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Anorauig. Yepes aMiHeHHS BHYTPILIIHBOI i OCOGMBO 30BHIIIHBOI TEMIIEPATYPH MPOTSITOM POKY, 30BHIIIHi
1Iapy KOHCTPYKLIN CTIHOBUX IIaHesell 3a3HAIOTh BILIMBY TeMIlepaTypHOTO Ilepelay. PisHuI TeMmIiepaTyp
BHYTPIIITHIX Ta 30BHIIIHIX MOBEPXOHb MOXKe OyTU 3HauHOO. lle SBUIlle TUIIOBE B OCHOBHOMY /IJISI TIaHEs el
6yauHKIB Ge3 yTelmoBava, 3MiHU TEMIIEPATYPU IPUBOAATH G€3M0CEPENHBO 10 3MiH Y CTPYKTYpPi MaTepiaiy,
1[0 CYTIPOBOKYBIOTHCS TPIIITHAMY B CTUKAX MK MaHETIMH. Y XOJi peKOHCTPYKII1 naHeeil Oy IMHKIB BU-
KOHYETBCS JOCTATHBO 3aTPATHUI PEMOHT TPIillMH Ta MOHTaX OOJHIIoBaHHS. OOIUIIOBaHHS caMe o cobi
3HAYHO 3MEHIITY€ TEMIIEPATYPHHUIL TIepelajl, CTPYKTYPHi 3MiHMU i TPIlHU Mixk maHeaaMu. OTKe, OOUII0OBAH-
HSI MOXKe PO3TJISIIATUCh SIK YAaCTHHA BiIOYNOBHUX POOIT, IPOTE MUTAHHS HEOOXiTHOCTI PEMOHTY TPIll[IH
3AIMIIAETHCS AKTYaTbHUM.

Kmoyogi cioBa: TpiluHy, maHesi GYAUHKIB, TeMIIepaTypHUIL Iepena, 0OMUII0BaHHS, 00'€MHi 3MiHU.
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Amnnoranus. /3-3a U3MeHeHUI BHYyTPEHHEN 1 0COOEHHO BHEIHEN TEMIIEPATYPHI B TEUEHHE TOMA HAPYKHBIE
CJIOM KOHCTPYKIIUU CTEHOBBIX TTaHe el UCIIBITHIBAIOT BO3IEHCTBIE TEMIIEPaTypHOTO Tepemnaa. PasHuia tem-
nepaTyp BHYTPEHHUX U BHEIIHWMX IIOBEPXHOCTEN MOKET OBITh 3HAUMTENBHOIL. JTO SIBJIEHUE TUIUYHO B OC-
HOBHOM [I7id TIaHeJell 3faHuii 6e3 yremautens. V3MeHeHUS TeMIEPATyphl MIPUBOIST HEMOCPENCTBEHHO K
U3MEHEHUSIM B CTPYKType MaTepHaa, COMPOBOKAAMIIMXCS 06PA30OBAHMEM TPEIMH B CTHIKAX MEKIY IAHe-
JSMU. B miporiecce peKOHCTPYKIMU TTaHe el 3MaHuil BBITOTHSIETCS OPOTOCTOSIIII PEMOHT TPELUH U MOH-
Taxk obaunoBky. O6IMIIOBKA caMa Mo cebe 3HAUMTETBHO YMEHBIAET TEMIIEPATYPHBIN Tepemaj, CTPYKTYp-
HEBIEe MI3MEHEHUS M TPEIMHbBL MKy TMaHeasMi. CeI0BaTeIbHO, YCTPOHCTBO OOMMI[OBKH MOJKET PACCMATPH-
BATHCSI KAK YACTh BOCCTAHOBUTENBHBIX PabOT, OMHAKO BOMPOC HEOOGXOAUMOCTH 33/IE/IKU TPEIMH OCTAETCS
aKTyaJIbHBIM.

KioueBble c/0Ba; TPEIMHBI, MTAHETN 3MAHUMN, TEMIIEPATYPHBIN Tlepemnajl, OOMHIOBKa, 0ObeMHbIE
U3MEHeHUS.
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Abstract. Because of changes in indoor and, in particular, in outdoor temperatures during a year, external
components of a structure undergo a temperature gradient influence. Difference between the temperatures of
indoor and outdoor surfaces can be considerable. This phenomenon is mainly typical for panel buildings without
covering. Temperature changes result directly in volume changes of components accompanied with cracks in
the gaps between the panels. In the process of reconstruction of building panels, there is performed a rather
costly filling of cracks and mounting of overcladding. The overcladding itself considerably reduces thermal
gradient, volume changes, and cracks between the panels. Therefore, the overcladding can be regarded as a part
of recovery works, and the question is whether cracks should be filled as well.

Keywords: cracks, panel buildings, thermal gradient, overcladding, volume changes.

Introduction

Indoor and outdoor temperatures during the year
load unevenly external components of the structure
with a temperature gradient. This results in volume
changes in the panel structure. The volume chang-
es depend not only on intensity of thermal loading,
but also on sensitivity of the material to thermal
changes in terms of structural deformation.

This situation is highly undesirable for in-
stance in original buildings without overcladding,
Because of volume changes in the panel struc-
ture, cracks appear in gaps between the panels.
Since the external panel cannot deform freely,
volume changes are accompanied with develop-
ment of internal forces. If the strength of a mate-
rial is exceeded, cracks will appear on panel sur-
faces as well.

The panel buildings are being reconstructed
now. Within the reconstruction, cracks are often
repaired and additional overcladding is installed.
The overcladding reduces the thermal gradient
and volume changes. When positive impacts of
the thermal cladding are taken into account, re-
pair of cracks can result in financial savings.

A practical calculation of deformations and
state of stress of the structure exposed to ther-
mal loading has been carried out using Finite
Element Method for an enclosing element of a
panel building, G 57 type. The structure has been
investigated in four thermal conditions: in the

original condition without overcladding and af-
ter renovation with overcladding both in winter
and summer.

Characteristics of the building and
structures under investigation

Deformations and state of stress of the structure
exposed to thermal loading have been calculated
for an enclosing element of a panel building, G G57
type. The building is located in Ostrava-Z6bYeh
and was built in 1962 [5]. The building consists of
4 ground floors and 1 underground floor. Central
panels that run longitudinally in the floor in the
axial distance 3.6 m are main supporting elements.
The structural height is 2.85 m in each floor. Ver-
tical and horizontal supporting structures are pre-
fabricated reinforce concrete components with the
thickness 200 mm or 150 mm. The thickness of
partition wall is 150 mm. The external cladding
consists of panels with the thickness of 240 mm.
For more details see [4].

The external panel with dimensions of 1800
x 2850 mm and thickness of 240 mm is made from
slag pumice concrete [5]. The thickness of the
slag pumice concrete component is 210 mm. Both
side of the panel are covered with plaster. In the
panel, there is a window opening (1500 x 1450
mm). Fig. 1 shows the geometry and composi-
tion of the panel.
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Fig. 1. Geometry and composition of the external panel

Approximately 40 years after the construction,
an additional overcladding (extruded polysty-
rene, thickness: 160 mm [5]) was installed in or-
der to meet requirements in SN 73 0540 [1]. The
additional overcladding will considerably im-
prove thermal insulation parameters of the ex-
ternal structure, increase the comfort, and result
in heating savings. From the static point of view,
the thermal gradient applied on the structure will
decrease. All this reduces negative impacts of the
volume changes.

Analysis model and loading

The deformation and state of stress of the ex-
ternal panel can be calculated using a FEM mod-
el only if parameters of structural materials are
known. According to [4], the external panel is
made from slag pumice concrete with the den-
sity of r=1400 kg-m™® and average ultimate
compression strength of 5.0 MPa. Another im-
portant value that needs to be known for the task
is a modulus of elasticity of the material used.
For light-weight concrete, the formula below [2]
should be used:

E, =004 p2n~Rbg =0,04-1400°-5,0 = 4685 MPa (1)

Poisonrs ratio will be n=0.2. We may consider
the linear expansion coefficient to be lower than

for standard concrete pursuant to [2], but to be
on the safe side, let us assume that the linear
expansion coefficient will be a = 10-10,

Analysis model

Because normal forces and bending moments will
occur in the structure of the external panel subject
to temperature changes, a shell structure will be
used for modelling. In fact, the panel consists of
three layers with the total thickness of 240 mm
(Fig. 1). In the FEM structure model, let us assume
for the sake of simplification that there is an only
one layer from slag pumice concrete with the con-
stant thickness of 240 mm. In terms of technical
accuracy, the simplification is not too significant.
Because it is rather difficult to describe the real
supporting of the panel in the structure, two limit
conditions of the supporting are dealt with. In the
first case, it is assumed that the panel moves freely
in gaps. Free deformations take place along the
panel. In the FEM model, the shell is supported
in such a way that displacements in x and y axes
as well as rotation along line supports are possible
(Fig. 2a). The second case describes a fixed sup-
port where displacements in gaps are not possi-
ble. The model is supported in such a way that only
rotations along line supports are possible. Displace-
ments along the structure are zero in all directions
(Fig. 2b). The real state is somewhere between
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Fig. 1. Calculation model of the external panel: a) free displacements b) bound displacements

Panel without overcladding

Summer

Tins = 25,0 °C Tous = 68,0°C
Winter

Tinw = 20,0 °C T . =-36,0°C

outw

Fig. 3. Thermal parameters of the structure.

these two limit situations.

Loading of the external panel

The external panel of the building is loaded with
temperature changes. Such load needs to be de-
termined separately for summer and winter. Pur-
suant to SN EN 1991-1-5 [3], Fig. 3 shows ex-
treme temperatures for Ostrava, where the build-
ing is located. The temperatures are given for the
building with and without overcladding.
Uneven increases in temperatures result in
deformations and curvature of the external pan-
el structure. For summary see Table 1. The table
also shows a considerable decrease in the load-
ing intensity after the overcladding is applied.

Panel with overcladding

Summer
\
Tins = 25,0 °C — Tous =29,1°C
Winter
Tinw = 20,0 °C N Touw= 146°C

FEM results of deformation and internal
forces

Resulting deformation plays a major role in struc-
tures exposed to a thermal gradient. If the defor-
mation is too high, cracks may appear in places
where the panels contact each other. The ther-
mal load causes also internal forces to be devel-
oped in the structure. Once the strength of the
material is exceeded, cracks will appear on the
panel surface.

Deformation

As mentioned above, two limit conditions have
been solved for the structure supporting. Table
2 shows maximum deformations in the lower left
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Tab. 1. Thermal loads applied on the structure of the external cladding

Deformatio Panel without overcladding Panel with overcladding
load Summer Winter Summer Winter
Deformation £, [mm/m | 0,365 -0,180 0,171 0,073
Curvature k [mrad/m] 1,521 -2,333 0,171 -0,225
Tab. 2. Comparison of the displacement of the external panel for different loads
Panel without overcladdin Panel with overcladding Total
isplacemen decrease
Summe Winter A Summer nter A [%]
Uy [mm] +0,71 -0,34 1,05 + 0,32 +0,14 0,18 82,9
uy [mm] +0,37 -0,18 0,55 + 0,20 + 0,08 0,12 78,2

Free displacements

W froum]

Fig. 4. Displacement of the panel without overcladding
in summer - direction: u_

corner of the panel for specific thermal condi-
tions. Fig. 4 and Fig. 5 show the distribution of
shift u_for the both cases. The distribution of
the shift u is very similar. The real shifts of the
structure will be located somewhere between
the limit conditions.

Main normal forces

In case of free displacements along the perime-
ter of the shell, normal forces will not appear. If
the structure is supported along the perimeter,
the normal forces will be as in Fig. 6 through Fig.
9, this being the case of winter. The influence of
the overcladding is clear from the distribution of
main normal forces. The reason is that after the
overcladding the panel is loaded with positive
deformation, while before the overcladding it was
exposed to negative deformation. See Table 1.

Bound displacements
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Fig. 5. Displacement of the panel without overcladding
in summer - direction: u_

Main bending moments

Main bending moments are identical for both
cases. Before and after the overcladding, the dis-
tribution of bending is very similar to each oth-
er. After the overcladding, the main moments will
decrease considerably. Therefore, the chart shows
moment for the structure without overcladding
only. See Fig. 10 and Fig. 11.

Fig. 12 shows distribution of cracks in the real
structure of the external panel without overclad-
ding. Cracks appear mostly in places with maxi-
mum internal forces. They correlate rather well
with the distribution of main moments.

It is clear from Table 2 that after the overclad-
ding, the deformation caused by temperature
changes decreased by as much as 80 %. The de-
crease in deformations is directly related to re-
duced internal forces.
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Panel without overcladding
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Fig. 6. Main formal forces n1 - structure without
overcladding in winter

Panel with overcladding
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Fig. 8. Main formal forces n1 - structure with
overcladding in winter
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Fig. 10. Main moments m1 - structure without
overcladding in winter
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Fig. 7. Main formal forces n2 - structure without
overcladding in winter

Panel with overcladding

17 [ty
E5.99
23
53

Fig. 9. Main formal forces n2 - structure with
overcladding in winter
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Fig. 11. Main moments m2 - structure without
overcladding in winter
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Fig. 12. Distribution of real cracks in the external panel

Heat consumption [MJ]

2001 2002 2003 2004 2005 2006

Year

Fig. 13. Heat consumption

Comparison of heat consumption for heating
purposes

Fig. 13 and Fig. 14 show positive impacts of
the additional overcladding in terms of thermal
parameters and consumption of heating energy.
The consumption has been calculated from data
supplied by a facility manager for flats in the a
central doorway. In 2001 and 2002, the consump-
tion was calculated for the entire house. The val-
ue for the central doorway was calculated as an
average value and can vary slightly from the real
value. This is, however, not so important for com-
parison of heat consumption before and after the
overcladding.

Conclusion

The extensive thermal loading of the external

600+
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(0 e

Year

Fig. 14. Heating prices

panel results in development of considerable de-
formations and internal forces. The deformation
can result in cracks in contact joints of panels.
Cracks can also appear in the panel surfaces af-
ter the ultimate strength of material is exceeded
in consequence of excessive internal thermal
forces.

The additional overcladding reduces consid-
erably the thermal loading of the structures as
well as the deformation, If cracks are to be re-
paired in buildings during reconstructions, such
repairs are rather expensive. Therefore, it is rec-
ommended to take into account positive effects
of the overcladding and save funds. Such repairs
and renovations can include the additional over-
cladding.

This result has been achieved thanks to the
financial contribution of the Czech Republic
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