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Wind-induced Response Characteristics
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Abstract:

In order to keep stable operation of incineration plants, chimneys need to be structurally safe from earthquakes

and typhoons. To investigate the wind-induced response characteristics of steel chimneys with typical sectional shape

and height, a series of wind tunnel tests are carried out. In some cases, the equivalent crosswind force coefficient of a

steel chimney mounted on an incineration plant building is larger than that of an isolated concrete chimney.
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Table1l Sectional shapes and dimensions of wind tunnel models

Chimney Bui.lding Chimney | Chimney Aspect
No. | Shape | height, | height, | length | breadth, .
Hem) | hm) | (m) | Bem) | "
A0 | Square 60 30 30 5.0 6.0
Al | Square 60 20 40 5.0 8.0
A2 | Square 60 40 20 5.0 4.0
B1 | Square 80 30 50 5.0 10.0
B2 | Square 80 20 60 5.0 12.0
B3 | Square 80 40 40 5.0 8.0
Cl | Circle 60 30 30 7.0 43
C2 |Triangle| 60 30 30 8.0 3.8
D1 | Square | Same as A0 except the position (Corner of building)
D2 | Square | Same as A0 except the position (Center of building)
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Fig.1 Examples of experimental models

BB LI DIREN T 2 BRI 2 22501 b ER L 12k
RECTOIBELRAIETS, MEOHEE, Wt B=EZCOR
BREIE 2 R L 7o R 2§ 5, ZOERRICE- T,
RSP 2N AL ERT 2 3§56 Z e »iTa 5, KEN
RS EOEGE - FLE2IR T, BSE
T IRE— RV EBL, BEREBEZ POIEZED L H5F
WEEFRICE T 5, HIERRIIEZE S e v £ o 7R
FyzEFVvE LI,

FEL, HRTERZAEO Ty 7 « VAR E R I
BT 7o, EBBRIOMRIE 1/100 ¥ Uiz, SR
MR TRLEEX 5 T Y o EGHBATE & i L 7o e &
ZIYEHECLT, ZANYY— I T2 RTRYy 7B L

\ /

¥

wn
(e

N

(=)
ey
e

Chimney r

Heigt (m)
\

[\
S
>

._

S)
9)
N
5

(=)

2 -1 0 1 2

X2 EEE—F
Fig.2 Mode shapes



THPENT T > il — AR SR 0D S b B R

BB ERRNDREBRETIV
Photo2 Model in the wind tunnel

270° —»— — 4 ——-—! - - —<+— 9(0°

3 EEREME
Fig.3 Wind direction

CANTZ2HOTER LT (BE2), FEE#EO EIREIZ,
FJEHE T 40 m/s ~ 80 m/s IZHY ¥ 5, EEEMIZE 3 12
KT EIIER LT

3. AAHRER
3.1 REBIE

A= BIYYV—XBLUD LYV —XDENELA
7, A0 IZB VRN F 0° ~180° % 5° Z\w>L 10°
Yy FORERL, ZOMDIEATE LA 7I12-oWTE A0 D&
NEBREREBE I, ZHRNIVPKEL e TEINC
A Y 2 OO BB THEEE LI, MEX4 T =AEx
47D ClLy C2ig, AMmO0° ~180° % 10° ¥y FTH
BL, oA KEL ol RAMONBTY y F 2 H#lh<
Lico sHT 2 ENOEELYE 4  E51RT,

32 RANFREOES

SRS R O AR () KT, BRI S D
BIES IR @ R THRT e T35, HEXA T =f
B4 F7ORERERIE, B#MCHMMTs e L, mATD
X%D, YR LIZEADPR D,

JEF 0° H
q

5

4 RNDES (HBisHh)

Fig.4 Definition of wind forces based on structural axes

5 RAHDER (RH)

Fig.5 Definition of wind forces based on wind axes direction

Cr - Fx __ B
" guBH-1) YT quB(H-h)
e Mk o My
X guB(H - hy? Y guB(H - h)?
My
= e 1
M2 T B H — ) W
L S L S
C*X“S‘qHBaf—m C**“S‘qHBaf—m
Opm T M
C =X _C e A
Mxems = BH =Ry ™ T g B(H — by
oM
C = TZ 2
YA Gy B (H = b @

ZZ2lg,

Cr PR IRE

Cu el e — X > MMREL, IR £ — 2 >
I~ REL

CErms . ?%ﬁ@kjﬂ%iﬁl

Chrms © 2R — X > MREL, B D £ — X

> MRE

Forgmdy

M : PRl — A > b 73R £ — 2 >
]\

JFE £ No. 25 (2010 4£ 2 H)



THPENT T > il — AR RIS 0D ST S B R

or . ZHE S

om : ZEEEHIE— X > b I 3EEHR) T — A >
}\

B : fZE DR ZIE

g - FEZETE S S 12813 2 P (N/m)

1
41 = 5Pa Vi?
ol an

Pa » ZEXGEE

Vi @ PEZETEAR e S 1B 1 2 EAEEE (m/s)
33 AEER

FEZEE S COFEIEIRODE I & 3 FE R R E e 288
NRBWCEBR T %, EATE24 7OREL L TAO ¥ B,
Mg & 4 7 Cl, IE=MAE &4 7 C2 DL EARE e ZH)
BAOFEBER6I12E£T, 27z, B0 Y—2_7 | v
ErR7I12ET, &8, BEMEREFESEL2 D], D20
HIERERIZ OV TI A0 X IZIFRREDFERIE S T/ BT
%,

O EHEL2A4760m (A0) &, JESEOFEE RS, Bl
RA ORI 2 b IZJmA 90° f3iE THRAIZHR 5,
iz, ZERENBRBUIAERZAROTBREV, 20
HEZESTE X 4 7 80m (B LFEMETH 245, AN
FRELDMEIZ 80 m DIEZES 60 m DEZE R [-[[] h, KE I
EXRFAOLEHES ) THEETH 5,

2.0 = CFX (A0)] 0.4 s CFX (A0)
15 Jm; ACFY (AO)[| ACFY (A0)
1.0 Tm—, o CFX (B[4 0.3 o CFX (B1)
z 05 ] éACFY BHHH aCFY (B1)
200 R =g N E 02
ULL 05 ‘. L . A U*
'y LI
-1.0 o o N 0.1
-15 A4
2 * |
0 90 180 0 90 180
Wind direction ( °) Wind direction ( °)
2.0 0.4
1'3 03 "CFD (C1)
P e il ' acrL )| ||
z 0.
:;j: 0.0 P NPUVWUN 50'2 ‘:.:-
O 205 © a1
-1.0 o) fum2m1y e
_1'5 = CFD (C1) | | ’
_2‘0 ACFL(CD)| | |
0 90 180 0 90 180
Wind direction ( °) Wind direction (°)
2.0 0.4
1.5 _ e =CFD (C2)
L0 e wws o 0.3 R iy
z 0.5 o A A A A ) N
R — £ RPN I Chl WL
< <
Q05 A “ ) s mgmgm Y .
-1.0 0.1 4ast L
15 = CFD (C2)[| |
20 A CFL ()| ] A P
0 90 180 0 90 180

Wind direction ( °) Wind direction ( °)

X6 THRIFEEEER IR
Fig.6 Mean and fluctuating (rms) wind force coefficients

JFE R No. 25 (2010 452 H)

10° T T
Fx
=10 F{———Fy =
; =
= 10° L L) )
=t f 2
) / =
S 10° =
Sl =
% 104 9 10*
A0/90° B190°
10° 10°
10 10° 107 10" 10° 0% 10° 107 10" 10°
1Bav, Bav,
10° \ \ 10° I I
----Fp . ——-Fp
= 10" Fr = 10" FL
S 3
= 102 %102 g '
s p s L
= 107 y < 10
10* 10
C1 1R0° , C2120°
s 10° "
10 10* 10% 107 10" 10° 10* 10° 107 10" 10°
/Bd/V, /BA/V,

7 BADINT—IRYT MUVBE
Fig.7 Spectral density function of wind force

2 FEx4760m (CD (I, E5HOFEES )@ 45°
e, BB M OZEESTEEN 120° 138 T
N T

(3 E=AFL41760m (C2) T, JEAGIZNT 3@ 1%
BUTFIE 120° T 22 kT 225, JA O TEEI T
—NZERST 2 MBI, ZEBE )R T 120°
THRKIZH 5, JRERZMOZENE I 80° (3L T
N T

4) mEETMOZEEEE, Av= il RonsfE
WIS TY— 2 26T 3 2x2 FVERETRT, 20
E— 2 OMED KNGS, JEBHRZ SRS O KNI RIS L
T3,

6y EAEL47 (A0, B DZRRZ FVBIRE KT 2
¥, MREOEHESHELS R2ILoNT, Bf v —
AT FWVEBED ANV RSO — 2l K E L
kBEEDH B, HEXA 7 (CD 13, A=< ik
KT B A 120° B LN 180° TH B, IE=F
EBx47 (C2) 1%, MIERT R TDAAINVT
G DS BNz,

6 Ara—rvid, EfAEZXATTIEVTARD 010 ~
0.12 LR, MIEx 47 (CD Tl3 015~ 018 FLETH
D, JEANZ & > TARY FVBIRIZR 3 28221
%, E=fAE 247 (C2) TIFIZERT 2J8E[MTO
HA B — VDR TE, 01BETH-T2,

(7 e R TID 6 & TREORIT S ITHE T 556 &
DLBHFIAIET 25D, A< BRSSP EETH
D, BE> L OHEHROREE LB R ) O MR
%,



THPENT T > il — AR RS 0D S b B R

4. RIGERER I EEEEPEE — A > b (sppd(H—H)/3)
I, R REEIEE — X > b (=pdB(H-h)/2)
4.1 HEREIE HAURLERIEER - paB (H=h)

py - YIS

FUSEEERTIE, NP ZRELIERE R, - —%
fiEHz & D RERLG RO TEHISEEN 2 HE T 5, HELO
MIPEEHR S 2T, RISV a v A A vic &k - THRET 5, Chimney model
KRB OB SR YR 8 12/ T, A 2B 3 2 ML S
FA—=205bL, BRIEDZVIZEEEEEE— X2 F 22—
S ICIHLC, Rov— b MRS €D 2 Building model Object for lazer
LOBEY Lz, 22—k 8S13 @) iz & > 70, B Damping device
FERUL, 05%, 1%, 2%D3 ¥ BH ¥ Lz, KAEBROR ﬁﬂ“ on oil
HRlEMEE— X > b, BETHE LR 7 v— b B Spring *  Laser disp.-meter
WY OHBER 2 IORT . ERE AN HROFEL Y, , | ]

Wind tunnel floor

INED R 5 ¢ TS N3 Il 2 EEE LTz,

S, = 2nl X % .................................... 3)
’ 8 IRBRBEE
22, TR Fig.8 Setup for wind-induced response tests

K2 ERETIOERFERRE

Table 2 Comparison of dynamic characteristics of full-scale chimneys and wind tunnel models

Full-scale Values Model
Natural Roll moment Dampin, Roll moment Dampin, Equivalent
Type frequency, f, | of inertia, /, rati(li (g Scruton of inertia,(Z}),, rati(I)), Cg Scruton I;lamping
(Hz) (kg - m?) %) number, S, (- om?) %) number, S, ratio (%)
0.5 28.4 — — — —
A0 1.56 3.099x107 1.0 56.7 2.44x10* 1.7 57.0 1.0
2.0 113.4 2.55x10* 32 112.0 2.0
0.5 38.2 5.41x10* 1.3 56.4 0.7
Al 1.27 7.424x107 1.0 76.5 5.52x10* 1.7 77.0 1.0
2.0 153.0 5.52x10* 32 147.5 1.9
0.5 17.9 1.44x10* 0.5 18.3 0.5
A2 2.21 0.868x107 1.0 35.8 1.56x10* 0.8 354 1.0
2.0 71.6 1.56x10* 1.6 69.5 1.9
0.5 59.1 7.17x10* 14 55.6 0.5
Bl 1.03 17.933x10’ 1.0 118.2 7.28x10* 2.9 115.4 1.0
2.0 236.4 7.28x10% 5.9 236.8 2.0
0.5 77.7 20.80x10* 1.3 107.1 0.7
B2 0.95 33.888x107 1.0 155.4 20.91x10* 1.9 152.9 1.0
2.0 310.9 20.91x10* 3.8 311.7 2.0
0.5 38.2 5.41x10* 1.0 37.9 0.5
B3 1.27 7.242x107 1.0 76.5 5.52x10* 1.3 72.3 1.0
2.0 152.9 5.52x10* 2.6 148.8 2.0
0.5 13.8 3.09x10* 1.1 17.4 0.6
Cl 1.64 4.122x10’ 1.0 27.5 3.21x10* 1.7 28.0 1.0
2.0 55.0 3.21x10* 33 53.4 2.0
0.5 54 2.47x10* 0.7 6.3 0.6
C2 2.04 2.403x10’ 1.0 10.7 2.59x10* 1.3 10.9 1.0
2.0 21.5 2.59x10* 2.4 20.5 1.9
0.5 28.4 — — — —
D1 1.56 3.099x107 1.0 56.7 2.44x10* 1.7 57.0 1.0
2.0 113.4 2.55x10* 32 112.0 2.0
0.5 28.4 — — — —
D2 1.56 3.099x107 1.0 56.7 2.44x10% 1.8 59.5 1.0
2.0 113.4 2.55x10* 3.1 108.5 1.9
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Fig.10 Equivalent crosswind force coefficient
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