according to the conditions defined in the

[8].
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