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Table 1 #IiE A (YZRESH) (Z380) 5 HIE R COREHE

Fan Frequency F (Hz)

Number | 5 | 15 | 30 | 45 | 60

Mean wind speed V(m/s)

4 0.67 0.67 2.8 2.82 5.12
3 0.54 1.04 3.24 3.93 5.1
2 0.51 0.84 1.95 2.98 5.05
1 0.46 0.68 3.36 4.04 5.51
8 0.52 11 2.26 2.85 3.78
7 0.49 2.27 4.59 6.77 8.59
6 0.52 1.47 4 5.73 7.4
5 0.48 11 2.15 2.9 3.85
12 0.25 0.83 3.37 3.8 5.65
11 0.15 2.27 4.86 7.16 8.43
10 0.42 1.9 4.52 6.81 8.32
9 0.47 1.3 2.25 2.92 5.09
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1) 2 A 16 HOFHAITIL, MERH Lo oT2Z &b, BF
DFREZ PABHODIRRE TIT-> TV D, ERIE, SR
B BB TR S S ENIE AR I LT, eds, 2
ORFOFEERGHIL, Fhrz (1) Tk THRLZS
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iz RO DA CTEBR AT T T2, 7, 22X
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DORIERR-% Table.2~Table 4 12779,

FHERGE Vi, BEORHCRBW Rk L=k 5T, 3
Br1) CIFEEAPAUI- L&, FR2) TIddaio 1) 0%
PREFC L UBEZBIfk L= & 2 LTI 3) Tl 1)
DFHEAAFER LT & X OHMELTORBE CTH S5, =TT
B EROERTIT> TV A,

ZO—HOFERN G, AEOFREZBI L., DO mEAG
BV LR R LT S EEERGERI I 5 Z & A3y
>77,

F9, FERL) LT BERRAN T D NEDFHI
DHT, Fhr2) 1B TR HARREDRE CFRPEE D
T2DONEIZ DN T HHEETE 72, RNT, FBR3) 12k
TiE, EEEEOEHREAS 50Hz LA EIZ 72 D & I RoORE: )

Table 2 FZ5k 1) DEEEASHRFOMEENIE Po DHJIE

Date 2021/2/16 16:00~
Weather Gail with snow
Fan (Hz) Vy (m/s) Py, : Wall close (Pa)

0 0 0
25 1.9 0
30 2.3 0.5
35 2.8 3
40 3.3 5
45 3.7 9
50 4.2 12
60 4.7 18




Table 3 25k 2) DOEERR HHRFOMTENITE Pop Py DIIE

Date 2021/2/17 1050 ~12:10
Weather Fine Snow-cover Moderagte wind
V*, (m/s) | Py, : Wall open (Pa) | Po : Wall open (Pa)
0 0 —
2.584 -1 —
3.128 1 —
3.808 35 —
4.488 5 —
5.032 10 —
5.712 15 —
6.392 22 36
V*y : modified by eq,(2)
Table 4 2R 3)DBERRIRFOMENIE Pon PoOHIE

Date 2021/2/17

Weather Fine Snow-cover Moderte wind

Fan (H2) V**, (m/s) Py, : Wall-open (Pa) |P, :Wall open (Pa)
0 0 0 —
20 2.3 0 —
25 2.88 2 —
30 3.45 6 —
35 4.03 10 —
40 4.6 13 —
45 5.18 15 —
50 5.75 — 35
55 6.33 — 60
60 6.9 — 75

V** g Calculated by eq.(1)

WL 720, PEEE O A HARESREH A% 5.2 Dl
MR H T T, BENLEE FHSE Py OAHOFHIE LTz,
DL EORER A, BRI 225505 R—LF T L ORE
JEIEBRE L BEZRNIE Py 3 K OVFIREREI LB 72N Py
DE%Z Fig.10 & Fig.11 1R L, A8 THiER Wik
THER LT ENEIZEET 2 T RO S FERN S HE
L7 e L5,
(D)2 [P RRE B e N

P; = Py + Py; = 0.881 - qy + Py; ®)
QIR LT 2N E
P, = Py + Py; = 1.597 - qu + Po; @

T 2T, qy VHERGE, = L CPy; IIARSERICKSIT B
HINIETH Y, Py; = 10Pa \TRE LT,

Fig.10 1%, B FFEEREOPAEE (3R 1) LBk (38R 2)
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DEJERTRED 7= D DWEENIEP,, DZEV L, JEGHOHE AR T
IVTHER LTS b DD RS FEEO i 2,

LCWWe, Fio, FEEICHERNE Py (2B LTI,
1 EIOFERTH DM, BHFREA L AR L T D,

100

oo | (Initial inside pressure Py=10Pa) |
53 g0 | ——Po=1.597gH
TR S Pob=0.881qH
R e Pob (Wall close:20021/2/16)

60
@ O Pob (Wall open:2021/2/17)
z *° & Po(Wall open:2021/2/17) ]
a: | ---————rTr————r— ",’
E.. 40 % -
g 0 1
—
5
S 20

10 —""" @ |
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Wind speed

Fig.10 WENHEDO TR & HEE Do (525 1, 525k 2)
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Research on the Required Internal Pressure Control of Cylinder- shaped

Pneumatic Membrane Structures with Spherical Roofs
Part 2 : Measurement of the Required Internal Pressure Using a large-scale pseudo wind tunnel apparatus

Eizo Maruta *!

Masaya Kawabata *2
Manabu Yamamoto *?

Takeshi Thi™

Summary

In this study, a simplified calculation method based on the statics of the thin film structures was introduced regarding the internal pressure
control necessary for deformation response to wind loads on cylindrical air membrane structures with spherical dome roofs. Additionally, a
method for estimating the required internal pressure for original shape recovery and buckling avoidance, as well as the maximum tension, was
proposed. Due to the difficulty of conducting experiments with actual objects, a large-scale pseudo wind tunnel apparatus was created by
constructing a huge spherical pneumatic membrane structure dome model to obtain characteristics close to actual size and combining 12
blowers, and experiments were attempted in artificial wind created within it.

To obtain the relationship between wind speed and required internal pressure, experiments were conducted using a simple measurement
method called visual observation, which, although primitive method, enabled measurement of the internal pressure necessary for original
shape recovery and buckling avoidance. The experiments showed a good correlation when compared with the simplified calculation method.

*1 CEO,WIND & PHYSICS, LLC, Dr. Eng.

Professor, Institute of Urban Innovation, Yokohama National University, Dr. Eng.
Chief Research Engineer, Kajima Technical Research Institute, Dr. Eng.
**Development Div. DAIKA Industrial Co. Ltd.
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Table 5 Ei# 3m/s B Data-set
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Research on the Required Internal Pressure Control of Cylinder- shaped

Pneumatic Membrane Structures with Spherical Roofs

Part 3 : Full Scale Test of Required Internal Pressure Using a Large Pneumatic Model

*1

Eizo Maruta
Masaya Kawabata *2
Manabu Yamamoto **

Takeshi Ibi**

Summary

This study involved creating a large polyurethane model, scaled at 1/10 of a full-scale cylindrical pneumatic membrane dome with a
spherical roof reaching a height of approximately 30 meters. The study aimed to estimate the required internal pressure to restore the
original shape and avoid buckling of the pneumatic membrane structure under natural wind conditions. The experiments utilized motion
capture to determine three-dimensional displacement vectors. By establishing an offset method that considers the sequential correlation
between wind speed fluctuations and displacement vector variations, the actual displacement was identified, accounting for measurement
zero-point shifts due to membrane expansion from initial internal pressure and wind speed effects. Measurements were taken with internal
pressures of membrane structure varying incrementally from 9.1 Pa to 27.8 Pa in winds of 2.39 to 4.35 m/s, collecting 27 data sets
equivalent to 10-minute averages. The results included obtaining the actual deformation diagrams in the wind direction at the lowest
internal pressure of 9.1 Pa, where maximum displacement was expected, and comparing these deformations with previous wind tunnel
experiments, yielding similar conditions. Based on these results, the offset method was used to estimate the required internal pressures Py
for three cases with different reference wind speeds for shape restoration. For buckling avoidance, the study could be estimated the
required internal pressure Py, for one case by introducing the substantial minimum peak rate Ko, based on the 3¢ displacement variations
located on the leeward side of the membrane. The obtained required internal pressures showed good approximation when compared to the
simplified calculation method based on the rigid thin membrane structure discussed in Part 1 of this paper. Thus, the simplified estimation
method for the required internal pressure presented in this paper was confirmed to be a sufficiently practical approach.

*1 CEO,WIND & PHYSICS, LLC, Dr. Eng.

*2 Professor, Institute of Urban Innovation, Yokohama National University, Dr. Eng.
*3 " Chief Research Engineer, Kajima Technical Research Institute, Dr. Eng.

* General manager, Development Div. DAIKA Industrial Co. Ltd..
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WIND TUNNEL EXPERIMRNT ON WIND LOADING OF VAULTED FREE ROOFS AND
DISCUSSION ON PEAK WIND FORCE COEFFICIENTS FOR DESIGNING THE
CALDDING/COMPONENTS
PART I IN THE CASE OF SIDE RATIO W/B=1

Wei Ding ™!
Yasushi Uematsu
Momoka Seki *3

*2

Summary

In this paper, wind tunnel experiments on wind loading of a vaulted free roof with a side ratio of W/B = 1 were carried out. The effect of
rise/span ratio /B and wind direction Gon the characteristics of mean wind pressures and forces acting on the whole roof were investigated
based on the results of the wind tunnel experiments. Then, according the distributions of the most critical maximum and minimum peak
wind force coeficients on the roof irrespective of wind direction, the positive and negative peak wind force coefficients for designing the
cladding/components of the roofs were proposed.

*! Lecturer, National Institute of Technology (KOSEN), Akita College, Dr. Eng.
*2 Specially Appointed Professor, New Industry Creation Hatchery Center, Tohoku University, Dr. Eng.
** Undergraduate student, National Institute of Technology (KOSEN), Akita College.
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