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TEPMHUYKA AHAJIU3A HA Ab OIJAK CO BUCHHA 120m

PE3UME

Bo Tpynor e npe3seHTHpaHa TepMuukara aHanusa Ha 120 metrpa Ab ouax ,benrpapcka enextpana‘.
Llenta Ha TpynoT e Aa ja mebuHupa auctpudyuujara Ha BHATPELIHUTE CWJIHM NPEAU3BUKAHH Of
TEPMHYKHMTE TOBAapH KOM CE€ pe3yJITaT Ha pasiukata BO aMOMEHTHAaTa M TEXHOJIOLIKATa TEMIEpaTypa.
MMeHo, 3a BpeMe Ha TEXHOJIOIIKHOT NpOLEC MOBHCOKUOT TEMIIEPATYpPEH PEXUM O OHOj IITO €
NpeABHIEH BO NPOEKTOT NMPaJU3BHKAN OLITETYBakha Ha TEPMUYKATAa M30JIalHja, BKIydyBajKH H MOXHA
penyKLuja Ha yITHUMaTHBHATA JaKOCT Ha OETOHOT M YENMKOT Ha SHAOT Ha oyakoT. [IpernocraBeHa e
KOHCTaHTHA TEMIIEpaTypa Ha MOBpUIMHATA M JMHEapHAa NpoMeHa TNo [JebenuHara Ha SHIOT.
Hymeprnukata aHanu3a € CIpPOBEINEHA CO KOpUCTEHmE Ha KoMmepuujanHuoT nporpam SAP2000 co
yeTHpH jasonHu shell enemMenTH. MoJEIOT Ha KOHEYHHUTE €JIEMEHTH € BepU(DHUIMPaAH CO CIIOpENyBamke
Ha pe3yNTaTUTe OJ TepMHUYKaTa aHajlW3a CO COOABETHO JOCTAallHWM BO JIMTEpaTypaTa. AHamu3aTta
MOKaXa JieKa PajHjaTHUTe TEPMHYKM CHJIM U MOMEHTH MpPEJU3BUKAaHH OJf BUCOKHTE TEXHOJIOLIKH
TEMIIEPaTyPH Ce€ TIOBHCOKH O] OHUE NPEABUACHH BO OPUTHHATHHOT MPOEKT.

Knyunu 36opoeu: AL opax, mepmuuxu moeap, 8HampeuiHy Cuny, npoyerda

Marina CETKOVIC', Dugan NAJDANOVIC 2

THERMAL ANALYSIS OF 120 HIGH RC CHIMNEY
SYMMARY

This paper deals with the thermal analysis of 120m high, RC chimney. The aim of the study is to find
the distribution of internal forces caused by thermal loads, resulting from the difference among the
ambient and the operating temperature. Namely, during the operating process, the higher temperature
regime than those in the main design, has caused the thermo insulation damage, indicating the possible
exceeding of ultimate strength in the concrete and reinforcement of chimney wall. It was assumed that
temperature variation is uniform over the surface and linearly varying through the thickness of the
chimney. Numerical analysis is performed using four-node shell element and the commercial program
SAP2000. The finite element model is verified comparing the results of the thermal analysis with the
available ones in the literature. The study shows that thermal radial forces and radial moments,
obtained by the higher operating temperatures, are greater then the one in the original design.
Furthermore these forces can cause cracks in vertical direction, so appropriate retrofit measures are to
be applied.

Keywords: reinforced concrete chimney, thermal load, internal forces, assessment
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1. INTRODUCTION

Industrial chimneys are intended to divert gases, appearing in the operating process, in the atmosphere
/1/. Depending on the materials from which they may be produced, we recognize: masonry, reinforced
concrete, steel, and in the recent time Fiber Reinforced composite chimneys (FRP). Chimney
construction itself consists of a foundation construction and a chimney block. Standard calculations,
which have to be carried out when designing a chimney , include the following design stages, that are:
1) technological design, 2) static design, 3) dynamical design 4) thermal design and 5) structural
design. By technological design initial dimensions are adopted depending on the requirements of
technological process which takes place in the chimney. In static design, internal forces are calculating
due to static load (self weight, weigh on external and internal facing and wind load), as well as proof
of stability due to possible buckling of chimney block. Dynamical design imply checking chimney
resistance on the appearance of forced vibrations due to seismic forces and dynamical wind load.
Thermal design defines heat conduction through the chimney wall and calculation of such arising
temperature affects in individual structural elements. Structural design are conducted on the basis of
calculations under the points 2), 3) and 4).

In this paper thermal analysis of 120m high, RC chimney under the influence of three different
temperature regime will be presented, that are: 1) temperature regime with designed insulation, 2)
temperature regime with increased service temperature and designed insulation and 3) temperature
regime with increased service temperature when insulation drop off between the levels +30m and
+40m. Numerical 3D model of chimney will be modeled using commercial program SAP2000 and
four node shell finite element /2/. The accuracy of the proposed finite element in the field of thermal
analysis will be carried out by comparison with the theoretical model from the literature. The aim of
the study is to find distribution of internal forces due to above mentioned temperature regimes and to
point to the potential places of damage and that by required retrofit measures.

2. THERMAL ANALYSIS

The difference between the air outside and inside
the chimney block (which is defined by the
temperature of the gas-smoke) will lead to thermal
conduction through all layers of chimney wall, of
thickness 4, Fig. 1. The following assumptions

are included into design: 1) temperature of

T:

TR e feferenc'er
femperature” -

e
AL
B )

chimney gas and outside air are constant across
the height of the chimney, 2) heat conduction T
through all layers is perpendicular to the middle Inside outside

surface of the chimney and 3) variation of
temperature is linear, because the wall thickness
is oo small compared to radius of the chimney.
Linearly varying temperature field, from the temperature 7, on the outside to temperature Ty; on the

inside RC chimney wall, is given by the following function:

Figure 1. Heat coduction through the chimney wall

T[:x,z}zfu{xj+m(x:] (1)

5
d?_
where: %(x)= &’;—be is middle surface temperature and At(x)=T;,-T;; temperaturc gradient
through the chimney wall with the value zero in the middle surface, Figure 1.

It should be underlined that despite the flat plates in which, due to the nature of their physical
behavior, are possible independently to analyze middle surface température and temperature gradient,
in cylindrical shells one differential equation describes both problems, so there is no need for their
separate observation. Namely, either type of temperature distribution, in conjunction with clamped or
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simply supported boundaries, will lead to both membrane loading and bending about the shell wall
middle surface /3/.

Above mentioned statements will be checked in the next example of cylindrical shell loaded by the
temperature field given in equation (1).

2.1 Verification of model

A cylindrical shell /4/ of radius r=3m, wall thickness d,=0.30m and height H=9m made of material
with the following properties: x=1/6, E=21x10°MPa/m®, @, =1071°C is analyzed. Shell is fixed

at the bottom and free at the top. Temperature on the inside shell wall is 7;,; =20°C , and at the outside

2
is Tho=0°C . Therefore, middle surface temperature will be °(x)= A¥0 . 10°C, and temperature
gradient will be Af(x)=0-20=-20C, or:
; z
T(x,2)=10-20 —— (2)

0.30

Numerical 3D cylindrical shell model will be formed using commercial program SAP2000 and four
node shell finite element.

Figure 2 shows distribution of radial forces N, through the height of cylindrical shell. We observe
that fluctuations of radial forces N, , due to temperature field (2), are present only at the ends of the
shell. At the fixed end shell is locally compressed, while tension forces occur at the frec end. Moving

O
.

outside inside

H [m]

-80 60 -40 =20 a 20 40 60

N [kN/m]
Figure 2. Distribution of radial forces through the height of cylindrical shell

Figure 3 shows distribution of radial #, and vertical M, bending moments through the height of

cylindrical shell, due to temperature field (2). We notice that as in the case of radial forces, both
moments have abrupt change of their values only at the ends of the shell. Between these values occurs
almost pure bending.

Therefore, we can conclude that an excellent agreement of internal forces obtained by program
SAP2000 with theoretical solution from the literature was achieved /4/. Also the above mentioned
statement, by which temperature field given by the equation (1) induce simultaneous membrane and
bending state of stresses, was verified /3/. It should be emphasize that vertical stresses given in terms
of moment M, will be no longer considered in the analysis, since they are getting reduced by the

stresses due to self weight. In the following we will analyze only radial forces and radial moments, due
to which horizontal stresses arise, as the main cause of cracks appearance in vertical direction.
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Figure 3. Distribution of radial and vertical bending moments through the height of cylindrical shell

3. THERMAL ANALYSIS OF CHIMNEY

Since we have confirmed in the previous example the
reliability of shell finite element in the field of thermal
analysis, we can now create 3D numerical model of 120
high, RC chimney. Material properties of the chimney are:
v=02, E= 2.1 10’ kN/m’, o= 10-5 1/°C. Boundary
conditions are fixed support at the base and free edge at the
top of the chimney. FEM model was created using
commercial program SAP2000 /2/, Fig. 4. A four node shell
finite element mesh was adopted having side ratio near
unity. A finer FEM mesh was adopted at potential places of
stress concentration, that is at the base of the chimney and
at abrupt changes of geometry and temperature regime. The
height of chimney block is 120m with conical shape from
the level £0.00 up to +30 m, and cylindrical to top, that is
up to level +120m. Outer diameter is 9m at level +0.00, and
from level +30 to top is 5.5 m. Thickness of RC wall vary
from 40cm in the lover parts, to 20cm at the top, Fig. 4.

Distribution of internal forces will be analyzed ! " i

under three different temperature regimes. First, | 4 0| A O | Ar 0 | Ar
denoted as T_180, or temperature regime with 735 TRIBA 2| 26 TR
designed insulation, second, denoted as T_219_1, [02s sl a2 7=
regarded as temperature regime with increased S’ﬁ? o -; ;g N ,;3; ;i ) f; ;—f
service temperature and designed insulation and |53 T T AR T T A e

third, denoted as T_219_2 related to temperature
regime with increased service temperature when Table 1. Chimney temperature regime
insulation drop off between levels +30m and +40m.

In wish to underline the contribution of each component, that is mid surface constant temperature t°
and linearly varying temperature gradient At equal zero in the middle surface, on the deformation and
internal forces, Fig. 5 and Fig. 6, show distribution of temperature, radial displacements «, , radial

forces N, and radial moments M, under the temperature regime T_180, Tab. 1, through the chimney
height.

From the Fig. 5 we observe that due to mid surface constant temperature t°, radial displacements Fig.
Sb are in good agreement with temperature regime variation, Fig. 5a. As a result of restrained
shrinkage at the bottom, chimney is locally compressed up to level 2m above the base with

considerable radial compressive force. Removing from the base, internal forces tend to zero values.
Local fluctuations in internal forces through chimney height, again arise at locations of abrupt changes
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Figure 5. First temperature regime T_180: a) +° surface constant temperature b) radial displacement,
¢) radial force and d) radial bending moment through the chimney height
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Figure 6. First temperature regime T_180: a) Ar temperature gradient b) radial displacement,
¢) radial force and d) radial bending moment through the chimney height
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Figure 8. Radial forces and radial bending moments under third T_219_2 temperature regime
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in temperature regime.

Linearly varying temperature gradient At, shown on Fig. 6a, induce nearly pure radial bending, along
the segments with uniform temperature regime. Out of plane bending, with presence of radial bending
moments and radial forces, occurs in regions with abrupt changes in temperature regime and wall
thicknesses, Fig. 6¢ and Fig. 6d. Such local effects are also in agreement with chimney deflected
shape Fig. 6b. At the free edge, that is chimney top, great radial tension forces arise, Fig, 6c.

Thus, it may be concluded that at the boundaries, abrupl changes of temperature regime, or thickness
of the chimney wall, it is worth talking about simultaneous action of middle surface constant
temperature t and linear varying temperature gradient At. Out of these locations middle surface
constant temperature {* effects become negligible, and linear varying temperature gradient At becomes
dominant factor affecting deformations and internal forces of the chimney.

Fig.7 and Fig. 8 show distribution of radial forces and radial bending moments through the chimney
height, subjected to simultaneous action of 1’ and At, under the temperature regime T 180 and
T_219_1, Tab. 1. We observe that with an increase of temperature, at constant thickness of insulation,
proportionally increase internal forces.

Finally, Fig. 9 shows distribution of internal forces through the chimney height under third
temperature regime t_219_2, when insulation drop off between the levels +30m and +40m. We
observe that abrupt jump of temperature value t” and At, between levels +30 m and +40 m, is followed
by the same abrupt increase in radial forces and radial moments. It may be also seen that increase in
radial forces is proportional to ratio of mid surface constant temperatures t°, while increase in radial
moments is proportional to the ratio of temperature gradients At, under temperature regimes t_219_1
with and t_219_2 without insulation, respectively.

From the presented results we conclude that third temperature regime T_219_2, at which insulation
drop off between the levels +30 m and +40 m, is the most critical for the future service live of the
chimney. It is known that the Polish regulations for chimneys /1/ permit temperature gradient no
higher that 70°C, indicating that this value itself is sufficient for the crack appearance. Hence, we
conclude that in zone between the levels +30 m and +40 m cracks appearance is expected in vertical
direction.

4, CONCLUSION

The present thermal analysis of 120 high RC chimney has shown the importance of abrupt changes of
temperature regimes, as well as cross section geometry, on the values of internal forces in the
chimney. It was observed that increase in temperature, appearing as a result of higher service
temperature, at the one side, and damage of insulation, on the other side, generate internal forces and
deformations greater that the one in the main design, which are sufficient to cause cracks in vertical
direction. It is well known that cracks appearance cause an abrupt change of chimney stiffness and by
that redistribution and reduction of internal forces. However, static internal forces and deformations in
the chimney under equilibrium state with cracked section may be the objective of some future
analysis.
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