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In the future, skyscrapers or large structures will become lighter and
more flexible. In order to clarify the aerodynamic behavior of such
structures by wind tunnel test, flexible, low-density square prism models
were developed using polyurethane foam. In this report, mechanical
properties and bending vibration characteristics of the models are
investigated by material tests and vibration tests. The results show that
the models can be treated as uniform and elastic within the range of the
deformation occurred by the across-wind aerodynamic vibration. It is
shown that, bending vibration characteristics can be evaluated using the
Bernoulli-Euler beam theory.

1. #E
A, O @ EALPR RIS, BUSZRZE SR BRIk o FEAf
MEEL o TS, RIS, WEMESCT 7 v 2 —7p L, RER <
BNH ML 22BN AL ERBOBFHIARD TEECTH D & 52
. ZhHOZEARBEMICE L T, Eicw v o S REEANA
B DR BOE T OARBE I AT 99 2 B 72 22 S HREN FBR IS L 0 AR 23
WHHNTE 5% b, EYolEY O T2 5 BEE L - BRI
e Z EAHEREND. Tz, B ORI IO I HE B E DO T 7
DALY R D HAL, KV, FETEE LT WY o BURE S
78 FJRE DOFEA & W S BE L 72 B RREME SRR S h w0 L
L, DekDZe HiREN TR T4 Tl R OB B IZRARH Y,
72, RO EGHA R E Y 2 AE L2, BT O B Rl &
BET LT D LIIREECTHL B2 BND.

FIT, EEDIE, vLH T — AEMBHI®RE L TER L3
WOLZE TR B A AR % AT, R TR s ) &2 48 L7
77225 N IREY FEBR O & 2 DISE L FIE DML &2 HAY & L7ZAFZEI
WMYAMA TS, LU, moFRIashE & sy O Eh R i 1
FBH L BRATEBNI RN LD, TLH T 5 — SRS
T o> 78 T IR B 2 /) O 3 G 72 REAL PR DO FENL R0, e K D 28 IR B KB

L DO =021, £, ME ORI O IR B R 2~ THE
BT OMENRDD. £ IT, ARTIE, —hER - SI9ERBICE 0 #F

BTHLU VE T — LORMEMEE 2~ TR L, A HRE)
KB OFRFIINIREBRIC L0 O L 2 o 7 4 — A AFERT o iih (5 2 )
DM Z FIANTAE RIS OWTHE T 5. 2035, AMICHIT 258925

BILOYREN R O EREEEX 20 CHiOENE L TEBY, YL X
7 F— LOYPEDIRERFEIZ O WDTIERFICRET L T e,

2. LAV IA—LARBREBLIUENRBEROME

KRTHI 250D L Z 74— LA DG E % Photo 1 TR
T EHLLOE Y, Wik 13 D=80mm O ESET, EINH=
480mm DT AT b6 DFFFHIEMNAHToH 5. AR TIX, Photo
I OFEORTIOM % LDU (Low-Density Urethane foam), Ao
RO L% HDU (High-Density Urethane foam) & FEOR, IF PU £8 A4
ANZSWTCIXZ 24 LDU 4, HDU %! & .53, HDU (X LDU &
DHERRE R LD Lo TD. 728, MEHTW TR L TR TH
v, LDU ZV a—2 V—78OEF AR Y, HDU 134 /T v 7
a—RLb— g VBRIOEHEE 7 +— L THD

LDU #73 L O HDU #7022 Sy iR B = BR OE B & 0L O % i il
WoRT. ZE N IRE JERRE, MTHAER TE () Ira o=y 7 = VAR
H BT B RIS B0 T, — BRI T S 7. o R 22 07 )
DM IE Fig.1 OBERERIZR 3 K 512 Ch.01 225 Ch.08 O 8 T D
B OFHAREAR T b Tng. ERTI, —EREoRET LY —
ZENEFHIC & 0 BRI O GRS B U B IRE BN A 5l L, ER EGE
Z L Cwvole. 7Y o 7 ENE 1000Hz T, 1OV 7L
ﬁimw&b5&@7y%ij$WTmK%ﬂﬁbkm@u;
LDU % & HDU #RIZ J6 1) % 22 ) HRB) SR C oo Jalikl & B D TH D

mhm&(hm)mﬂp@ﬁ@@mﬁﬁé%&@%%%%ﬁ.mm
5, EHLLOBEIZEB TS, FREOREEIZ B W CUSERIEON 6

ARGIER 6) ~ 11) ONED—ERIHi 72 20 F2hk -
U RS HEREZEAT OUHU TEEARERAERE) Bt (19)
(T 226-8503  ffpeififkIX Rt HNT 4259)
FE O LR AR BRI SE T R - M (1)
3 ﬁIJEEEuxIﬁEQHE) IClisat vy —
O LR BEHdE - 1T

IHHRER I MEIEZ A, THRK L 72b D TH 3.

*! KOZO KEIKAKU ENGINEERING Inc., M.Eng.
(Former Grad. Student, Tokyo Institute of Technology)
*2 Assoc. Prof., FIRST, Tokyo Institute of Technology, Dr.Eng.
*3 ICI Center, Maeda Corporation
*“ Emeritus Prof., Tokyo Institute of Technology, Dr.Eng.

609



0.92H .
CH.04 CHO1

0.71H

H 0.50H
(=480 mm) -

0.33H

0.17H .
Chio8 CRO03

(=80 mm)

Fig.1 Side of model and
measurement points

Photo 1 Square prisms made by
polyurethane foam

Maximum response [mm]| Maximum response [mm]

45 45
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Wind velocity [m/s] Wind velocity [m/s]
(a) LDU model (b) HDU model
Fig.2 Wind velocity vs Across-wind response of Ch.01 & Ch.04

Table 1 Maximum across-wind Table 2 Density

response under resonant wind LDU _HDU
velocity and assumed strain Sample 11515 49.09
Sample 2 14.92  48.77
LDU HDU Sample3  14.86  49.23
model model
) Sample 4 14.89  48.39
Maximum response 5.1 146
under resonant wind velocity [mm] ’ : Sample 5 14.88 4833
Average 1494  48.76
Assumed maximum strain [%] 34 1.1 B
[kg/m’]
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RS & W5 AR EGHZ 331 2 B 28 07 1A O i 24 D e KA, & 7=

ZOMEE b &R O [ EN TO/NTOF A2 E L7255 % Table
LIZRd. 0T HOHEEMIL, LDU #5Cix 3.4 %, HDU 8 Tk
11 %REEDIE & 72 o7z, ZOMEOEHIZOW T ERITRT. A
TIE, FEIC Table L IR LA « OF R LV A5G L L TR %
DTN D, 7eds, ZEIIRBNEER CILE T M OER 4 LT 523,
AR CIEE RO 7= O JAEAZ F RN L2 AR OHCE R T 5.

3. MHER

3. 1 MHEBE

LDU & HDU IZOWT, 5 50H » FLOEREEZMEL, Rnto
B (RS ) ZFE LI2fER % Table 2 (27737, LDU & HDU @
bbb, FUTAMTREREDOIILSEITRNT LR TE
L. 5B UL NEYEIX, LDU Tl 14.94 kg/m®, HDU Tl 48.76
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Uniaxial tensile test (LDU)

Stress [kPa] Stress [kPa]
10 30

__ Loading

Unloading

Strain [%]

10 15
(a) LDU (b) HDU
Fig.3 Compressive stress
vs compressive strain

Photo 2 Uniaxial
compressive test (LDU)

Stress [kPa] Stress [kPa]
10 30

Strain [%]

0 5 10 15 0 5 10 15
(a) LDU (b) HDU

Fig.4 Tensile stress vs tensile strain
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EE TG HE - OTAERIIBEATH LY, OF 5 4% 5 BT
HIZV NG, HBOEEZ NS RoTND. ZORRKIE, OFHN
HAREETT D L, TLE T — DR Z R P BE A T
Lg% Z LIZ X VAIPEME R T 2720 THLEHEZHILD. L
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L, IS LW E S D. 22T, BT O SHR T
78 S HRE) 2 C o0 SR B Z 35 1S B B A U7 1F D d KA (Table
LICRL7ZME) ThD. —MiC, s OWIRIT2E R O R B0
ECEBICBIMRT 5. Fig7 K0, ZEHIRENRED ST RN TR
BERIEE & 72 0 1325 22 HIRB O KT GERROITE) (I8 0T
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Laser
— Displacement

Data logger

Sensor

PC for recording

® Compressive test
+  Tensile test
= Identification from natural frequency
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@ Average per amplitude level
@ Coefficient of variation

Maximum across-wind response
under resonant wind velocity

fi1Hz] CV. hy
10 “0 010 Y10
8 —o08  008)= 0.8
6 o6 006 0.6
4 —lo4 004 0.4
2 —~o02 002 02
=== “L‘L“foo o.oo““‘-r 0.0
0 8 16 24 32 40 48 0 32 40 48
y [mm] »[mm]

(a) LDU model

/i [Hz] e "y (A
10— =00 010 1.0
8 —os 008 0.8
61— —o6 006 0.6
4= l — 04 0.04 l 0.4
2 o2 002 S 02
B s e e 1S ) N S B B 0.0

0 4 8 12 16 20 24 0 4 8 12 16 20 24

y [mm]
(b) HDU model

Fig.7 Variation of 1st-order natural frequency f; and 1st-order
modal damping ratio h, of free vibration wave with amplitude

Table 3 Modulus of
elasticity identified

- Linear regression (Compression)
—— Linear regression (Tension)

Fig.5 Apparatus for free vibration test

Ch.03 — Ch.04 ----- Ch.05 — Ch.06 ----- Ch.07 — Ch.08

Response [mm]

[~ cnoi Ch.02

Response [mm]
45

Stress [kPa]
3

Stress [kPa]
6

from each experiment

LDU HDU

Compression 42 329

Tension 68 360
0 - SLram|%]
0 0 Identification
o 2 3 0 05 ! from Natural 58 388
(a) LDU model (b) HDU model (a) LDU model (b) HDU model frequency
Fig.6 Free vibration wave Fig.8 Comparison of stress-strain relationships [kPa]
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Bernoulli-Euler
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Model PC for control

— Displacement
> Sensor

>
Shaking table

PC for recording Power amplifier

Fig.9 Apparatus for harmonic excitation test
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x| 0.9211 Average 0 [rad
16— ®  ChOI&Ch04 - [rad]

nE e Fitting (Eq.(9))| /2 F 2 ! o
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4= }» 4
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4 .o.. % 'n'"tionng
| . .,
P S S 7-71 T N L4 | | pl2 [Hz]
0 2 4 6 8 0 2 4
x| -0.5()H A 0 [rad - Average
12~ Ch028Ch.06 712 frad] 030 ® Ch.02&Cho6
o Fq.9) . \ Eq.(10)
8 r 0 F P { T
41— FAN A
E > e, /27 [H 7
0T Peiedeateand p2n[Hz] [ | | p/2z [Hz]
0 2 4 6 8 0 2 4 6 8
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L 0l aasd || “eoesoso,
e . }
o T | MeevwyetetpnrHg [ ;) ! | p/27 |Hz]
0 2 4 6 8 0 2 6 8
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4 Eq.9) F Eq.(10)
N P L S
2
P I T i i i 07222 | RO ! ! ! | pl2m [Hz)
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Fig.10 Examples of comparison of frequency response: Experiment vs fitting curve
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Fig.11 Variation of 1st-order natural frequency f; and 1st-order modal damping ratio h; with amplitude: Harmonic excitation vs Free vibration
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