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Abstract — During the reform of desulphurization for a RC (reinforced concrete) chimney, which is located at a power plant in 

Dalian, it is found that cylinder wall has multiple vertical cracks, and the concrete cover occurs with inflation, and longitudinal 

rebars occurs dilatation and results in drops of concrete coats due to the corrosion of rebars. Systematic calculation has been 

conducted to analyze the causes of formation of cracks under temperature stress. The paper analyzes the effect of temperature 

loads on the cylinder wall under three kinds of conditions, which are intact lining and insulation, deciduous lining and intact 

insulation, deciduous lining and insulation. Therefore, it provides the theoretical basis and reference for similar projects' appraisal 

and firming. 
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I. PROJECT OVERVIEW 

   The chimney of the power plant is located in Dalian, 
Liaoning Province, which was completed and put into 
production in May 1999. It is a single-tube chimney that 
made of reinforced concrete. The height of it is 120m.  
The maximum radius of the outer wall of is 5.20m and the 
concrete cylinder wall's thickness is 0.4m. The minimum 
radius of the outer wall is 1.95m and the concrete tube 
wall's thickness is 0.20m. The strength grade of the 
concrete of the chimney is C30. Ordinary clay brick 
masonry is used as chimney lining, and rock wool is used 
as the insulation layer. Vertical and circumferential 
reinforcement are arranged at the inner and outer sides of 
the cylinder wall. Seismic fortification intensity is 7 
degrees. The reference wind pressure is 0.75kN/ m² (once 
for 100 years)and the  surface roughness is A. 

II. INSPECTION AND THE RESULTS OF THE 

PROJECT 

A.  Inspection 

The inspections on the foundation, cracking, 
anticorrosive system and the subsidiary system are carried 
out on the site.  

During the inspection of the foundation of the chimney, 
it is found that there is no significant tilt, deformation, 
cracks and other defects caused by uneven ground 
subsidence for upper structure. The foundation is well. 
There are multiple vertical cracks on the shell and some are 
visible. The concrete wall shows voids and pits, weathering 
and peeling, white traces of corrosion. And the 
circumference shell occurs crack because of the expansion 
of rebars. Core samples drilled in high altitude are used to 
check the   corrosion protection system of the chimney, 
 

 

which includes anticorrosive coating, lining, heat insulation 
layer and so on. As a result, the original corrosion system 
has been destroyed. From the result of the inspection of the 
subsidiary system we know that the air sign of the chimney 
is weathered and peeled. Corrosion layer of steel platform  

 

Figure 1. Vertical Cracks of Chimney Wall 

 

Figure 2.The Efflorescence of Chimney Wall’s Concrete  
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Figure 3. The Corrosion of the Shell in 90 meter 

 

Figure 4. The Toric Crevice of the Shell 

is off and rusty, a corrosion and peeling occurs in the 
connecting node. The part of platform fence and some 
lights are damaged. 

Vertical cracks is the most serious problem, mainly as 
shown in Figure 1, 2, 3, 4. 

B.  Check 

In order to ensure more accurate results of the 
inspection and testing, the damaged chimney was selected 
as sampling. The concrete core sample was drilled to 
analyze the corrosion of the chimney tube wall, after which 
the experimental analysis was adopted. This test took 6 
cores in the position of 20m, 40m, 60m, 80m, 100m, 110m. 
One more core sample is added in the hoop rust expansion 
cracks and vertical cracks, so the total cores were 8. 
Sampling and carbonation depth testing are shown in 
Figure 5, 6. 

A series of tests at the site shown, the strength of 
cylinder wall concrete could meet the requirements on 
strength of the original design; the maximum value of 

cylinder inner wall’s carbonization depth was much larger 
than that of the net protective layer thickness of the hoop 
reinforcement. This is related with the corrosion on the 
inner wall by flue gas which is extremely unfavorable to 
the durability of the reinforcement; the spacing of the 
sampling vertical reinforcement of the cylinder outer wall 
could meet the requirements of the original design, but 
some parts were not evenly placed. The hoop reinforcement 
spacing, however, was greater than the spacing designed, 
not satisfying the requirements of the original design; 
above 40m high, thickness of the reinforced protection 
layer was generally too small, not up to 30mm; cracks of 
the reinforcement were corroded; according to the relevant 
appraisal standards [2], the chimney body tilt rating should 
be A-class.  

.   

Figure 5. After the Shell Core  

  

  Figure 6.The Depth Test of Carbonation for Shell 
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III. CRACK ANALYSIS 

From field test and inspection results, the vertical 
cracks of the chimney are mainly the temperature cracks 
and shrinkage cracks at the later stage. In this paper, 
MIDAS/Gen software was used to carry out the finite 
element analysis and calculation of the cracks in the wall of 
the chimney caused by temperature stress.  

A.  The Basic Parameters of the Model  

According to chimney’s actual number of 
reinforcement，reinforced concrete can be considered as a 
homogeneous material. Its elastic modulus is calculated by 
the following formula equivalent [3]: 

1 1 2 2

1 2

E V E V
E

V V




  
In the formula:  

E1---the modulus of elasticity of steel.    

V1---the total volume of the inner cylinder wall  

reinforcement.  

E2--- the elastic modulus of concrete.  

V2--- concrete volume. 

Poisson's ratio of reinforced concrete takes 0.2 and 
linear expansion coefficient generally take 1.0 × 105N 
/℃. 

Before desulferized renovation, the chimney works 
could reach 125 ℃  on maximum. Then, the normal 
operating temperature is 50 ℃  after renovation. The 
highest outdoor temperature is 35.3℃  in summer and 
outdoor extreme minimum temperature is -19.8℃  in 
winter. 

 

Figure 7. The Heat Transfer Diagram of Tube Body. 

B. The Temperature Difference across the Cylinder Wall 
Was Calculated in the Winter and Summer 

With the chimney height increasing, chimney tube 
diameter and wall thickness are changing. The paper 
obtained temperature difference between inside and outside 
of cylinder wall by segment computing. Reinforced 
concrete cylinder wall allows temperature under 200℃. 
When the flue gas temperature is 125℃, the temperature 
through the brick lining and insulation conductive cylinder 
wall longitudinal reinforcement is under 100 ℃ . The 
reinforced strength is not reducing. Thermal calculation 
index of chimney lining and insulation would be found in 
4.4.2 tips of GB 50051－2013 “Design specifications of 
Chimney.” [4] 

Process of barrel heat transfer displays in Figure 7. 

Be based on “Chimney design specifications”[4],  
thermal resistance, total thermal resistance and heated 
temperature are calculated. 

The formula of thermal resistance of each layer, total 
thermal resistance: 
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Where, 

Ri---ith layer structure thermal resistance of barrel (i=1 
means lined, i=2 means thermally insulating layer, i=3 
means tube wall) ( 2 /m K W  ).  

i ---ith layer structure thermal conductivity of barrel 

[ / ( )W m K  ]. 

in ---the inner surface of lining’s heat transfer coefficient 

[ 2/ ( )W m K ].  

ex ---the outer surface of the cylinder wall’s heat transfer  

coefficient[ 2/ ( )W m K ].  

Rex---the outer surface of the cylinder wall’s thermal 
resistance( 2 /m K W ). 
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d0, d1, d2, d3---lining, thermal insulation layer, surface of 
the cylinder wall’s  inside diameter and surface of the 
cylinder wall’s outside diameter(m). 

The formula of each layer’s heated temperature:  
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Where,  

Tcj --- j’s heated temperature (℃).  

Tg --- flue-gas temperature（℃）.  

Ta --- air temperature（℃）. 

Rtot --- total thermal resistance which contains lining, 
thermal insulation layer, cylinder wall or basic the ring wall 
and the ring wall of the lateral（ 2 /m K W ）.  

Ri --- ith layer thermal resistance（ 2 /m K W ）.  

Rin---the inner surface of the thermal resistance（ 2 /m K W
）. 

According to the formula (1)—(5), this paper utilizes cyclic 
calculation to calculate temperature difference between 
inside and outside of cylinder wall in three conditions 
which are intact lining and thermal insulation layer, exutive 
lining and intact thermal insulation layer, exutive lining and 

 

Figure 8. The Temperature Stress Nephogram 

thermal insulation layer. According to the calculation 
result, temperature difference between inside and outside of 
cylinder wall in summer is much less than it in winter. 
Therefore, this paper only simulates and analyzes the 
winter model. 

C. The Result of Winter Model 

This paper applies temperature load in three conditions 
which are intact lining and thermal insulation layer, exutive 
lining and intact thermal insulation layer, exutive lining and 
thermal insulation layer. Then this paper analyzes 
temperature stress which is generated by temperature 
difference between inside and outside of cylinder wall. 

1) The Temperature Stress of Intact Lining and Thermal 
Insulation Layer 

When the chimney’s lining is intact, the temperature 
stress nephogram shows in Figure 8.  

   From temperature stress nephogram, the maximum 
tensile (pressure) stress is much lower than standard values 
of prismatic tensile strength of concrete generated by 
temperature difference between inside and outside of 
chimney wall. Therefore, temperature stress couldn’t result 
in wall cracking under this condition. 

2) The Temperature Stress of Exutive Lining and Intact 
Thermal Insulation Layer 

When the chimney’s lining is exutive and thermal 
insulation layer is intact, the temperature stress nephogram 
shows in Figure 9. 

 

Figure 9. The Temperature Stress Nephogram 
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The temperature stress in 4.9m, 12.5m, 35m, 60m, 85m, 
110m section position has been analyzed and chosen 4.9m 
and 12.5m section position’s temperature stress nephogram 
which is shown in Figure 10and11. 

 

 Figure 10. The Stress Distribution in 4.9 m 

 

Figure 11. The Stress Distribution in 12.5 m 

   Accordingly, the tensile stress of cylinder’s section 
under 4.9m is higher than standard values of prismatic 
tensile strength of concrete. Therefore, cylinder wall could 
crack under this condition. 

3) The Temperature Stress of Exutive Lining and Thermal 
Insulation Layer 

When the chimney’s lining and thermal insulation layer 
is exutive, the temperature stress nephogram is shown in 
Figure 12. 

 

Figure 12. The Temperature Stress Nephogram 

The temperature stress in 4.9m, 12.5m, 35m, 60m, 85m, 
110m section position has been analyzed and chosen 85m 
and 110m section position’s temperature stress nephogram 
which is shown in Figure 13 and 14. 

Figure 13. The Stress Distribution in 85 m 
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Figure 14. The Stress Distribution in 110 m 

Accordingly, the tensile stress of every cylinder’s 
section is much higher than standard values of prismatic 
tensile strength of concrete. Therefore, cylinder wall could 
crack under this condition. 

. CONCLUSIONS 

According to condition check, detection, sample 
examination and finite element Analysis and Simulation of 
chimney, this paper gets the following main conclusions: 

(1)Influenced by cold snap in winter, chimney is 

working under high temperature flue gas and temperature 
difference between inside and outside of chimney wall 
would generate. Because the deformation is restrained, 
inside wall is constricted and outside wall suffer from 
tensile force. Wall of the lateral won’t crack until 
temperature stress is bigger than permissible stress. 

(2)Chimney cracks unilaterally by temperature stress in 
winter and concrete’s plastic deformation is easy to occur 
after cracking. Chimney creates a reverse temperature 
stress in summer. The reverse temperature stress lead to 
inside wall suffer from tensile force and outside wall is 
constricted. Wall of the lateral won’t crack until 
temperature stress of lining bigger than the tensile strength 
of concrete. Thus, unilateral fracture under the influence of 
reciprocation turns to crack through. Meanwhile, concrete 
shrinkage in solidification process can also lead to cylinder 
wall to crack. 
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