White Noise DO OO0OOOOO0O0O0O00O000O0OO
-0000000000000000000000-

O

ooog  *
oooo*2

O

gooooooooooo0o0oooo0o0o0o0o00o0o0o0o0o0oo000002000000000000000
goooboooooooooogooooooooooooooboooboobooooboobooobooogon
gooobooooobooooobooooobooooobooooooooooooooooooooobooogo
gbobooooooooooooboooooboooooboooobooboooooooooooooooogn
0000000000000 00000000000000000000000000000O00o0ooOOO 90%
gobooooooocooooooobooboooooOoooobOo0oOoOoOOoO0OobOO0OOOoObOO0OobOoOoooOboOoon
0000000000000 0000000000000000000 White NoiseOOOODOOOODOODOO
AQO0OO0OO0OU0OO0OOoOoB,CU000C0O0OUOUOODOOOOUOOODOOOOUOOODOOOOUD 3000

gobooooboobbobbooboooobd

1 O
0000000000000D00D00000000000
0D00000000000000000000000000
000000000000000000000000000
00000000000 0000000000000000
0D00000000000000000000000000
000000000000000000000D000000
000000000000000000000000000
DOooO0o0ooo

000000000000 00000000000000
O0D0D000000D00 White Noise 00 000000DO
000000000000V ®0oo0000oonoon
00000000000000D0000000000000
D0D0000000000D00000O0D0O00000D0O0
00000000000 000000D000000000
0000000000000 00000000000000
D0D0000000000D000000D0O00000DO0
00000000000 000000O0O0000000O0
0000000000000 D0000000000000
0000000000000 0000000000000
D0D000000000000000O00000000O0
000000000000 00000D000000000O0
000000000000 000000D00000000
0 2),6)78)D
00000000000000000000000D0O0O0
0000000000000 9% 00000000000
O500Hz 000000000 White Noise 000000D

0000000000000 D0000000000000
0000000000000000D00D000000000
0000000000000 D0000D000000000
000000000000 000000000000000
0000000000000000000O0O%90A0
000000000000 D00000O000000D000
000000 20000000000000000000
00000000000000D0000D000000000
20kgf/em 000000000000 £10% 000000
00o0Oo0oooooo?0
00000000000000000000000000
O00000D000000000O00 White Noise 00O
000000000 AODOODOOOODOOOB,COOO
000000000000 20000000000000
0000000000 30000000000000000
00000000O0D0O00000

2 0J000OO0OO0OOoOO

goboobooobobobooboobobobooboboooo
00d0O00o0C00 1gb0oobooobooooooogo
obob00o0o0ob0obobooUooooOoboboooooo
oo0l1booooobooog pp000DO00OO0b0OODO

01 0oooood

ooooooo
oooooooooo
oooooooooobooo
oooooooooobooo

oo oog
A0O O0OOO0OOOOO
BO ooooooo
CoO O0Dopoooo

*10O0OOD0O0OD0O0O0O0O0O000 0DO0OO oooooo
*200000000000000 0D DOOO



10 : 2.0
¢ (1:1), X direction ® Error of Stress(1:1), X direction ® (1:1), X direction
o (1:1), Y direction 0% o Error of Stress(1:1), Y direction 1.8} o (1:1), ¥ direction
— " (1:2), X direction = Error of Stress(1:2), X direction » ® (1:2), X direction
g o (1:2), Y direction 20% — o Error of Stress(1:2), Y direction 2 16k o (1:2), Y direction
2 4 (2:1), X direction E 4 Error of Stress(2:1), X direction 5 4 (2:2), X direction
‘B 22:1), ¥ direction 30% = & Error of Stress(2:1), Y direction @ L & (2:1), Y direction
< X With Added Mass B Fitting with a Polynomial Expression g .
? =
3 2 g 12
i=] X o 5| 2] Ao A A
n 5| x X =] ~ 1.0 .
. x n - " &)
o x A e g
E X L 4 © ° E 0.8
5 % . 8 5
1 X nA I 5 06|
2 w %y . [ o 5
g XX 0 4 § 04
¢ 4L
= Gl d =
0.2
0
Y - . 0.0 L
0 5 10 0 S 10 0 5 10
Set Up Stress in X, Y Direction (kgf/cm) Set Up Stress in X, Y Direction (kgf/cm) Set Up Stress in X, Y Direction (kgf/cm)
10 10 2.0
® (1:1), X direction ® Error of Stress(1:1), X direction ® (1:1), X direction
© (1), Y direction % o Error of Stress(1:1), ¥ direction 18k o (1:1), Y direction
— ® (1:2), X direction = Error of Stress(1:2), X direction ” = (1:2), X direction
5 o (1:2), ¥ direction 20% = o Error of Stress(1:2), Y direction 2 16l o (1:2), Y direction
2 (2:1), X direction g & Error of Stress(2:1), X direction 5 4 (2:1), X direction
b 4 (2:1), Y direction 30%| = A Error of Stress(2:1), Y direction %] L & (2:1), Y direction
< X With Added Mass Ed Fitting with a Polynomial Expression & 1.4
” =
@ 121
g “ 2 &
= X L 5r b A
n 5t x p= ~ 1.0 =57 o
- % N 7] - n
E o P g
£ x - ° E 0.8 -
b5} Ak 8 5}
= X A = =
] % Xn 4"D & 5 5 06
g % #° g
3] S 04r
= S * . s
0.2
0
0 : . 0.0 L
0 5 10 0 S 10 0 5 10

Set Up Stress in X, Y Direction (kgf/cm)

04 0DoOoocCcooo

Set Up Stress in X, Y Direction (kgf/cm)

05 0Doooocooo

Set Up Stress in X, Y Direction (kgf/cm)

06 D0OD0OOD0OOUOOOOOOOOCOOO

D00000000000000000000000000
00000000000000000000000B, CO
0000000000000

{1} = [A7{f}

0ooo s

(1)

. m? m? y

T 2 b 1

{T}::{Yb}’[AL: E%i ?éi ,{f}=4pk{ﬁf}v
as? b22

T,,T,00000 z,y000000000000000m,n
000000000000a,b; 0000 f; 00ag,b,00
00 f,0000000000000000000Op,00
000000000000000000

00000O0B, COO000X,YOOOOOODO 05,1,
15,2,3, 4, 5kegf/em 00 000X,YOODODOODO 1:1
000000Y,XO0O00OO0OO0O00O0O000 2000 1:2,
2:1000003000000000000000000
000000000000000000000000000
0000 20000000000000000000
2.1 BOOOOOOO

000000 BOoOOOoDOoDoOOoOoOoOoooDooOooao

000 5kegf/em 000 « 00X, YOOOODODODOOO 1:1
000000D0DXOO0D0OOOOo0O 5kef/em OO0 O3kgf/cm
obooooooobooooboooboboooono x oo
ooooooobOoOooOO0oooOoobOooooooOooDoooo
uobobOoooboooooOoOoobooOoOoooocOoooon
oobooOoooboboobobooooboooboooooooon
000o0oO0oo0o00O £10,20,30% 00000000000
oooboooobooobooooooooooobooooon
020%0000000000000002,3000000

02 BOOOOOOOODODODOOOOOO
y:A+B1x+B2m2

ooooo O oooo
A -0.10006 0.03312
By 0.32128 0.01918
Bs 0.233 0.0021
gooo 0000 NOOOOOOoooooOo
0.99579 0.08267 42

03 COOobOOooooooooooooo
y:A+le+Bzm2

OooooooocMX2roNMOODOOOOOOOOOO
10ecmx10ecm OO0 O0O0O0O0CO 500000000000

0.8114(kg/m?) 0000

0100000000000000000000000O0
cooboooooboocoooooooooooooboooon

ooooo O oooo
A -0.03711 0.03198
By 0.28478 0.01847
By 0.02511 0.00209
gooo 0000 NOOOOOOoooooOo
0.99565 0.07354 42




07 0D0OO00OO0OOO0O0O0O

08 OOO0O0OO

0000000D0000000000000000000
00020200000000000000000000
00000000000000000000000000 2
000000000000000000000000000
000000000000000000000000000
00000000000000000000000000
00000000000000000.995790000000
0000000000 99.579% 0000000000000
00000000000000 2000000000000
00000000 200000000000000 10% 0
000000000000000000
2.2 COO0OOOOO

00000000 CO0000CO00000000000
000000000000000SCC20000000C000
0000 BOOOOOOOOOOOOOO 0.8692(kg/m?)
00000
04,5,6000000000000000000000
00000000000000000003000000
00000 0.995650000200000000000 10%
0000BOOOOODOOOOD0O0O00DO000000
000100000000000000000000000
000D000000000000000000000

3 DOoOoooooooo

ooooboooooooooo3oooooooooon
cooooooboooooo
3.1 00OO0O0oOoIBOOOOOOoOooOOOO
3.1.1 00O

Oooo00ooooooooooobooooIBOoOOO
oooooO0oO0O0OO0OO0000000020030 1100000
00000 7,1200000000004000000000
BOOOOoOooCMX27ooNMOOOOOOOOOOOOOO
00000000 100000000 7200mm x4800mm
OHPOOOOODOOOOODO

oo0o0oO0o0OO000 1200000000001 0000A0
coOooobOoobOoobooooboOobooooobooon
ooo0o0 4000000000000000 30000
cobobooooobooooooooooooooobooon
ocooooooooOoOOODOOO0OO0OO0OOOO 100000

Fill Direction Warp Direction
® 1st Measurement o 1st Measurement

I = 2nd Measurement © 2nd Measurement

—
w

Iy
=)
T

oo

0.5 |

oca
[ =)

me
.

[

me OO
o

me O O

Measurement Stress (kgf/cm)
-
ue

Target Panel

1.0 I I I I I I I I I I I I I I
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Measurement Position

09 0oboOoOooooooooo

Fill Direction Warp Direction
® 1st Measurement o 1st Measurement

1.5 [ ® 2nd Measurement @ 2nd Measurement

oo
o
oo

oo
o
oo
oo
oo
oo

05F o ©

me 0 O
o

me oD
me OO

0.0 |

Measurement Stress (kgf/cm)

+——Second Panel— +——Third Panel —— +——Fourth Panel—

-1.0 L L L L L L L L L L L L L L L L L L

13 6 9 12 14 1" 3 6 9" 12' 14" 1" 3" 6" 9" 12" 14"
Measurement Position

010 2,3,400000000

Fill Direction Warp Direction
® 1st Measurement o 1st Measurement

1.5 H" 2nd Measurement © 2nd Measurement

0.5

meon
o
o
o
-
-0
[zl
a

0.0 |

Measurement Stress (kgf/cm)

Third Panel

-1.0 1 1 1 1 1 1 1 1 1 1
YC1 YC2 YC3 YC4 YCS YC1 Yc2' YC3' YCc4' YCS'

Measurement Position

Fourth Panel ———

011 3,4000000000000000

020000000000000000000000000
000010000000000000 1.2m000 800
000000000000003,400000000000
0YCIOYCSYOOOOOOOOOOOOO00O0oooooo
00000 2, 0000 yOOOOOOOO
0000000000000000000000000
00000000000000000000000000O0
01200000000 800000000000000
28m000000000000C000000000000
0000000000000000
3.1.2 0000
09,10,11000000000000002,3,400
00000 3,400000000000000000 20
000000000000000000000000000
000000000000000000000000 120
000000000000000000C0 13000000



Target Panel Second Panel

Third Panel Fourth Panel

| 7200 | 7200

7200 | 7200 |

of Membrane

Upper surface
of Membrane

012 00000IBOOOO0O00O0O0O0OOO0O000O000O0O0O000000Y?

Second Panel

Third Panel Fourth Panel

013 00000 IBOOOOOOOOOOOOOOOoOoooOoOO

ooooooooooooooo0 —0O0 1000902
ooobooooooooooboooooboooobobooooo
oobobObooooooooooooooooooobooao
cooboboooboooobooooooocoobooooboon
0070200003 00040000 6¢"0000001
Oo200000000000000DO0ODODOODOOOD
cboooboooboooooboooOoOobocbOOooboOooboOoooon
00000 YClOYCyY OOooOUoooOoOoyoOUooooo
cbooooobooooooboobooobooooobooooo
ooooobooOoOooD2000000000000000
coobooooooooooocOoOooocOooboooooao
oobooOoobobooooobooobobz,y0oOooOOOO
00 lkgf/em 000000000000 DOODOODOOO
ooooO0o0o0o000000b0000oo00o0o00000 30
cooooooooooooocoOooboOooboooooo
3.2 000
3.2.1 00O
obOooooboooOooboooooboobOOobocooDo
ooooooOoOBOOOOOOOOOOOOOOOOOOD
0 40000m? 00000000000000000000O0
00000020070 vOO0O0O0O0OO0OCOOOOCOO 600
oooooooOooOoOOODOODOOO0O0O0000 3000
ooooboooooboooooooobooooooboon
000000000 0.815kg/m?> 00000 14, 15000
Ooo0O010000000 6000mmx7000mmO000O0O0O

D0000000000D00000 140 A,B,C0000
00000000000

0000 1600000000000000000000
000000 1.8mO0000000000000000C0
D0CDO0O00CI0 C20000000 17000000
D00000000000000000000000000
D0O000000000000000000000000C0
D0000000000000000000 1000000
30000000000000000000000000
3.2.2 0000

0180 A,B,CO00000000000000000
D00000000000000000000000000
00000 14000000000000000000C1,
C2000000000000000000000(C1],[C2]
0000000000000 ADD0000000000
D0000000000000000000000000
D0000000000000000000000C2, B2,
B4, A2, A30000 1,2,30000000000000
D00000000000000000000000000
D00D00000000000000000000000
D0O000000000000000000000000C0
D0000000000000000000000000
D00000CIO0 C200000000000000000
D00000D0000000000000000000C0
D00D000000000000000000000000



|

O: Measurement over Membrane

x: Measurement under Membrane

6000

- Fill

l

Fill
»

Watp

6000

|

(=}
Allx x B3 S
O

|

6000

>
w
>< z ><
X
X

l

o
Clj|= X|C3 g
O
X —
C2
l 7000 J 7000 J 5200 l 7000 l 7000 l
014 oooo'®
il — e . ey —

015 0oooo'™

016 00000000000 O 17 00000000000

00000 1900000000000D0o00ooogoon

cooboocoobooooboooooooo
obOoocoOooooocbOoooobOOoboooooDo
1.5kef/em OO D OO0OOOOODODOODODOOOOO
000000000 5kgf/em 00000000000 OOO
oooooooooooboool1oooo0oobocbooooooon
coooooobobooboboooobooooo
3.3 OO0OO0OO0OOOODOO
3.3.1 OO
oobOoobOoooooOoooboOoooOoOoooonoo
cooboobooobOooooboboobOobooobOobooon
coobooooooboooobooooobooooobooon
coooooboooOooooOoooboOooOooboOooooon

«
S)

Fill Direction Warp Direction

e 1st Measurement o lst Measurement
[{ ® 2nd Measurement 0 2nd Measurement
4 3rd Measurement a 3rd Measurement

N
o

>
<)
T

a
o

>
@
[>]

o

o

»P® O
o
©
»e

> m 00
.
o
»e

Measurement Stress (kgf/cm)
&
T
»>e

me
=

m» Ol O
L]
»>

-

0.5

e p»
-p

0.0 \ | \ | | | | | | | | |
[C1] c1 [C2] c2 €3 C4 Bl B2 B3 B4 Al A2 A3 A4

Measurement Position

1kgf/cm -
1st Measurement P
—— 2nd Measurement Bl
3rd Measurement 4
Cc4 B4
g‘.
E%m C E%L c3 Bl,e%a B, e B3
! g e
n = =
i
c2 B2

Over-

019 00o0o0Oo0o0o0o

0000000000 D00000D000000DOoOo
0000000 4m0005ImO0000000O0O0OODO
0000000000 D00000D0DO0O000DDoOO
0000000000 D000000DO0000D0D0D0OO
00000000000 DOO0OO0DOOoOOYo

19960 7000000000 ODOO0OO0O0OOOOOO A
0000D0O0SF-2000001.3040.13kg 000000000
020000000020000000000000000
000000000000 60000000000 100
0000O0000000000D0 IBOOOODOOOOOO
0000000000000 D0D000D0000D0DO0OO
0000000000 D00000D00000DDonoo
000000O0o0oooo 21,200000000000
0000000000 D00000DO0O000O0DDooO
0000000000000 2300000000000
0000000000000 00000000000000
0000000000000 0000000000000 1
000000 3000000000000000000D0
oooooo
3.3.2 00OOO
024,200A0000000%90000000000
000000000000000000000000000
0000000003 00000000000oooon
000000000000000000000G, HOOD
00000000000000000000000000
0000000000000 3000000000000G



«
S)

Fill Direction Warp Direction
e Ist Measurement o st Measurement
E 2.5 [| ® 2nd Measurement 0 2nd Measurement
& “7 [| 4 3rd Measurement & 3rd Measurement °
< 2 8
) A
< 20 8 .
123
n (=] a
0 2 3 % i . ]
= . A
p=) N g 2 - 2 3
®n 15} 2 R = Y
= g ° :
a & .
o 8 o
g & g
S 10t
3
12
<
L
= 05
0.0 I I I I I I I I I I I I I I
A B C D E F G H I J K L M N
Measurement Position
g
3.0
Fill Direction Warp Direction
o Ist Measurement o st Measurement
2.5 [| * 2nd Measurement © 2nd Measurement
: 4 3rd Measurement a 3rd Measurement
o
20 F o a & a ]
] A o . S o
a ° 8 2
A A e 1 A =] g )
3 a 2
. 5 8 2
1 A

020 00000000000 300000000001%

T—.ﬁ-m

[ v, sngl
S I VIVIVIVIVIVRS

022 000001

023 00000 2

ooooooo2000000000000D0000O00O
cobobooooobooooooooobooooobooon
cooboooOooobooooooooOoooOoOooooboboOoon
Oo0o000ooooooco0o00ooo0 20000000
ocooooooobooOoOODOODOOOOO —O10

cooooooooooo

0270000000 QU BBOOODOOOOODO 3000
coobooooobooooodooooooooooon
O00oO000oO0o0oo0D QoOUoooMOOOoOooOooo
0000000 BBOOOOOOCOOODOOOOOOOO
coobOooboooooobooobooooobOooooo
cooboboobboooooooooboooooooboon
coobooooooboocooooooooboooooobcooon

obhme

Measurement Stress (kgf/cm)
o
T
orspm

Il Il Il Il Il Il Il Il Il Il Il
o P Q R S T U v w X Y z AA BB
Measurement Position

02 0000 OOBBOOOOOOO

02 0O0000000O00O0O0O0COO0OO0

obOooooboooobooboocooboOoocoooboonn
ooooooooboooobooooon
goboooooooobooooooooooooon
00000000 2kef/em0000000000OOOOO
0000000000000 00O0O0 1.502ef/cm OO0
obooooooobooobobobooboooboooon
1100000000000 00DO0000O00C00O00DAO
ooooocooboocooooon



3.0

Fill Direction Warp Direction

o 1st Measurement o 1st Measurement
25H™" 2nd Measurement o 2nd Measurement
4 3rd Measurement & 3rd Measurement

Measurement Stress (kgf/cm)

1.5 ] .

i § g o

.
1.0 -
Mr. J Mr. M Mr. J Mr. C

0.5
0.0 Il Il Il Il

Q Q BB BB

Measurement Position

027 00000000000

4 0O

ooboboooooooboooooooooboooooo
000000 A00DOOOoO0ooOoBOOCOOOOOO
ooooo0oooO0oooo0oOoooooOooboooboobo 20000
ooooooooOoOoOOODOOO0OO0O0O0 30000000
oooooooboooo

B,COO0O0OO000O0O0OOOOODUDADOODOOOOOO
+10%000000000000000O000O0O0ODO0ODOO
coobooooobooooooooooobooooboooboooon
oooooooooooobobooon

oOoo0oo030000000000000000000O0
cobobooooooboooooboooooboooooboooon
cooooobooboobooooobooooooooobooon
oooooooobooooooooooooooobooon
cooboboobOoooobooooooocOoooooobooon
coobOoocoOooboooobooobooobobooboooboooon
coooooooboooooooobooooobooon
cboobOooooboooobodooooooooooon
cooboooooboooooooooooooooboooon
cboooOooooboooobooboooboooobooobooon
ooobooooooooooooooooooooobooon
cboooooooooboooooboooooboooon
coooOooboooOooboooOoooboOooOoobOoooon
ooo

go
obobooooobooooobobobooooogo
oooooboboooboobmoboboobooooo
00D0o000o00ooooDooo IBOODDOOOOOOO
ogooobgoobooboobo@bobooobooooon
obooobooooboobooboooboboooboooo
goobooobobobooobobbooooboboooooo
00b0o000o0o0ooO0obOoooooooobooooooo
obobobooooooooboobobo

ogooad
[1}DDDD,DDDDDDDDDDDDDDDDDDDDDDDDDD
0,0000000000000 (00), B-1, pp.847-848, 2002

[2] S.W. Jin, H. Ohmorid Development of Measurement Equipment
of Membrane Stress —Evaluation of Added Mass of Air, Proceed-
ings of the International Symposium on Shell and Spatial Struc-
tures, Vol.1, pp.29-36, 2005

[E}DDD , Jo0goooboobobgooooboooobooooooo
0,00000000000,0 240, pp.105-108, 2006.12

[4 OO0 ,00000 White Noise 00000000000 ODOO,
000000000000000 (00), B-1, pp.809-810, 2006

[5] OO0 ,000000C0000000O000O0O0O0O0OOO, 0000
0000 2005, No.19, pp.35-40, 2006.2

[6] S. W. Jin, H. OhmorilDevelopment of Measurement Equipment
of Membrane Stress for Membrane Structures —By Using White
Noise Sound Wave, Proceedings of the International Symposium
on Shell and Spatial Structures, MB11, pp.170-171, 2006

[77 000 ,00000000000000C0C0COCCOCOOOOOOOO
0,000000000000000 (00), B-1, pp.915-916, 2005
[S}DDD ,00000oooooooboooooooooooooDooo
00000000, 000000000000, 0 6120, pp.111-116,
2007. 2

[Q}DDD , 00000 White Noise 000000000000 ODOO
0000 -00000000ooog, 000oooogo 2006, No.20,
pp.65-70, 2007.2

[IO]DDD ,0000,0000,0000000000D0000000
0000000000000 O, 000000000000 DOO (O
00), B-1, pp.917-918, 2004

[II]DDD , 00000 White Noise 000000000000 OOO
goooobooobooobooobobobobo, booboobooboo
0oo (00o), B-1, pp.909-910, 2007
[IQ]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD,
2006

[13] OOODODODOOODDBDSOOODOOOOOOOOOO, 2007
[14]DDDDDDDDDDDDDDDDDDDDDD,DDDD,QDD,
pp-239, 1996

[15] DODO00O00000, 0000, 900, pp.234-236, 1996



Development of Measurement Equipment of Membrane Stress for Membrane Structures
Using White Noise Sound Wave

—Correspondence to Difference of Membrane Materials and Practical Measurement of Actual Membrane Structures—

Sang Wook JIN*!
Hiroshi OHMORI*?
SYNOPSIS

A new method is proposed by authors to measure membrane stresses in two different directions separately, where
instead of measuring the membrane stresses directly, the natural frequencies of the membrane within fixed rectangular
region resonated by sweep external excitation induced by sound is utilized.

In this paper, through experiments it is proved that the newly developed equipment can be used for not only the
membrane materials of the kind of A but also for the kinds of B and C, and in addition, the experimental tests of
actual membrane structures are presented.

In verification experiments of the membrane materials of the kinds of B and C, we obtained the results that are
equivalent to those of A kind and this proved that the equipment is adoptable to any kinds of membrane by changing
the area density p, of membrane.

In the practical measurement of two kinds of membrane structure we measured stress from the lower side instead
measuring from the upper one. Although the difference of measurers could affect the result and there are some points
where the deviation of the data is large, it is confirmed that the equipment is still useful to measure without considering
the environmental conditions. On the other hands, through the practical measurement of the stress, it is proved that the
proposed measurement equipment is available to stably measure the membrane stresses which exist in the membrane

materials of the actual membrane structures.

*1 Graduate Student, Graduate School of Environmental Studies, Nagoya Univ., M. Eng.
*2 Prof., Graduate School of Environmental Studies, Nagoya Univ., Dr. Eng.



