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E.lizumi:

Wind loads on the main resisting systems and cladding of open-type framed membrane structures

Yuki Takadate !
Yasushi Uematsu
Eri Gavanski

SYNOPSIS

Wind force coeficients for designing the main wind force resisting system and cladding of a framed membrane structure of open type are
proposed on the basis of a wind tunnel experiment. Two cases of gable-wall opening are investigated; only one gable wall is open in a case,
while both gable walls are open in the other case. Closed-type model is also tested for the comparative purpose. For discussing the wind force
coeflicients for the main wind force resisting system, two column-base conditions, i.e., pinned and clamped, are considered. As for the
structural load effect, focus is on the bending moment at windward knee for the pinned base frame and that at the windward base for the fixed
base frame. First, the critical condition providing the maximum load effect among all frames and wind directions is detected from the structural
analysis of load effects using the time history of wind force coefficients. Then, the LRC (Load Response Correlation) method is employed for
evaluating the equivalent static wind force coeficients under this condition. Based on the results, a model of design wind force coefficient is

proposed. Finally, the peak wind force coefficients for cladding design are specified based on the distributions of the maximum and minimum

peak wind force coefficients regardless of wind direction. The roof and wall are divided into several zones and the positive and negative wind

force coefficients are specified for each zone.

"! Graduate Student, Department of Architecture and Building Science, Graduate School of Engineering, Tohoku University
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“ Assistant Professor, Department of Architecture and Building Science, Graduate School of Engineering, Tohoku University
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An Experimental and Analytical Study on Stretching Effect of ETFE film

EulSeok JEONG "
Masaya KAWABATA ™

SYNOPSIS

A tension type (tensile membrane structures) using ETFE film is pulled outward from the exterior to introduce tensile stresses. And such
structures offer the advantage of a natural shape formed by tensile stress and eliminate the need for blast air. Recently, the number of
tension type structures is increasing. But, there is problem of lower allowable strength under elastic range of ETFE film. A high strength of
the film is important to spread more use in a variety of buildings. ETFE film has a remarkable stretching capacity compared to existing
membrane material. It is contemplated that stretching to plastic region by taking advantage of their strengths.

In this paper, we proposes stretching the film to its plastic region during panel installation as a method of increasing the yield strength of

the film membrane structure, and confirms the effectiveness of this approach. First, to investigate the possibility of application on tensile

membrane structures, a stretch-fabrication test is carried out, and it is verified that it is possible to increase the yield strength of the film

membrane structures. An analytic investigation is also carried out by simulating the experiment, and the effectiveness of the elasto-plastic

analysis considering the viscous behavior of the film is investigated.
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A Study on Proof Stress after the Stretch Fabrication of Diagonal Arch Square Panel using ETFE Film

Soichiro FURUTANI ”
Masaya KAWABATA ™

SYNOPSIS
The tension type is widely being accepted as the structural form in which ETFE film is used, because such structures offer the advantage of various
shapes formed by tensile stress and elimination of the need for blast air. Recently, the numbers of tension type structures are increasing, but there are

problems of viscosity behavior such as relaxation of ETFE films under long-term stress. In previous works, ““Stretch-fabrication of Three-Dimensional

Shapes Using ETFE Film” was proposed as a way to form a curved surface by pressing film against an arch, and it was confirmed that such structure

has the effectiveness of introducing tension.

In this paper, to raise the possibility of “Stretch-fabrication of Three-Dimensional Shapes Using ETFE Film”, we investigate the influences of
viscosity and the behavior under additional loads after the stretch fabrication, from both structural experiments and FEM analysis. In addition, we
propose the proof stress after the stretch formed by analyzing various scales.

' Graduate Student, Department of Architecture and Urban Culture, Graduate School of Urban Innovation, Yokohama National University
™ Dr.-Eng. Associate Prof., Faculty of Urban Innovation, Yokohama National University
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Simulaion Method for Thermd Environment indde semi-outdoor gpace of Membrane Structures
in congderaion of solar trangmisson

-Comparison and verification of filed measurements and smulated valuesin the gation platform with membraneroofs-

Akihiko OYAKAWA
Tasuya YOSHINO "2
Akira HOYANO ™

SYNOPSS

Authors investigated fidd measurements of therma environment formed in a membrane structure with a semi-outdoor space in 2008.
In this report, therma radiation environment formed under the roof space of the membrane sructure by simulation based on fied
measurementsis predicted and the eva uation method is described.

Thefirg part of the pgper describes the following findings from the measurement data the solar transmission through the membrane
materid had the greatest impact on the thermd environment in the living gpace under the membrane during the daytime; the mean radiant
temperature at the centrd part of the living gpace was higher than the air temperature due to heat retained in the ground and walls of
surrounding buildings. The caculation method for the mean radiaion temperature digtribution in condderation of solar transmission has
been improved.

In the second part of the paper, influence to give the membrane structure for fidd measurements to the thermd radiation environment
by the difference of the solar tranamission of membrane materids using this predictive tool as a cdculation modd was predicted and
evauated.

*1) Research & Development Division, Taiyo Kogyo Corporation, Dr. Eng.
*2) Technical Research Center, Taiyo Kogyo Corporation, Dr. Eng.
*3) Professor, The Open University of Japan , Dr. Eng.
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Fig. 1 Membrane (A)

Fig. 2 Membrane (M2) and SB[B]
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Fig. 3 Outline of measurement

Fig. 4 Measurement for insolation reflectance
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Table 1 Insolation RISPM] and Insolation T[SPM]

Target Insolation R[spm] | Insolation T[spm]
SB[B], BB[B] 4.1% 0.0%
SB[W2], BB[W2] 70.2% 0.0%
Membrane (A) 65.2% 11.4%
Membrane (M2) 77.3% 12.9%

Table 2 Insolation RImeasure] and Integrated R[measure]

of membranes with backside board

SBI[B] 2.1%

Rlmeasure]
SB[W2] 47.2%
Membrane(A) / BB[B] 43.9%
Integrated Membrane (A) / BB[W2] 44.3%
Rlmeasure] Membrane (M2) / BB[B] 52.7%
Membrane (M2) / BB[W2] 54.3%

Table 3 Integrated R[2-PCM] and Integrated R[spm]

Integrated Integrated
Target diff
R[2-PCM] Rlspm]
Membrane (A)
65.5% 65.3% 0.2%
/ BB[B]
Membrane (A)
66.2% 66.9% —0.7%
/ BB[W2]
Membrane (M2)
78.5% 77.4% 1.1%
/ BB[B]
Membrane (M2)
80.9% 79.8% 1.1%
/ BB[W2]

4.2, [EMHEO BSTRGIERE AFHEBEDHTE

Table 3 DEHEMAFEEAARIOKEE H PRI A] (K%
T3 Integrated R[2-PCM]) p,, & Table 1 DIFHERND HEHX
FHE[3K] Rlspml) p, ZX@IACAL, M0IRLUEFHEIZED,
ERTELD B S REERHEE] p, (B3R TIE RIED L 0VA 5%
WHEHEE] 7, (METIXTIED 23k 2, £0#ERA Table 412
AT IR ORERRL LT 2L, BIREUNEERRE
<, BEEBEEI IS ERE ST, K 4.2 AV RDZEN
DD, T kEE CHEE TE T,
5. @I
ARFEL NN CRIEDNEEZ AR 2, x5
BRI b (Fig. 7, 8) LRI HL “x/L (Fig. 9) &%,
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Table 3 Integrated R[2-PCM] and Integrated R[spm]

Integrated Integrated
Target diff
R[2-PCM] Rlspm]
Membrane (A)
65.5% 65.3% 0.2%
/ BB[B]
Membrane (A)
66.2% 66.9% —0.7%
/ BB[W2]
Membrane (M2)
78.5% 77.4% 1.1%
/ BB[B]
Membrane (M2)
80.9% 79.8% 1.1%
/ BB[W2]
Table 4 R[E] and T[E] of membrane
Membrane
Membrane (A)
(M2)
RIE] 65.5% 78.4%
TIE] 7.2% 12.4%
R[spm] 65.2% 77.3%
Tlspm] 11.4% 12.9%
Difference of R 0.3% 1.1%
Difference of T —4.2% —0.5%
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Fig. 7 Decorative nets (Green)

Fig. 8 Decorative nets (White)

Fig. 9 Solor panel
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1)

2)

3)

4)

Fig. 10 Measurement for insolation reflectance

of decorative nets

Fig. 11 Measurement for insolation reflectance

of solar panels

Table 5 R[E] and T[E] of Decorative nets and Solar panel

RIE] TIE]

Decorative nets(Green) 9.2% 40.9%

Decorative nets(White) 42.0% 42 4%

Solar panel 19.7% 0.0%
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Measurement methods of transmission-reflection coefficient
Based on the 2 Point Correction Method
- Applying Insolation transmission index estimation method -

Tatsuya Yoshino ™
Akihiko Oyakawa "
Takayuki Nakata ™
Koji SAKAI™

SYNOPSIS

In order to evaluate thermal and daylight environment of a building, it is important to understand the reflection and
transmission properties of the materials and solar radiation and visual light. In general, spectrophotometric method
is used for that. However, depending on tested materials, in some situation it is difficult to use spectrophotometer
method in measuring which makes evaluation difficult.

In previous paper, “radiation-reflection ratio in location measuring method” (2 Point Correction method) used for
materials insolated with high reflection index material (insolation non-transmission material) is expanded,
suggesting it for insolation transmission material, carrying measurement of insolation transmission index (coefficient)
and reflection transmission index (coefficient), comparison with results measured using spectrophotometer showed
the validation of the measurement method.

In this paper, we change the standards, which was a problem for previous paper, and again, we confirm the
validation. Also for materials which are difficult to measure using spectrophotometer, examples of insolation reflection
coefficient and insolation transmission coefficient are provided.

*1) Technical Research Center , Taiyo Kogyo Corporation, Dr. Eng.

)
*2) Research & Development Division, Taiyo Kogyo Corporation, Dr. Eng.
*3) Service Engineering Section, Taiyo Kogyo Corporation
)

*4 ) Prof., Department of Architecture, Mefji Univ., Dr. Eng.
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STUDY ON THE ANTI-BACTERIAL AND ANTI-VIRUS PERFORMANCE OF MEMBRANE
MATERIAL COATED WITH VISIBLE-LIGHT-SENSITIVE PHOTOCATALYST

-Effect of additives contained in the PVC coating of membrane material on the anti-bacterial and anti-virus-

Yuki Shiozawa™

Tokuyoshi Saito™

Hiroshi Toyoda™
SYNOPSIS

Visible-light-sensitive photocatalyst was treated onto the surface of PVC membrane material to develop the new material which
shows anti-bacterial and anti-virus performance. PVC membrane material contains various additives, and then their bleed-out might
cause the degradation of anti-bacterial and anti-virus performance.

In this study, we investigated the effect of additives contained in the PVC coating of membrane material on the anti-bacterial and
anti-virus.

Glass plate and PVC membrane material were coated with visible-light-sensitive photocatalyst as samples. And samples were
compared by measuring both initial and durability performance by the moist exposure test, and water contact angle. In PVC sample,
performance of anti-bacterial was slightly lower than that of glass plate, and decreased with time of the moist exposure test,
however, performance of anti-virus did not degrade. And additives slightly inhibited hydrophilicity of the surface.

The additives contained in the PVC membrane material caused the degradation of the activity and anti-bacterial of
visible-light-sensitive photocatalyst.

*1 Taiyo Kogyo Corporation Technical Research Center
*2 Taiyo Kogyo Corporation Research and Development Division
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