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Abstract- Chimney is a tall slender structure and the primary function of the chimney is to discharge pollutants into the 

atmosphere at such heights with sufficient velocity such that the gases and suspended solids (ash) are dilute due to 

atmospheric turbulence and concentration of pollutants are deemed harmful to the environment over a defined spread 

such that their concentration, on reaching the ground is within regulatory limits. Chimney have different associated 

structural problems and must therefore be treated separately from other forms of tower structures. Damage to the 

chimneys leads to shut down of the industry and power plants. So, structural health monitoring of RCC chimney is 

required for find out the stability, service life and condition of RCC chimney. This paper proposes a wireless micro 

electro mechanical system (MEMS) inclinometer sensor for structural health monitoring (SHM) that can be applied to 

RCC chimney subjected to various loadings. Inclinometer sensor used in this study for finding out the deflection of 

chimney and check the deflection data given by the sensor with the deflection value calculate by the classical approach 

using codal provision standards and STAAD Pro. This type of in-situ, non-destructive structural health monitoring is 

implemented for stability check of RCC chimney. 
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I. INTRODUCTION 

 

Chimneys are very important structures for the emission of poisonous gases in major industries and power 

plants. After realising the urgent need to restrict the pollution levels, chimney height is being rapidly increased. As large 

scale industrial developments are taking place all around the world, a large number of tall chimneys would be required to 

be constructed every year. Chimneys are classified in based on construction material, structural support, lining and 

number of flues. Chimneys are special structures subjected to many different unconventional loading conditions. 

Analysis and design of chimney depends on various factors such as wind force, seismic force, temperature effect, types 

of materials used and cross sectional area of the chimney. The combustion flue gases inside the chimney or stacks are 

much hotter than the ambient outside air and therefore less dense than ambient air. This causes the bottom of the vertical 

column of hot flue gases to have a lower pressure than the pressure at the bottom of the corresponding column of outside 

air. The higher pressure outside the chimney is the driving force that moves the required combustion air into the 

combustion zone and also moves the flue gas up and out of the chimney. If Damage occurred in chimneys due to some 

circumstances so it can stop the work of the plants. So, for that health monitoring of structure is require for damage 

identification, in which certain strategies are implemented for determining the presence, geometric location, estimate 

severity of damages and evaluate remaining life of structure after the occurrence of damage. 

 

II. MODELLING 

 

2.1. All data is given by USHTA INFINITY 

 Height of concrete chimney = 125 m 

 External diameter of the shaft at top = 3.6 m 

 External diameter of the shaft at bottom = 10.6 m 

 Thickness of concrete shaft at top = 0.3 m 

 Thickness of concrete shaft at bottom = 0.6 m 

 Grade of concrete = M25 

 Fy = 415 n/mm
2
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            Figure 1. Chimney model                                                             Figure 2. Rendered view 

 

            
 

Figure 3. Plate properties of chimney 

 

2.2. Codes and standards 

To help ensure safety and better quality chimney structures, several countries have already adopted codes and standards 

for design and construction of chimney. Few of them are as below: 

IS 4998 (Part-1):1992- Criteria for design of reinforced concrete chimneys 

IS 1893 (Part-4): 2015- Criteria for earthquake resistant design of structures 

IS 875-1987: Part-1(Dead loads-Unit weights of building materials and stored materials)-“Code of practice for design 

loads (other than earthquake) for buildings and structures” 
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IS 875-1987: Part-2(Imposed loads)-“Code of practice for design loads (other than earthquake) for buildings and 

structures” 

IS 875-2015: Part-3(Wind loads)-“Code of practice for design loads (other than earthquake) for buildings and structures” 

IS 875-1987: Part-5(Special loads and load combinations)-“Code of practice for design loads (other than earthquake) for 

buildings and structures” 

 

2.3. Load consideration 

The various governing loads to be taken into account for analysis of chimney shall be as follows: 

Dead load 

Live load 

Wind load (IS 875:2015, Part-3) 

Earthquake load (IS 1893:2016, Part-1) 

Temperature effect 

 

2.4. Deflection calculation  

Deflection at any section in terms of “x” in cantilever chimney due to uniformly varying load is, 

(W0 x
2
(10l

3
-10l

2
x+5lx

2
-x

3
))/120lEI 

Here, W0= Maximum intensity (N/m) 

          E= modulus of elasticity 

          I= moment of inertia 

          l= length of structure 

          x= length of any section of structure 

 

III. INCLINOMETER SENSOR SYSTEM 

 

A sensor is an electronic component, module whose purpose is to detect events, changes in its environment or 

changes in quantities and send the information to other electronics, frequently a computer processor. 

 

3.1. Inclinometer sensor specification 

 Wireless inclinometer sensor based on MEMS technology 

 Bi-axial ±30º measurement range 

 Low duty cycle data acquisition mode: 1s to 24 hours 

 Storage capacity: Up to 1 million data points 

 Operating temperature: -20ºC to 65ºC 

 

3.2. Methodology 

 Select suitable locations on chimney 

 Installation of inclinometer sensor at selected locations 

 Set up of data collection system for installed sensors 

 Collection of data frequently 

 Find value of deflection for particular location from the collected data  

 

 
Figure 4. Inclinometer block diagram 
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At actual site, data collecting using inclinometer sensor. 

 

 
 

Figure 5. Collecting data using inclinometer sensor  

 

 

 
Figure 6. Collecting data using inclinometer sensor 

 

 

 

 



International Journal of Advance Engineering and Research Development (IJAERD) 

Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406 
 

@IJAERD-2018, All rights Reserved  993 

IV. RESULTS 

 

At 40m height of chimney:- 

 

                                   
 

Figure 7. Node deflection of chimney at 40m height 

 

 
 

Figure 8. Sensor deflection data of chimney at 40m height 

 

Compare sensor deflection data with STAAD result and manual calculation at 40m height of chimney is as below: 

 

Table 1. Deflection at 40m height of chimney 

 

 Sensor data STAAD result Manual calculation 

Deflection (in mm) 17.659 28.765 26.280 

At 80m height of chimney:- 
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Figure 9. Node deflection of chimney at 80m height 

 

 
 

Figure 10. Sensor deflection data of chimney at 80m height 

 

Compare sensor deflection data with STAAD result and manual calculation at 80m height of chimney is as below: 

 

Table 2. Deflection at 80m height of chimney 

 

 Sensor data STAAD result Manual calculation 

Deflection (in mm) 35.208 112.664 124.42 

 

 

At 120m height of chimney:- 

 

35.04

35.06

35.08

35.1

35.12

35.14

35.16

35.18

35.2

35.22

9
:0

0
:5

9

9
:3

0
:5

9

1
0

:0
0

:5
9

1
0

:3
0

:5
9

1
1

:0
0

:5
9

1
1

:3
0

:5
9

1
2

:0
0

:5
9

1
2

:3
0

:5
9

1
3

:0
0

:5
9

1
3

:3
0

:5
9

1
4

:0
0

:5
9

1
4

:3
0

:5
9

1
5

:0
0

:5
9

1
5

:3
0

:5
9

D
ef

le
ct

io
n

 

Time 

Deflection vs Time
graph



International Journal of Advance Engineering and Research Development (IJAERD) 

Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406 
 

@IJAERD-2018, All rights Reserved  995 

            
 

Figure 11. Node deflection of chimney at 120m height 

 

 
 

Figure 12. Sensor deflection data of chimney at 120m height 

 

Compare sensor deflection data with STAAD result and manual calculation at 120m height of chimney is as below: 

 

Table 3. Deflection at 120m height of chimney 

 

 Sensor data STAAD result Manual calculation 

Deflection (in mm) 52.782 237.624 244.66 

 

V. CONCLUSION 

 

 Deflection values at selected locations are found within permissible limits as per Indian standard code, so it is 

safe. 

 Structural health monitoring using wireless inclinometer sensor is in-situ and non-destructive tool for ensuring 

condition of structure, stability check and serviceability of structure.  

52.55

52.6

52.65

52.7

52.75

52.8

8
:4

0
:5

9

9
:1

0
:5

9

9
:4

0
:5

9

1
0

:1
0

:5
9

1
0

:4
0

:5
9

1
1

:1
0

:5
9

1
1

:4
0

:5
9

1
2

:1
0

:5
9

1
2

:4
0

:5
9

1
3

:1
0

:5
9

1
3

:4
0

:5
9

1
4

:1
0

:5
9

1
4

:4
0

:5
9

1
5

:1
0

:5
9

D
ef

le
ct

io
n

 

Time 

Deflection vs Time
graph



International Journal of Advance Engineering and Research Development (IJAERD) 

Volume 5, Issue 04, April-2018, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406 
 

@IJAERD-2018, All rights Reserved  996 

REFERENCES 

 

[1] Alok D. J., Ajay G., Eshan G. and Anant G., “Design wind loads on reinforced concrete chimney – an experimental  

case study” Science Direct, Procedia Engineering, vol. 14, pp. 1252–1257, 2011. 

[2] Dr. Maciej W., Msc Grzegorz N., “GNSS based structural health monitoring system for high-rise concrete 

chimneys” Research gate, International Multidisciplinary Scientific GeoConference, June 2014. 

[3] M. El Alami, M. Najam, E. Semma, A. Oubarra, F. Penot, "Chimney effect in a „„T‟‟ form cavity with heated 

isothermal blocks:the blocks height effect”
 
Elsevier, Energy Conversion and Management, Vol. 45, pp. 3181–3191, 

January 2004. 

[4] Subramani T., Shanmugam P., “International Journal of Engineering Research and Applications (IJERA)”, Vol. 2, 

Issue 4, pp.154-161, August 2012. 

[5] Mohd. Mohsin K., Dr. Amrit Kumar R., “CFD simulation of wind effects on industrial RCC chimney” International 

Journal of Civil Engineering and Technology(IJCIET), Vol. 8, Issue 1, pp.1008–1020, January 2017. 

[6] Dae Woong Ha, Hyo Seon Park , Se Woon Choi and Yousok Kim, “A wireless MEMS-based inclinometer sensor 

node for structural health monitoring” Sensors, Issue 13, pp. 16090-16104, November 2013. 

 

 

 

 

 

 

 


