The Membrane Structures Association of Japan

BiEE>+—7F /L 2025

Journal of Membrane Structures 2025

— No. 5—-

—BHEAFIA AEXEEEGE






R # & ¥ ¥ — F JL 2025

Journal of Membrane Structures 2025

(H R

1w B R W X

1 BRI R & 475 2 P B 22 S 3 00 0 B0 P AU B 3 2 B 9 - m e
o2 RAEEELRIRNEEIC LD LENEONE

i (WIND & PHYSICS LLC)

(R (B 32 K )

(BB RS )

B W (R EERRS )

2. BRIBIRAR % AT 5 P I 7 UM i 00 00 BP9 FE 48T B 5 T oo reeeeeeeenene e e
203 KBEKMET VIS L B LENE DR

. (WIND & PHYSICS LLC)

M ORI [ 57 K 22)

(M R B R 2 )

WA H K F SRR A )

3. PSR F AR IEEAR 3 RN b= O JR ) R R I B 4 R R B & A EH ©— 7 AR BT S R
(ZD 1 LR W/B=1 D) wmrmrmemm e
T B (BH TE&mEHRMER)
RERS HE ORAER)
B BRAE OBk T2 45 7 P 22 )

4. HP B8R J) A% 3612 36 1) 2 IEa% Bt MR AR BUC B 37 2 B JE------mmmmmm o me s mm oo
— M 0D de KA B 90 RS B S < WA —
ZHZOHR (BEa—RLr—v3)
HRESL (HAKE)
Mm = (AAKRY)
B B (BAKT)
NEEF (BAKRT)

21

30



F2m H S - #

1.

2.

2025 K- Bl TEICET

KB« BITE G2 1T 2 R &

RN R
EEA i (CRIEEEA BB E S R)

FREE S (KB TR 4h)

il



EREIRTIEE DY






RS r—T L i, 1-8, 20256
Joumal of Membrane Strucutures, No.5, 1-8, 2025

HEEBIRZ AT 5 RS E O LENESENC B3 58F58
2D 2 REGHRIFEEREZ & 5 LENEDRE

G e
ok 2 i

AWIETIEL, ZHETERIE F—LBIR 2 A4 25 MRZEXUERSE O RO T D LIRS LB e AR B L T, i
RGO AN MG FEEZHE L, [FIPEHECEEHELEED 72 b OMBEPER & NIRRT OHEE TR OV TR
RUTz, A TlE, T L DEBRINE R Z Ln 5, TR WER 245 5 72D R BIP 25 S B — 2 A e
L. 12 EOXNEEZ AR E R T RPUDBHURREEE 2 8 E 2 2 LIZ k- TRED S e N TR THEERZ A,

FE, RO & LENEDRHRZIG D 720D, JFAAClEd 528 BHRBEHI & 5 5 MEARFHADEIC L - TR SN
JFARHE LR NIE AR I L, S REE & e iA i BAF R BR A5 T,

1. [XC®IC

AFHCIL, AR CIRR LIZENE F—2 2R 249 5 M
TEZE GO TN Z B9 5 L5 R R D224 % SR
MREd 5 2 LT ETH D,

ABFED TR & 75 IR R TRED 72 5D DEIN
(RS BEHE B -0l 1R 2 =27 LA
W RURSERRCIE, SRS ORI E A 7357 Lol
72 LN/ INHEDNG < 2RREDFBIZRET D EHEMEO/E R
EETTHEL, 2D E05, WSRO LS T T IV
DAk & Z AU RG> T RO JRREEE 2 B e LT,

UL s, N THNSH—CRE Ze~HEOEROEE >
fiZEY 92 S I3ERCEE LV RSBV T, AEL, 3mic
K SZEKNRET NOZFE AR T 2 EHRTH, Bz TERE
JREEE DR D BTz, PLEOBLEMNG, 1Bk L7z BREEE D
ANFRE U CORGHEGAFHEZBA LN T D & & HicFHR s
L COHMEZDNWT b RRFTT 2 05BN H o7,

RIS A % F N = N IEOF RIS B\ T,
ZEOERMEET L b, 3R, 74 XL £/D=0.5
CTHfEIOm SMEE /D205 OFARIZBRE L, —RDFHE LT
W5,

2,335 H

AT, NOZESE F—LF T N ERYET 5 L LBl

ZIUZ G S TRBEHIRRIEE 2B 5 2 Lic kb &

& VENEDORRZ 1G5~ LUF OB I OW T L7,

1) F—LRBREOIRIEEI AT 2 G H L,
JEIGODFEA L RS D T A~DENOT HAMRET 572
DITLEERNEP), & JEGEDHRFFHIEHIIT %,

2) A, B REE L CODIEORFEIC L 2T (1
RDO~ZH) Z LRI R S DB LEZRNE P,
ZEH 5,

3. HBOHE
3.1 REUEHLURGREERE & 25T TV

TG EREERE T, Photo.1 (ITREND K Hic, HIFEH
OBFENIC, 12 EOEEEE (A1 7 2 41H51C SIF-600A-3,
S 920X 1,160 X 690mm, PR E H LIEAE 0.712m) D
R 4 F5% 3 BETRUE LT BN T 5, 2 DOREEEEDME
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FREEC 9m/s (IEHUAK) 10° ) Th D, Eio. fEx DO
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FHC X~ CEHAIL 7=, 5L LT, BRiArhLioiiE (B
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3.7.1 JIE A D43
EUEAEL. T Q) Rk 77 oo LT
Boid b B CRIE L7, JIERESYE, Table 1 1TR L7,
2P, FEMEE L. Fig 2 POSEREEFIR L TND,
AR L LT, Pl 4 5 (No.6, No.7, No.10, No.11) (2%}
T DALE DGR Z OV TIEPH 8 ZE T~ TRV MEE R L
TW5, 7ok, FREIBLE LTV 5,

Table 1 #IiEA (YZRESH) 1Z381) S HE 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

W, JRGEHD S AR DS RE, He X(Z=2,520) T
50D No.5, & No. 8 DALETIL, s DJEGHZ 7~ L7z Hl
IZHARTUHTEHLL FOH I Th -T2,
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NDIZ O THEESE R L TD, 372K E LT
HFULERCIERE U TS Z 203D, ZOEOEIRIE, &
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BEOHPRINIE CIXEEI HE < REEWEOR5 A7 E ClIEE
WAV, ZAUT. BHEEEDS 4 mOBEETIL, B
B S TIUTRAE SETERADOIRE D 0 Tldens L &
FZLTND, Sz 5 &, B mE A ED 9
T2 OIZIE, 12 BRI CRERT 2 REEE TIN5 Th
B0 RO UITEREED O OFFEEE S DIZE P2 488
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DL 1 F27- 0 OMERE L L Cid, JEESS 80 ni/min TH
D EMND, 4m BENTAIE T 12 A A= CTH 2 L THEE
ENDEGEL, (3) XD & 1) 8.7 m/ls LA S5,
7235, ZOREIZITIL, SRRSO A4S 100 L L
72 & RS 4m OALETIE A 0.7m/EA3 5 7259 26 i
ORFRAEFESAEET 5 & LIZbOThHD,

480x12

V =
60(1.5%3+1.4)(1.5x2+1.4)

=3.69 (m/s) (3

L7235, BRONZANE S OFPANCIE, B FZ2RERH
JEOGAHZHRE U, FHANL 72 U T 0flE R GEEE No.b
& No.8 Ikl T AHArE) ZFrEIITHEAM ) 60Hz 1280
T bm/s LA EDJEGERAHIEF S 7= (Table 1 208,

Fig.8 1%, HIiE A, & B, HIE C DETOFREZENRE
D, BEEEEONAMERERENHHREL LY L LEZbO
Th b, 7ok, EREEOREEEIL, 2 TOREIZIBWT 60Hz
Thb, ZBRWEET VAT~ 585 4m X 4m OFIFAIC
BT, Ll (Y=0) & HEHafs 2 bR | A2 Sm/s~8m/s
DIEMMED HENTWD, 1> T, ZEE 1.5m/s OFLIVE
ERORERAZ EHTED,

—J57, BRI IHZR IS OB I T X 0 KBS’
RS, B ORI L K5, £, B
TR O AR T & O & 7= OB DM )T
135 & RE— 2Bl Tdb - T ORI AT LT-IE
KB OO ERRE S LT SIFERELR, 372
DHIERIN L > TREDEI SN D L b B2 HND,

fth )7, Z2RIEET N ZiRE LI A, TRV &
S THEOFE AR LEHES L U COREEZHET D 2 &
WTERNT ED, 338 Crtid L= AEIC X 0 ilBiAns
oL X DOREAREEE L T 50N H D,



Fig.8 FERIAR RO AR

PEOBLENS, JBEARRNIIM M3 D b OOREEEE
DR 60Hz %5 % 7= & &G BRIAOIEHPH  (Xhofik
D PITIEIRINC Tmds DL EORAINTND Z L bk
JEERE & LTI e A E Db D L EHI LT, E7-.
YERGHICEA LT, HEYEA TOREA 7.0m/s 2= LTV
ZEnh, RO Lo THORETE S DL L
77

4. R L LENEICETAHEIE
41 FEHBHE

JEIEBIROFAFEIOWTL, 2250 F—LE T V5%

[ZRRITT= AV — & F—LBEHITHI SN~ — T — DR,

LbOFsA, IO ETRE) (L) OFBLZ T AT
eI E BRIC K> THE L. (Fig9 &), 372b
B, FFEOBRORAT F— 285 T VA ORI K
7 WIEINE CIER S NI DIETARIZ 3617 D9 ) A1H
K45 & DIREIZ L - TEEFARR L R L TnD, fE>
T, WENET FUBR A 35 F T EA SE-NE P,
(2N TSR REE Z 7R NPy, DEHIITIE P= Py, +10
Palt L7,

WA, BRI AR U7 REEI 3850 VT b B A s o
HClE, TEARVEIZ XD ~ZALEREAL TRBY, &b
JFEHE (R I EMADIES 72 2) (ZE NP DFHHI
TlX P, = Py + 10Pa |ZiET 5 E THEL EH-SHT,

72k, FHRIE. AT 3 ORI T T> T D,

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
DTH D,

2) 2 A 17 HOFITTIE, BRENRE -7/, BT DE
BEZPA UTIRBE CTHEER LTz, Z DR FUERGHIL, (2)
AT X Y BEBRIA S & BB A IE LT,

3) 2 A 17 HIZ 2) OFRANET LI-BHET, SHEEEE DI
0 TR RRGE 2 1 L, R FEER B L7 IRAE G
ORBRETEE AL, 12 FOETOREREZ K 60Hz
iz RO DA CTEBR AT T T2, 7, 22X
7L 8RR ST D IRAEIZ o\ T SEME R oD
FHAIAARFTRE Chh o 727D, 1 B ZE5IEE T /L2 B0 B
UWVIRRECRHA TR, Bibi&, JERE & JRGRD BRI &
0 HYERE AR OT- (Fig.l 22,

_',;,_
\

Buckling

Fig.9 HiExE:

42 fERLEBE

JEGER (2563 2 JE S IEBRED 7= 8D DML TENIEP,, ([ZBIRT 5
P 72 5 ONTFIRIEHE O 7= b OMENIEP (B T D NIE B
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 mE AR
BV LR R LT S EEERGERI I 5 Z & A3y
>77,

F9, FERL) B L T BERRAN T NEDRHI
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 2k 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 ) DBERRIRFONMENIE Pon PoOOHIE

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, PERRE O A HAREEREH A% 5.2 D el
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
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 FEREOPASE (55k 1) LBl (38R 2)
(2B DMLFENEDLEE 7R LT D, BERASHRE & BRfY
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 —""" @ |

Vg m/s

Wind speed

Fig.10 WENHEDO TR & HEE oo (525 1, 525k 2)

I, Fig.11 13, BHLURGREEE O WL 21T,
12 AR CH RS L U, D oFREZ B LTS T
COFERIER L S FEEXE DA R L TN D,

JAESR[ERRE N BEZRNIE Py (ZBE LTl AT L T
W5 S DODTERIEIZVLE/RNIE Py (2B L CIL, SR T
FEMEDIRE TR LTV D, ZOTET, KR
(AR X S OGS TR i < 72 0 K& 22 UEAMER
LWl Bbiiz, FD-o, XEEREN 50Hz 282
7o BGERRE 2| ZZE ST T VOB L WVETE S IRENDA U, Po
BT 2EHDA L LT,

100
a0 (Initial inside pressure P,=10Pa) |
= 80 Po =1.597qH A
I:l‘_-_‘ !
TR S Pob=0.881qH :_ A
% i
60 & Pob( Wall open:2nd tests, |
° 2021/2/17) '
5 5o A Po( Wall open::2nd test
é
£ a0
=9
g 30
S
*E 20
—

10

Wind speed

Vg m/s

Fig.11 WENEOIER L HEEX ok (56 3)



5. f&im

FEmE LT, UTFICEEDDBZ ENTE D,

12 FED A CRIAAST C - AT UR R X, DR
TOF7RRAIRREIC e < . WD D 4 mAEDZEKIEET
VOB I 72 B A 2155 F TR S 7o Tz,
L L7 B JEGH AR DS K E 72 2 i b b 51,
BEIZG 2 DB TR E AT DIZERE L ol
2N LT, FERrE UTHoER e R LT
7=

BAREI & 2 JFRA A B 59, ARSEBRIZ L 2R
[FHEEZR & ONZJFIEIEHE O BEN I B A IERE X, AR
M-CHERE L7 FE s OHBICRW T, s R A 7okt
ICBRICH DB D & RGT = L3 TE T,

e
Aiw ELDDHITHT-0 . KEELURTROVERRD B 285
R— 2 ERIOBYE & 7-IET — 2 B L OSBRI T,
FIEEORRE AL, A AT OB S e
5 ONREIEEN T RS TR R DOFAESNUN S K2 D T34
BRNN - Z LIRS LET,

SER

1D LHEESE, FmEt, R ERERER A AT 5 M
2 EREE DO LBENEHIENZ BT 2 —2 D 1 fii5
FEADORHY) BHEEY vy —T /L 2024

2) FEEU R - RN, AAEEEY. 2015



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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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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STUDY ON WIND FORCE COEFFICIENTS FOR DESIGN OF MEMBRANE
IN HP-TYPE TENSILE MEMBRANE STRUCTURES
-Study Based on Maximum Load Effect on Membrane Surface-

Konomi Tada™
Naoya Miyasato™
Akira Okada®
Akira Oshiumi™
Takato Komuro™

Summary

In this study, wind load coefficient for membrane design (Cre) is proposed to appropriately evaluate the maximum load effect on
membrane surface deformation and stress in HP-type tensile membrane structures. Conventional wind coefficients for structural frames
could not adequately capture membrane surface responses, leaving issues in wind-resistant design. Therefore, this study derived an
equivalent static wind coefficient distribution (Cr £rc) through wind tunnel experiments and time-history response analysis. Based on
this, a region-divided Cre was established, and its applicability was verified through numerical analysis.

The June 2024 notification revision increased design freedom for membrane structures, enabling the design of large-scale HP-type
tensile membrane structures. HP-type structures are rational membrane designs utilizing form resistance, with numerous examples
overseas. However, in Japan, examples were limited due to factors like the lack of established wind load coefficients. Since membrane
materials are lightweight, wind pressure design is critical, especially for complex shapes like HP-type structures, requiring an
understanding of wind pressure characteristics from the early design stages.

This study modeled an HP-type tensioned membrane structure with a 15mx15m rectangular plan at three sag/span ratios, conducting
wind tunnel tests and time-history response analysis. A tendency for downward deflection at 0° wind direction (suspension direction)
and upward deflection at 90° (arch direction) was confirmed, with wind load coefficients increasing with larger sag/span ratios.
Response analysis showed membrane stress peaked at wind direction 0°, while at 90°, stress partially increased on the windward side.

To evaluate maximum load effects, the equivalent static wind coefficient distribution (Cr Lrc) was calculated using the LRC method,
focusing on vertical reactions at leeward columns. The obtained Cr Lrc was divided into zones, and membrane design wind coefficients
Cfe (downwind: Ced, upwind: Cren) were established. Cre showed a generally linear relationship with the sag/span ratio, suggesting it
can be calculated via interpolation.

Numerical analysis confirmed that Cr Lrc effectively evaluates the maximum value of the membrane surface's maximum load effect.
However, evaluating the maximum load effect at all points is difficult. Cr is effective for simplified evaluation; while it provides a
good estimate in the downwind direction, it tends to slightly underestimate in the upwind direction, necessitating consideration of a
safety factor.

*1 Tomoe Corporation, M.Eng.

"2 Prof., Dept.of Architecture, College of Science and Technology, Nihon Univ., Dr.Eng.

“3 Honorary Prof., Nihon Univ., Dr.Eng.

“4 Research Assist., Dept.of Architecture, College of Science and Technology, Nihon Univ., M.Eng.
*5 Graduate Student, Dept.of Architecture, College of Science and Technology, Nihon Univ.
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728, AFHAEOIRBATT S 5AtE, BE LI EA B
DI 2 R PIHEE A~ T ED B D, BRI
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AR JT STV N TR ST HEED 5 B, 441 (K
B 136 Y L= FRRER 1 K1ICEEDD,
JERPEHZ DT, WAL & IR ZZE L B fiks &
O C FENZ L ERASNTZ, ZhbiE PVC (R ke =
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s W RAGERI,  EBRSEN
B « ABRET R CHERE : BhJpt kL ETFEME : BiZetttt
(PVCa—F v FH T ZHEHEAR) (PVCz—F v KRR Y = 25 VAR (7 4 VM EETe)
BHERGE | OKBRY 7 O®H % —nNje Y Fo @null2
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\ZIEH L7z, & Z°C, BT & MR C e Rk GF
SRS AR L. BRNOES A EE LTS, Z0
£ 9 2 | A AR D 2 BB TS T & Zpu vz
O, RSB IS EEYE (Force Density Method) %-4%
AUtz COTEL S EROISEEZEEE LTH .,
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OEABIFIHND TH AA PR 2588 L7, Zh
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AL HBHE CX DR 2T DM RS T L 72
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AR L SEEIZRRIE & ORI RT  2 23 LTV 5, [19]
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YoM ED R I, BIEORELRNSKEE - X CTE T,
Z OFERENT, #MEHERSRR L O = —T ¢ /o T
AR I N /N P 3 5 T IT RV A e <55 N DA QUAYSY - Iy b=~ Y M
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-
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TiOz photocatalyst layer
Protective-adhesive layer

PVC coating

Polyester yarns
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