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Abstract: The experimental studies and research we have carried out aimed at obtaining information on the 
geometrical imperfections, meat to make up the database of the physical model and estimating the safety degree of a 
resistance structure specific for a 30-year old workshop with traveling cranes.  
The paper establishes the criteria of elaboration and gives a “Program of experimental investigation on the geometry 
of the ensemble of rolling track beams”, taking as a basis the analysis of the particular structural characteristics of a 
workshop for hot processes. 
Then in the final part of the paper, we gave the preliminary operations implied by the experimental program, meant to 
lead to significant results in the measuring and estimation of the behavior under charge, during operation. 
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1. INTRODUCTION - PROBLEMS 

APPROACHED 
 
The determination, with a certain degree of certitude of 
the safety resistance structures can be done both at the 
designing stage and later on, after a certain period of 
operation of the building under charge. In the after 
situation, the influence on the imperfections and flaws of 
construction, mounting and operation upon the response 
of the structure to strain implies a physical model, as 
close to the real structure as possible. 
In this case, the studies and experiments carried out along 
a wider program, [1], aimed both at estimating the real 
geometry of the resistance structure elements after a 
certain period of operation under charge and the study and 
estimation of the physical and mechanical characteristics 
of the metallic material which the resistance structures are 
made of. 
These two papers approach the following aspects: 
In the former, we firstly pointed out the geometrical and 
structural characteristics of a metallic workshop in witch 
hot processes are carried out, according to the specific 
technological processes and to the characteristic operation 
conditions under charge.  Then, taking these into account, 
we determined the criteria of elaboration and created the 
“Program of Experimental research”, given in the final 
part of the paper. 
In the later paper, we introduced the experimental 
investigation proper, carried out upon the beam ensemble 
of rolling tracks in the workshop under consideration, the 
results being interpreted as to the influence of the specific 
operation conditions in Siderurgy upon the safety of these 
resistance structures. 

2. THE STRUCTURE OF THE WORKSHOP 
UNDER CONSIDERATION 

 
For the siderurgical workshop in witch the industrial 
process require high-capacity traveling cranes having to 
stand heavy duty, this equipment, as well as the transport 
one represent the most significant elements according to 
which the shape and dimensions are to be established, 
both in the plane and in the elevation. 
In the case of workshop belonging to the ingot and bloom 
heating-up departments, such as the Pit Furnace 
Workshop, (P.F.W.) under consideration, the 
technological process requires traveling cranes with rigid 
suspension (Tiegler type) for lifting and transporting the 
materials. In this workshop there are three such traveling 
cranes in operation. Two of them are of the 50/320 kN-
30m type and one of the 100/400 kN-30m type; there is 
also a traveling crane of general purpose with a capacity 
of 50 kN-12m. At floor level, perpendicular to the front of 
the pit furnaces, there is a rolling machine for the 
movement of the furnace roofs, as well as three self-
propelled transfer cars carrying the hot ingots from the pit 
furnaces to the rolling train. 
The dimensions and the functioning of this technological 
equipment, correlated with the factors imposed by the 
heat evolution taking place once the furnace roofs have 
been lifted and translated, determined the elevation mark 
for the rolling tracks (placed at 13500 mm in the pit 
furnace workshop and at 13448 mm in the recovery 
workshop) as well as the dimensioning of the openings, 
bays and the overall height of the workshop. Thus, for the 
P.F.W. we considered the square ground-floor type of 
workshop, Fig.1, having the dimensions 120m x 45m and 
an average height of 24m, with the opening for furnace 
room of L1=32.20m (between the rows of pillars I and II) 
respectively 16m for the recovery room L2=12.65m 
(between rows II and III).  
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Fig.1. The shape of plane placement of the pillars in a 
siderurgical workshop 

 
Out of the 12 bays of the workshop, the ones at the end 
are 7.0m long and all the others are 11.0m each. 
The metallic resistance structure of the P.F.W. is made of 
cross-sectional frames, Fig.2, with two unequal openings. 
Along rows II and III the pillars are placed at the 
intersection of all module axes, while along row I, the 
continuity of the technological flow between the pit 
furnace room and the workshop next to the rolling train 
imposed the prolonging of the rolling train of the cogging 
mill into the P.F.W. between axes 4 – 6. That in why the 
pillar of axis 5 of row I was not built down to foundation, 
its upper end lying on the rolling track beams. The same 
solution was adopted on row I at axis 8, respectively 10. 
The kind of incomplete cross-sectional frame resulted in 
this way, by cutting out the lover part of the pillar, is 
given in Fig.2b. 
 

 
 

 
Fig.2. Types of cross-sectional frames in the resistance 

structure of the P.F.W. 
 
For the rolling track beam ensemble the solution adopted 
was that of continuous beams, Fig.3, with uneven 

openings. Along the central row, the cross-section of the 
rolling beams sketched in Fig.3d, is equal on the entire 
length of the continuous beams, while the cross-section of 
the main beam corresponding to row II to III is also the 
same along row III to II. Along the marginal row I, 
Fig.3a, the cross section corresponding to the openings 
between axes 4 – 9 is the one given in Fig.3c, and for the 
other openings, the cross section of the main beam is 
identical to the one on row II to I. 
In the case of industrial workshop with metallic 
framework, whose resistance structure also includes 
incomplete cross-sectional frames, of the type given as 
example for the P.F.W. in Fig.2b, the analysis of the 
connections among the elements proved the existence of 
elastic supports, which, as to their rigidity rank in the 
category of semi-rigid connections and under charge 
behave as elastic embeddings. Such a connection is, in the 
example above-mentioned, the one between the upper 
branch of the pillar of the cross-sectional frame and the 
ensemble of the rolling track beam. The constructive 
structure of the connection, given in Fig.4, ensures the 
propagation of the strains through the two hard-core 
crossbars welted on the supporting seats, from the upper 
branch of the pillar to the beam ensemble of the rolling 
tracks. 
 

 
 
Fig.3. The beam ensemble of the rolling tracks in the Pit 

Furnace Workshop 
 

 
 

Fig.4. The elastic embedding connection between the 
pillar of the cross-sectional frame and the ensemble of 

rolling tracks 
 
The configuration and the structure of the connection in 
the central area, the reduction of the cross-section of the 
pillar attached with screws to the cross beams and its 
leaning on them by means of a centering plate, which 
leads to the possibility of overtaking only the axial and 
shear forces, approaches the behavior of the connection to 
that of a joint. The welded attachment of the breaking 
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beam to the pillar in an area above the connection, as well 
as the existence of cross beams and an inferior shutting 
plate which, in combination with the main and secondary 
beams form a closed section, ensures the connection 
capacity of overtaking bending moments as well, 
approaching its behavior to that of a rigid connection. 
Thus, the connection under consideration, between the 
pillar and the beam of the rolling tracks ensemble, can be 
assimilated to a semi-rigid connection, [5], of type of on 
elastic embedding, ensuring in the elastic field both the 
transmission of the calculated strains and the overtaking 
of the rotations and slides generated by these strains. 
 
3. THE PROGRAM OF EXPERIMENTAL 

INVESTIGATION CONCERNING THE 
GEOMETRY OF THE STRUCTURE 

 
The main effect of geometrical imperfections, particularly 
in the case of elements under strain causing axial efforts 
of compression and bending, imposes the consideration of 
deformations and slides that arise in time and that modify 
both their initial geometry and that of the entire structure. 
In the case of the workshop under consideration, the 
quantitative estimation of the geometrical imperfections 
has been done according to the recommendations in [2,] 
[3], by using specific methods, in accordance with a 
program of experimental investigation and measurements, 
drawn up with this purpose. 
The program of study and measurements, elaborated 
and structured according to the structure of the workshop 
we had in view, aiming at determining the time behavior 
of the building after 30 years of operation, included the 
following steps: 
1. Establishing the dimensional characteristics necessary 

for an estimate of the geometry of workshop 
resistance structure. 

2. Establishing the conditions for carrying out the 
measurements inside the workshop, as to the strains 
implied by the operation process. 

3. Choosing the methods and drawing up the operational 
plans as well as the measurements implied by them, 
depending both on the constructive structure of 
resistance and in the conditions imposed by the 
placing of equipment and aggregates inside the 
workshop. 

4. Carrying out measurements to be followed by the 
processing of the data experimentally obtained.  

5. Drawing up the final list of results used in establishing 
the geometry of the resistance structure of the 
workshop. 

 
4. PRELIMINARY OPERATIONS CARRIED 

OUT IN VIEW OF MAKING THE 
MEASUREMENTS 

 
The possibility of estimating the real geometry of some 
resistance structures in operation, starting from the results 
obtained after having run an experimental investigation 
and measurement program such as one that has been 
given above is further exemplified, for the beam ensemble 
of the rolling tracks in the Pit Furnace Workshop under 
consideration. 

In order to reach this target, preliminary operations were 
necessary, consisting in establishing the dimensional 
characteristics under consideration and the positioning, 
respectively marking the points/areas on the resistance 
structure where the measurements are to be made. 
Thus, the estimation of the geometrical configuration of 
the beam ensemble of the rolling tracks starting from an 
analysis of the magnitude of deformations and slides that 
took place along requested the determination of the 
following dimensional characteristics: 
a. horizontally: distances giving the position of the 
rolling track beam and their rails, both in the field and at 
the cross-sectional frames. 
b. vertically: elevation marks for the surface of support 
of the rolling track beam on the lower branch of the 
pillars and elevation marks on the rim of the rail. 
The constructive solutions for the resistance structure and 
its elements, as well as the placing of the equipment 
inside of the P.F.W., imposed the establishment of some 
monitored points, so that they should allow the possibility 
of direct measuring some of the distances between the 
points on the elements of the resistance structure.  
As a result, the network of monitoring points has been 
developed horizontally, along the workshop and vertically 
upon several levels, Fig.5, marked and situated as 
follows:  

 level 2, in the areas where the rolling beam is seated 
upon the lower of the pillars;  

 level 2t and 2s, on the surface of the upper feet of the 
rolling beam, respectively on the rim of the rails.  

 

 
 

 
 

Fig.5. Schematic positioning of the detail points with 
respect to the elements of the resistance structure, on 

measurement levels 2, 2t and 2s 
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In each of the horizontal plans corresponding to the 
above-mentioned levels, the details points have been 
placed as follows:  

 on level 2, on the faces of the lower branches of the 
pillars of the cross-sectional frames in the opening;  

 on the level 2t, along the direction of the rolling beam, 
successively, at the level of their support and in the 
field, and for those on level 2s, similarly, but at the 
level of the rolling rail rim (Fig.5). 

In view of a swiftly identification the position of the detail 
points and in order to avoid accidental errors of 
transcription of the measurements, the notation of these 
points has been done by assigning a five-digit number, 
with the following signification: 

 

 
 
[For instance, the detail point 21207 is placed on the 2nd 
row of pillars (the central row), in the opening 2 to 1, on 

level 2 at the 7th cross-sectional frame] 

 
For the altimetric leveling of detail points in the area of 
the ensemble of rolling track beams, the level-marks those 
marked in Fig.5 with RNE1 and RNE2, placed on the 
metal pillars of the workshop front, above the rim of 
rolling rail.  
The elevation marks of these points have been mentioned 
in the construction specifications, with respect to 
elevation mark +237.500m (± 0.00m) of the finished 
floor. 
In view of obtaining as relevant results as possible upon 
the deformations and slides arisen during the operational 
period, the measurements inside the workshop were 
carried out during the period of production halt, with the 
travelling cranes parked in the end bays, in order to have 
the smallest technological charge possible on the 
structure. 
In order to carry out the measurements, we drew up the 
Plan of Topographical Operations and Adjacent 
Measurements, given in detail in the next paper, in which, 
according to the target of each step, we specified the 
topographic method used and the necessary measurements 
to be performed on site. 

5. CONCLUSIONS 
 
The structural analysis of a metal workshop type 
construction in siderurgy, as well as that of some specific 
types of connections among the component elements of 
the resistance structure, offer significant data for the 
drawing up and elaboration of feasible experimental 
investigation programs whose should be significant for 
the characterization of time behavior and for estimation of 
the safety degree in operation of such structures. 
The experimental studies and research we have carried 
out aimed at obtaining information on the geometrical 
imperfections, meat to make up the database of the 
physical model and estimating the safety degree of a 
resistance structure specific for a over 30-year old 
workshop with traveling cranes.  
We gave the preliminary operations implied by the 
experimental program, meant to lead to significant results 
in the measuring and estimation of the behavior under 
charge, during operation. 
Also, the paper establishes the criteria of elaboration and 
gives a “Program of experimental investigation on the 
geometry of the ensemble of rolling track beams”, taking 
as a basis the analysis of the particular structural 
characteristics of a workshop for hot processes. 
Turning into account such an analysis for a workshop, as 
exemplified in the paper, leads to the possibility of 
establishing the necessary operations for the running of 
experimental research programs. 
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