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Development of New Type Communication Tower to Prevent Vortex-
Induced Vibration
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Abstract:

In order to establish cost-competitive communication tower with low life-cycle cost, JFE Engineering devised
single-pillar tower that can suppress resonance due to vortex excitation, which is the problem of single pillar, and
conducted wind tunnel experiments and numerical fluid analysis.

It was confirmed in both experiments and analysis that resonance due to vortex excitation during wind action was
dramatically suppressed by forming a taper on the upper part of the tower. New type communication tower in which
life cycle cost and construction period can be reduced compared to the conventional truss type could be put into

practical use.
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Table 1 Existing communication tower

Steel tower type Truss type

Four pillar type Conventional one pillar type

Appearance

Component parts Angle steel or steel pipe

Four steel pipes One large diameter steel pipe

-, O VAN X
Initial (Steel weight ratio: 100) (Steel weight ratio: 110) (Steel weight ratio: 200~300)
Cost A O O
Maintenance (Repainting during service (Repainting during service (Repainting during service
: Twice) : Unnecessary) : Unnecessary)
Aesthetic VAN O O
Comprehensive evaluation O O A
Lift force (Orthogonal Karman vortex D d=2.0(m) d d TMD
to the wind) N A +‘$ é__
DD A H E
O D —
g
L
NN/ |2
— . E| 34m) D
! \/ \/ Time AN — L L] L I
Il [AYY [AYY
T
1 AR VBICE BIIRRED A H XL 2
Fig.1 Mechanism of resonance by Karman vortex Z’
I
T
D D
A e Ty i Y e
* + é Vortex-induced
- vibration ;
H,=12 mm _y%. g ook M Primary mode) _ Cylinder tTop Btottom tAll z:}(;i;:)d
D,=22.5mm = o aper aper aper
B
Z Deformation 3 ISR DOBE
S 003 at resonance B . .
I E Fig.3 Outline of countermeasures
! = Vortex-induced
§ vibration
D _; 0.02 (Secondary mode) 4
1 < ST
ol o W) SHROTR ‘\
S o1k i 48— OIREET LT, BIUTHITEEZ KRS T5700
7 I, BB R THRER CRE EEIRTRE L R 34 m &
=] Y D
e 7 J D Mt U, & 600, REERE D L ORREL KT 5
L _
VST 05 10 1520 25 30 35 p It @I T — 38— (ERD 2RAT 5, 7— =02

Non-dimensional wind speed V/f,;D;

2 BRNRERESR Lz ERSERA

Fig. 2 Vortex-induced vibration in wind tunnel experiment"

JFE R No. 50 (2022 4£ 8 )

FFETL, —RERROMR: (Cylinder) 123 L CIBBHRD 1M
WHZAET 5 2 ¢ HBHEOIZ? THERS TV 5, 127101,
#7 — %= (Top taper) I2BHT 2MEHI N E TICiEW



TRIBIRES 1L ERREREE 0 BHFE

e, Fiicir RIS X 2 IEHROMHIENR AR T & 2,
(2) #HEE TMD (Tuned Mass Damper) ODiXiE
e RO AR O 7: o IV 65415 TMD % HERR
PESIHEN T %, 728, TMD (ZEWITER O 853 O R E)
WA T, BN A KRS A R TH 5,
ERERHOIRIC & 2RI & 2 RO HHIRhH 2 iR §
iz, RS BRI 72 2 2 L 7oo ARRETC
WFRFICHIERD & > 1SR O TR DR R 2k~ 2

5. RRRER

Wi TR L2 8EERIR (X 3) 120 L RSk %17 -
7oo ARETIE, HBPOMELLEICEE OMHIE)HE 2 MR T
7 BT — /8= LTk 3,

51 RERBIE

KRS TR - BT A > & — O KRBEL R
SRR LT - 7oo FEBREIRIZ R AL X /) A 0 5%
Stage Antenna  TMD model
D d =20 (mm) d d d
R ¢+ Lo ¢4 ¢4
K M p IIE
o [ manmi |
minn| [ mumi [imunn]
7 o pern P
2 g
g
=g
% = HH HH HH HH
T
E D| D= D D D
= 34 (mm)
lTrll') [ 22 ] *e o= [ o2 ] *e
T

Model 1 Model2 Model 3 Model4 Model 5

M4 RERETIVH
Fig.4 Experimental model

R2 FRETRRE ERITEIRDE R
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Table 3 Comparison of applied effects

Steel tower type Truss type

Four pillar type

New one pillar type

Appearance

Component parts Angle steel or steel pipe

Four steel pipes

One large diameter steel pipe

Initial ™' © - o
(Steel weight ratio: 100) (Steel weight ratio: 110) (Steel weight ratio: 80)
Cost A O O
Maintenance™ | (Repainting for 50-year service period | (Repainting for 50-year service period | (Repainting for 50-year service period
: Twice) : Unnecessary) : Unnecessary)
Aesthetic VAN O O
Comprehensive evaluation O O ©

#%1: Estimate based on a case with a foundation size of 14 m X 14 m

%2 Estimates based on the use of the following materials: Four pillar type and new one pillar type are weather-resistant steel plates, truss type is

ordinary steel plate

JFE % No. 50 (2022 £ 8 J1)



BRI USRI RS D il FE

EE3 #%EEAKR

Photo 3  Steel frame erection

FRBE ORI 2B 05 LA L T b, i LPEICEEL T
b, B ARRRIBEES IS b o A BB ¢ bR L CER M R
Dl cEsicw, BTHREEETE 5,

RARMFOBE

B AL TRIE LIOEEIRE GB 15 ofE 2T
R,

7.2

cES:88.75m

- JERET 4 20 IE 14.0 mX AT 14.0 mXJE S 3.0m

< XTRIT TIN5 5

M ER 230t (T FERNHR T -V, BB
ARG C TR TG R A VG U O AR L, MRS
Bilhca 2@y L CE T SEREREXIG L2 ¢ T,
AFIEDORHFT OZLUPES NI TERE S Nz,
BEE3IC2019F 11 Ho#BEETRNEZRL, BE4IC
TEWRBONRAEE 2 RT, B b7 ASIE HiE L ¢, &K
PRES I AR SIER I 2 v 82 FTH B, 2 EHEDTER
NR=2%BHSIIRT, @#MIr=2a—-F @H) T
Hote, APEDa Y FSEEPL, 2— FEEE R
LEFIHR T2 =— X2 b L2 b i,

8. HbYIc

T4 7H4 23R Oz VARSI LT, 1K
PESORE T H B IHIHRIC & 2 IR ZBGIE T3 B BktE &
EL, UTFofREyE N,

1) EH7— =% 5 ¢ CREFNOMENEIC & 53
RO KIFICHIRI S5 2 ¥ 2528, T oW C iR
Ta7,

(@) WO IR & D, SMEEIIEORD 1 AR ¢ g

JFE R No. 50 (2022 4£ 8 )

BEH4 1 SHONREE
Photo 4 Appearance of first project

BE5 %2SHONE/—X

Photo 5 Appearance of second project

L CRIBICEIR L, TERD F o 2% 4 FO8kEs e gL
Th, 4794 2032 R 2 BIEKC & 72,

(3) KROIZEMEZ M\ 5 2 ¥ THMED D L, ZERME
Tl b o 2w Pl L OO IR 2 RIE I HTR T &
726

@) EELdAKFREIC LD, REED
IZFRD b AT,

6)iﬁ%uw%b7z%%szbfﬁ%ﬂﬁ:yﬁﬁ

Mz 6 s 0T, BEERNOBRE ZIREICE)
T%&
SREG L N AR Y b eI, AELIILOREEY)IC b

PP 2 HER L T L FIETH 5

Bt OB



TRIBIRES 1L ERREREE 0 BHFE

B 3) AABHGEHS. MHEYomm T2 55 1K, SatBER AR,
1997, 688p. (p. 58.)
ABHFO BIAERIZ, Bal LERE LR R m
BRI CIRE WP 3 2 Lic, 22l L UEH o=
BHRLET,

BEXH e |
D A, BRI, ACKFEER. BSIKEERIR & 7 IR & ey
B R O FBFE B 5 F15. 1A 2. 1998, no. . . 3
591, p. 163-173. "\ ‘4\.
2) WHES. 77— =2 FAEOMWR. HAR T AR5 1994, no. 59, } :
b 19050, = S A i s Sk T

— 87— JFE £t No. 50 (2022 4F 8 H)
Copyright © 2022 JFE Steel Corporation. All Rights Reserved. ZXfE[Hilin



