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Parameter analysis of mechanical performance of reinforced

concrete chimney openings
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Consulting Group, Changchun 130021, Jilin, China)

Abstract: In order to explore the most important parameters that affect the stress concentration
phenomenon at the opening and the design method for the reinforcement of the opening, a scaled
model test was carried out firstly, and the stress state around the opening was analyzed. By
comparing with the numerical simulation results, the accuracy of the analysis method was
verified. Subsequently, 49 numerical analysis models with different parameters were established
and static elastic-plastic analysis was conducted. The effects of chimney wall thickness, wall
diameter, opening size, and opening spacing on the stress state around the opening were studied

separately. The main parameters that affect the stress concentration phenomenon at the opening
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were determined, and suggestions for the opening limit value were given. A design method for

dense reinforcement were proposed. The results show that when the chimney has only one

opening, the center angle of the cross-section of the opening should be less than 70°. When there

are multiple openings, the whole central angle of all openings should be less than 140°, and the

spacing between the openings should not be less than 0.5 times the lateral width of the opening.

The range of reinforcement area for circular openings should be 4.5 times the wall thickness, for

rectangular openings should be 3. 5 times the wall thickness, and for additional reinforcement

bars, 1. 3 times the reinforcement ratio for non reinforcement areas should be taken. The dynamic

response analysis under earthquake action has verified that the proposed reinforcement method for

the opening can effectively reduce the degree of stress concentration around the opening and

improve the mechanical performance of the section where the opening is located.

Key words: reinforced concrete chimney; parameter analysis; stress concentration; scaled model
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Table 1  Model size
B | R /m WL BE /| BEJEE/ AhEAE/mm
mm mm JiE# ot
7 205~240 400. 0 6.25 | 125.000 125. 000
6 165~205 400. 0 6.25 | 125.000 125. 000
5 126 ~165 400. 0 6.25 | 125.000 125. 000
4 99~126 400. 0 6.25 | 125.000 125. 000
3 80~99 400.0 6.25 | 125.000 125. 000
2 33~80 587.5 7.50 | 142.625 125. 000
1 0~33 412.5 8.75 | 155.000 142. 625
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Fig. 1 Experimental and numerical models
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Fig.2 The first three vibration modes of numerical
analysis model
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Table 2 Comparison of the first three natural frequencies

A | ARG B/ Ha | B RSB/ Hz | AR 322/ %
1% 2. 44 2.57 5.33
2 By 13.67 12. 30 10. 20
3 B 34.18 34.54 1.05
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Table 3  Strain around hole
WAL E | BRI A /100 | REASBEAUE /100 | MHXFR 2/ %

T 1 —1035.53 —780.16 24. 66
s TR O 2 —541.52 —518. 19 4.31
it TR 3 —505. 86 —472.91 6.51
it TR 4 —850. 58 —676. 11 20.51
Jifls T3 F1 5 —531.79 —511. 31 3.85
JEE I 6 —894. 82 —780. 67 12.76
R E 7 —411.15 —416. 14 1.21
JEE I 8 192.19 175.73 8.56
JEE I 9 179. 48 178. 28 0. 67
JH3E R 110 187.33 135. 36 27.74
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Fig. 3 Strain change at opening
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Fig. 4 Datum model and coordinate system regulations
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Table 4 Detailed dimensions of parameter analysis model

FE | HAE/m| WE RS T JE 2

1-1 18 D=6 m FKFWLE FL(T=500 mm)
1-2 18 D=8 m IR FL (T=500 mm)
1-3 18 D=10 m K XUR L (T=500 mm)
1-4 18 D=6 m 1 fi] SR L ( T= 500 mm)
1-5 18 D=8 m 1 i) WG L (T=500 mm)
1-6 20 6 mX12 m IS SUEFE FL (T=500 mm)
1-7 20 6.4 mxX18 m| JKFEIIEEFL(T=500 mm)
1-8 20 6 mxX12 m 1 1) AR B FL (T=500 mm)
1-9 20 6.4 mX18 m| "mIEIEFL(T=500 mm)
2-1 20 D=6 m B[ L G E LG £ 357D

2-2 20 D=8 m PAE LG L £ 450)
2-3 20 D=10 m FAR FL G RO R 550)
2-4 20 D=11.5m BRG] FL G TR0 A 65°)

2-5 20 D=12.5m B[ L GR E LG £ 707D

2-6 20 D=13 m PR L IR [0 75°)

2-7 20 D=14 m B[ FL GR ET R0 £ 807D

2-8 20 D=9 m B E LR FL G E LG £ 100°)
2-9 20 D=10 m B LR AL GG £ 1207
2-10 20 D=11.5m | 5% 38X E LG H . 1307
2-11 20 D=12.5m | B{@WEFLGR F R M 140%)
2-12 20 D=13 m B 3E R FL G T [ELes A 1507)
2-13 20 D=14 m B3 RUE L Gl 1RG£ 1607)
2-14 20 D=6.2 m FENALS S —pflEE
2-15 20 D=4.7m BUIE AL AT T 55 — X 3L
2-16 20 D=4.7m B WAL T 55— % AL
2-17 20 6.4 mxX18 m AR Y L G T [RCs £f 35°)
2-18 20 9 mX18 m BT FL IR D3G50
2-19 20 |10.5 mX18 m|  HHFIEFL R E L 60
2-20 20 |11.5 mX18 m|  HHIEZAL Gl H L 65
2-21 20 12 mX18 m SR IE AL GIR O RLG ff 70°)
2-22 20 13 mX18 m FUE B L G TG ff 75°)
2-23 20 14 mX 18 m AR TR AL GR T RLC f 80°)
2-24 20 9 mX18 m | BT XU IE AL Gl F &G ff 100°)
2-25 20 |10.5 mX18 m| Bt AU I AL Gl A 8.0 F 120
2-26 20 |11.5 mX18 m| 5% S I AL G H LG fi 130°)
2-27 20 |12.5 mX 18 m| Bt B I FL G O3 140
2-28 20 13 mX18 m | BTl XA AL Gl F LG £ 150°)
2-29 20 14 mX 18 m | B @ S AL G H R fi 160°)
2-30 20 |6.2mX12m| BHAMILHESH —HILEH
2-31 20 [4.7mX12m|  BOEMALTFATF 5 — XL
2-32 20 |4.7mX12 m| B AALEE T 5B — 3oL
3-1 18 D=8 m AR FL(T=600 mm)

3-2 18 D=8 m B L (T=500 mm)

3-3 18 D=8 m R fL (T=400 mm)

3-4 18 6 mX12 m HIE AL (T=600 mm)

3-5 18 6 mX12 m HEIEFL(T=500 mm)

3-6 18 6 mxX12 m A IEFL(T=400 mm)

4-1 18 D=8 m B FL(T=600 mm)

4-2 20 6 mxX12 m HUEIEFL(T=600 mm)
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Fig. 5 Core concrete layer stress cloud map
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Fig. 6 Schematic diagram of stress concentration factor

calculation method
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Fig.7 Stress concentration factor of single circular opening
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