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CONCRETE STAND STRUCTURE

For a coking plant, a tower-like steel structure had to be built the top of which is at a height of 100m. The paper describes the
reinforced concrete structure which supports the steel structure. It is a spatial frame having special foundation and joints. Both
the design and the construction was meaning unusual tasks for the responsible engineer, because the extraordinary forces acting

on the foundation and the superstructurer,
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1. INTRODUCTION

MOL Inc., Danube Refinery (MOL Co. Dunai Finomita)
erected a delayed coking plant for processing by-pass oil.

For placing the complete equipment. a 23.00 m high rein-
forced concrefe stand structure was necessary upon which a
70.60 m high steel structure tower was erected with the pro-
cess equipment fixed to it.

Fig. T onsmiallosa o7 e oarmists sand Srugue

\"Qﬂa

7

5
NNA PRSP DD
W

X

X
k, {‘\?7
’4)\

</
=
\/

i6

The conceptual plans for the required deep foundation, re-
inforced concrete and steel structures were prepared by FOS-
TER WHEELER IBERIA in co-operation with the process
designer.

The detailed design of the reinforced concrete structures
were performed by CAEC Ltd. (Cronauer Almdsi Engineer-
ing Consuiting Ltd.) under the leadership of OLAJTERV Co.
The contractor was VIZEP Ltd. who implemented the plans,

Structural solution
Fig. [ shows the schematic of the complete stand structure.
Three main parts of the struciure can be distinguished:
® The foundation is a diaphragm wall system supporting
the reinforced concrete frame of box-like design bear-
ing down the terrain {evel for 20.00 m. The thickness of
diaphragm walls in the cross-direction is 1.20 m and
that of the long direction i 0.8 m. This 1.2 m thick dia-
phragin wall was constructed for the first time in Huo-
gary. The tvpe of the dipper was STEIN 810/1200 with
18 t weight.

Welded steel reinforcement was put in place with balances
manufactured for this purpose enabling both lifting and tilting.

The ready made diaphragm walls are kept together by a
reinforced concrete girder lattice of 2.00 m structural height.
The stirrups of the girder lattice permitted mounting of the
longitudinal reinforcement from above. Assembly was per-
formed by workers moving within the large girder lattices af-
ter which the open stirmups were closed. The precise position
of starter bars for columns was given by rigid steel lacing bonds
and geodesic checking.

The buili-in formwaork of the reinforced concrete girder lat-
tice was performed by cleaned slot guide-beams.

Concreting was performed in a single stage without a work-
ing joint, in layers according to the “fresh on fresh” principle.
with low setting heat cement.

Post treatment consisted of water flooding.

® The middle part of the structure is a spatial reinforced

concrete frame connected to the foundation. This is lo-
cated between the site level and +23.00 m1 level with its
two upper levels closed by 80 cm thick reinforced con-
¢rete plates of at the +18.00 m level and of 173 cm thick
plates at the +23.00 m level, There are two openings of
2.1 m on the mentioned plate at +18.00 m level and
two openings of @6.1 m on the plate at =23.00 m level.

& The third part of the structure is a steel structure Situ-

ated between —23.00 m and +88.11 m levels.
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Up to the +48.00 m level it coincides with the plan view
dimensions of the reinforced concrete frame, while the upper
section follows a narrowing shape.

In the following we provide information with regard to the
special reinforced concrete frame structure forming the middle
part.

2. THE LOADS AND EFFECTS

The values of loads and effects on structures are determined
by the Hunganan standard MSZ 13021/1.

In addition to the usual wind load and €emperature effect,
loads eriginating from the process and dynamic effects caused
by the operation of the equipment influence the structure com-
prising the coking plant.

A considerable part of Hungarian territory dees not lie above
potential earthquake fields and thus generally the maximal load
originating from the wind load comprises sufficient reserve,
even for the case of earthquakes of the 4-3 MKS inteasity.

In the case of this particular structure, taking in account
the very high value of the equipment, it was expedient to con-
sider earthguakes of 7 MKS intensitv. This fact considerably
affecied the choice of dimensions and reinforcement system
of the structure.

3. THE ANALYSIS OF THE
REINFORCED CONCRETE
STAND STRUCTURE

The main elements of the stand leaning on the diaphragm wall
svstem and receiving the loads of the steel structure support-
ing the equipment are: the frame structure consisting of verti-
cal and horizontal bars and the plates of high thickness situ-
ated on the upper two levels.

On these levels the horizontal beams are omitted. Rigid
connections of vertical columns’ corners and the frame effect
are achieved by means of the mentioned 80 cm and respec-
tively 175 em thick plates.

For the “global " analysis model of the structure in question
the substitution with beams 1s natural. Because of the large
openings in the floor plates, it is more useful to substitute “bars”
placed in the centres of mass of the remaining “plate bands™.
Fig. 2 shows the example of a model used for one of the plate
fields.

It is worth mentioning that because of local effects in the
area of corner and rend columns, e.g. torsion caused by ec-
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centric connections of beam axes, the problem of introducing
reaction forces of the columnns into the slab (piercing) required
special examination. These models examined the actual de-
sign of the structural elements and their compatibility with
the armature arrangement.

4. METHOD OF CONSTRUCTION

Because of the exceptional large loads and large cross-section
dimensions, it became evident that only the in-situ construe-
tion method would be cost-effective to meet the structural re-
quirements.

The placing large amounts of remforcement corresponding
to the loads in the beam cross-sections and co-ordinating the
concreting units represented a special task (Fig. 35

Furthermore, accurate assembly of the armature at the con-
necting comers and crossings was required.

Accurate forming of the supports and formwork sufficiently
rigid to withstand construction together with the selection of
the carrect camber of the floor formwork was also a distinet
task (Fig. 4).

The concreting of a thick floor slab with plastic fibre-rain-
forced concrete according to a specific technology is aiso note-
worthy. Additionally, the precision positioning of fittings in
accordance with the plan was difficult task also. E.g. in the
.75 m thick top slab (+23.00}. fittings had to be positioned
within =3 1 of plan view and vertically that required spe-
cial fixation systems from the butlding contractor.

It is also remarkable that the 1.75 m thick plate at 23.00 m
was performed in a single step of layered concreting. For the
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cosi-effective consiruction of the stands required for supporting
this large mass. the reinforced concrete frame strucnwre already
built was also used for carrving vertical forces (Fig. 34

5. STRUCTURAL DETAILS

Some structural details of the reinforced concrete stand and
some of the solutions are alse noteworthy:

® The prefabricated reinforcement of the remforced con-
crete columns had to be manufactured on special pro-
duction benches with steel structure accuracy. This re-
inforcement also had to meet the requirements of trans-
portation and lifting.

@ The lensthwise bars of high columins could not be spliced
because of geometric reasons. thus steel bars of excep-
tional length were ordered. which in turn required spe-
cial vehicles for their transportation.

¢ The lifting and fixing of the readv-made column rein-
forcement required special design considerations in o1r-
der to avoid deformation. The lifting and positioning
was performed under instumental control.

¢ Because of the dense remnforcement. the necessary and
sutficient concrete coverage required special attention.

@ In the given corrosive medium, concrete coverage short
of the designed value could not be permitted. At the same
time, thicker concrete cover of the rewnforcement could
lead to cracks and "musseling -off. Because of this rea-
son, formwork of exceptional accuracy and ngid sup-
port were required. In the case of freshly concreted col-
umns tension effects caused by wind and movements
had to be restricted.

® [ntroduction and processing the concrete in high. ready-
made column reinforcement without segregation re-
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quired concrete nuxtures with chemical additives. Also
the operation of high frequency vibrators in a curtain-
like manner were performed for the first rime here.

® For proiection against thermal damage because of un-
usual concrete dimensions. low setting heat cement was
used to reduce the heat losses of surfaces at night and
multi-layer blankets (geotextile, foil) were used.

® The order of assembly of dense columns in the nodes of
reinforced concrete pillars, beamns and plates was deter-
mined in a “sequence instruction” that greatly facilitated
methodical material handling and assembly/Fig. 6).
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