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Glucose production and B-glucan degradation during Barley Ama-Zake mashing with
different Aspergi//us oryzae strains

Kanako SAITA* and Shigeki MATSUDA™
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KFE 100 g 1T L < BBV, KIC 5 rEIE L=k, /K
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2.2 HEALRE LB DT
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FEEERoTNE, LTINS T, -V D&EIT
T CICREBOEECEALN A BTz, No. 15 DM d
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— IR I ORI 2, BEOEET DIV
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R NREILED LT OIZIE., B-I v F—FIck
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DOEEERGICE > TN a—2ANEL A+ HIRE L
R AR 2 2 LML 2D,

X 4 {2 No. 12 DFIRETD J )V 3 — R AL EORK
M2 b &R L7z, No. 12 13 40°C L 0 & 50°C & 60°C T
BRI a— 2 BEITEE-> WD, Fa—
APREEIZT R COWREET, 6 FEMRECERIZEL
TWo,

512 No. 15 OFKIRETHD 7L a— R L EOR
28 2R L7z, No. 15 12 40°C L VW & 50°C & 60°CT
R 72 7V 3 — 2 DA IR LR £ > T D03,
46 FERIE CTITT R CORE CTRERFSE L 2> T
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NIHHNTZZ EBH No. 12 [ X HEE Y 1T L=
HEEbhnb,

3.3 B-JILAhVEDNE
%ﬁkﬁf?@B—ﬁwﬁf%fliéB—ﬁWﬁy
IR LS B -1z, ’ 7~ 912 No. 12, No. 15, T
%&C@ﬁﬂki#%kfﬁéﬁ%ﬁﬂ@@%ﬁ%m
BE D% -7 N1 o BRER R Z R LT, No. 1212
WX (B 7) REBAOIE T IVT) o &R 55
F Lo TR, B DB TV 71— M8
Wb EEZLND NEVE L7 b OICB LT
LOCHBIRENHN D _onfywﬁ/iitsz
V. No.12 D7)V HFT—FIT40°CTH - & HIEENS
WE RIS, No. 15 12OV T (K 8) . KEHD
BT o BITFRND 3 43
BIERL D BXPE TR ) DTNV T F—E DM TN D S
DEEZLIND, MBI L7-H OB LTk, 40°C
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Effect of Aspergi//us oryzae inoculation to Tofu material for the nutrition components

in Tofu-no-misozuke

Masako YUNOUE and Shigeki MATSUDA

TS AR L C, F003. EOF F GHR) 25°COA + 3 2 _X— 2 —T 40 BRI LT, & AT 90 HRENEFAA THIE

DHZETUT & LT, Hoik, Ztiefl L7 oot sy

HE R LTy, ARMEEERR, 4% Y 27 m iR nTavEEEsR,

5% =T /L7 )V a—/ LR OREFI T AEBTBEIN Lz, EEOETASL IR TIL. ZADLORG O 30 HERE, 13F—
B e~ T, B EHERE L= SIS ORS L\ EE B L2 T K 0 RV ETH Y, AKstEsEs, 4% Y 7 o ofggeisit
EH, %I VT L a—/LRAMEEROMRERIT T HEEIIRE Y @ o T, BEEMRGY DR Y 7 IV DR T h LR AN
NIV AV U hOEEIRY 7 I ThDH & SIVTRY AR LI B ORI THIRX L 0 < EF v,

1. (XLE®IZ

REARILFE DRI T A O—IE TEEOARZE
T BNETFOND, 20 THEORZEET] iE, 1200
P ZREARIREREERR AN TR OBEHREIZ L - T
RIERE LRI SN Z L2V E ShTQn s,

[GEOHEET | TEEAREEZKE0 L, %
BRTRRAZRE LR E LTtk A0 ASOHRE 2RI L7
BN 2~3  ARHETAATREET D Z Lic kD, A&
ZICEENDWEYIEE OB E TR S, A0
IR E F— R BIEMFOND DO TH D,

MR TG XS | bUBETERE L, BMEjus
EEIETH (b A ITIETIAAL TRk SEREE IS
N, ZOWRETRECHMAEDZ VWD Z L ic X0 2k
MOEMENAK LTS 2,

£, FTEO FUE) TEEOERmIIT B BHHS
B THE OEARTHINCEEORLEE T4, e
HEBHDNNTEE T & DY ABIETIAA TR S H
ZbDOTHD, Aksteade & GIEOFMEEN 2D 5T
oL LIDREBIZZR D . F—AD X5 72 Bk & JmE
WMESND VL ENTWD,

L], [TIEOIHFIET) OB TRETY., Mk (G
) 2, Byl I OREE 2 X 0 BB oA R ORERE
X0 Z RO RAAE L, HEREM R A Bk
T5Z IOV THRRT LT, BRI AT Sl s,
AN TWEHOEEH LT,

REREMERR Y & LCIE, F /7 SERKE, F—XR=
— 7V b, E e EORBERMICE Fh, FLEREE L
PN OENENE SNDRY T2 Mo T
Bt L=,

2. E£EAE

2.1 8T
TIEOHFETI, SETR DITH-> T, T
B2 HE L C, £720E, O F F GIHR) 5 L7214,
H AT IAA THRELL T2,

----- -
A

b

=

HER

w
i

&
|
b

A
BEAZET

M1 EEATETEETE

2.1.1 RHEEEOHRER

FERMT D TIEEE, woERRER (RS CIIEEKR
GAMHLUCEAATRL, BEERIE LTI Lhi
BRIV BRA L TNZ., FREM G ELER Tl
BTz, £, AEETRBRCIE, HIRAREE2E
T L TREID LTHWWE,

2.1.2 HEFOFR

24 THFRODOIREE (Asperguillus oryzae 14 ¥R,
Asperguillus sojae 6 ¥k, THIRFEREA 4 1K) 2. 7 b
TXA e — AR TR 04AEFTTHET



{HERIIN A 5t O BEREVERZ B (2 BE 3~ 2 WF2E

30°CHA v a—H—ThE L, M2 EEITIY
£ LT,
2.1.3 EEOFIRAER GIIRHR
KT UT=E5% 3em 1281V | 24 FEEHOBIE 2%
AETRA AP KIERBE L7 b &R L, 25°C
DA 2 F 2 _X—HF —T 60~65 FRFHRE L7~
2.1.4 £ AH~DEITAH
HERTHO AR, RUITRLIE T~V OIET
RAE KA DR & EPEOINE TR L, B (Ia
) B U U7 B AR T IAA, TR (5°C)
WZHRFL 156 H~90 H CREAZ L& df~7=,
& 1 TETRORHR

No. H#Z(g) ZRIE (1)
I 300 300
11 200 400
I 150 450
v 400 200
\4 450 150

2.2 s OIRR

R BROEHT, 0, 16, 24, 32, 40, 48, 64 I
TN 770 7 L, SIS LTt LTz,
BT OFEHL, 0. 15, 30, 60, 90 HETRHAY
WY T UBTEERAE LT,
2.3 o
2.3.1 K, pH

K57 BRERER L G 2 N By 7 AT 4 VA
ARITRFER L, 70°CC b IRFfHlUERatE L7,

pH : HOREREMEE L 72V kb2 10g FEECL ., 7K 40ml 20
ZCpH A—X—THIE LT,
2.3.2 BFXS
(1) *z=k

B POMIER BRI I VA — VEFSTEE (7 &
AT/ ) THIE LT,
(2) fi% 3y ezEs

[SETREINT N BT > 7 ) NCHET T, B Y
7 v e R (TCA) PLIBIX 43 - a6 & [RIERICIRIE L7z,
(3) JKIRMEZEFR, TCA AIVAMEZEFR, 75% 7 /L a—/LaliE
PEEESE

D OIFENHEC TIT, & 37 BRI EER,
o LR (~XTF R) REZEFE TCA Al bR, JEH L)
I (T F R) H%ERE 75% 7 /L a— /LAl bR A FHRIC
L VRDI=,
233 Ry7=zy

CHr « Bdh s (1)) YICHEC TfTo 72,
(1) FhH R ORI b

B} 10g 259 %S 50m] Chi L. 3000rpm, 10
rfEhE o BE L, No. 5C DARKTAIE LTz, Z DA%
40%NaOH THFI L, BEEREEIHEZINZ ., A A 28kt

JET > /=T A k 0G-50(Type I, 100~200 A v =)
ZFE LI T N CHIERZAT -7, BT ORI
El%HoinradA KT8 NARKTE 2y
254 MEL7f%, hLmiAcBl, Rmi % 50°C
PUF ORI EEME ChrE | X %27 b=k UL CTHEM
L. HPLC TH#T L7z,

(2) HPLC D&fH:

SEE - EIRIAR 7 v~ 275 7 1680 (H ALY YEHER)
# A ¢ Lichrospher100RP-18 (e) 5 1 m (BEHA LK)
BEE : 7 b= K VUL 7Kk(60:40) ()

7 h=hFU/:k(80:20) B)
715 2 0 0~10min : A100%
10. 1~25min : B100%
25. 1~40min : A100%

& ¢ 1. 3ml/min

WaHes - AoeiH s Bx325nm,  Em525nm)

NEREEYE : 1,6-27 2~ T HRE
2.4 THERGDAHT

MRSV TV D EEOARZET 9 JUITHONWT, 2.3
R0t atT o7,

3. EBREREIUER

3.1 HEEDER
24 FERFADIAF % FAV N T T - T i BROFE 4 3% 2
LT,

ZOHTIL. No. 24 (Aspergillus sojae TF032074) H3
5 T EREMEAR, TCA FIEMEAR, 76% 7 /L =1 — /L]
WEROETIZRW T bV MEZR LTZ7zh, 20
P OFRBRIT 1 IH8E No. 24 2 LT,

K2 CIERRRER
paile) HRH Hes I hE Hes I hE
No. KEEAR (%) EHR(TCH) (%) 25 (Ale) (%)
0 5.2 4.0 3.1
1 9.4 8.1 5.7
2 12.3 10.5 6.4
3 6.6 5.9 4.3
4 8.4 7.5 4.7
5 4.3 3.5 2.1
6 3.9 3.3 2.3
7 5.4 4.5 3.7
8 4.9 3.8 3.0
9 5.7 5.0 4.1
10 7.1 6.8 4.9
11 6.0 5.2 4.2
12 5.8 5.2 4.1
13 9.6 8.6 6.4
14 6.1 4.8 3.7
15 6.7 6.3 4.3
16 5.8 5.2 3.4
17 4.7 4.1 2.6
18 4.2 3.5 2.2
19 6.8 5.1 3.1
20 5.2 4.1 2.5
21 12.4 11.4 4.8
22 11.2 10.1 4.0
23 7.9 7.6 5.2
24 14.3 13.7 10.5
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3.2 EiiR TR (RUSED (THTHBREL

308 No. 24 ZHEE L7 58 &R & L O 294
LAAWEIE 2 Z NN 25COA ¥ 2_X—F—T 64
Rz LTz,

0. 16, 24, 32, 40, 48, 64 BHCH LTV 7L,
T EAT S T AR Z X 2 | TR LTz,

RGP IBIEE X & REPRIX ClE & A E—Br LT fRRE
Az R L, 40 B4 50. 0% £ T 64 B
40. 0% FE T LTz,

pH I3, BBl A XIS 32 R £ TIR2 IR L., 40
R B U722y, RERRIXIE 48 el E5- LT,
B IX Tld pH OZ I N E Do 72,

FEERIT A8 FHHRICEBH 5 B 9. 0% 55 6. 5%
FTETF L

K5 (%)

BARER (BRfE)

o
g 9 #10
# R 8
m 7 § g W
E ; D2
5 X0
0 50 100 a 0 50 100
SZIREER (BERR) BrIRERR (BERE)
g1 X
gn % 6
B 4
g4 %2
g5 o
i 0 20 40 60 80 S 0 50 100
2 EN
EZIREERT (BSRE) SZAREERE (FERED)
[—o—xRE —W—HEEEA |
2 T HE IR SR (BTN, 24)
fisz LRI BT BIKEMEER, TCA I EER,

75% 7 /b1 —) LAl bERI 40 FEaE CRBE I X &
S Uiz, BBl o R 8 8. 6% 05 6. 2%
WD L, & X7 K bR, TCA IR, 5% 7
L a—)VRI LD ENZEI10. 4%, 9. 1%, 6. 1%IZ
R U702k U A HRIXDOZA LI 6. 6%, 4. 3%, 2. 2%
NS0T, BEEAXCIE, B L 2oy
EORESI, KRHEDT 2 BT F Rip LIk
fELizb ot EZHND 2,
AU T 2 ATHONTIE, 40 B OBEF X & 5t

BXCHIE LR a2 £ 3 1R L, BRI

L2 Put), BERY o (Cud). F7 2 (Tyr) M
SRR TRV ME T H o 7203, A~V I 20 (Spd)
LAYV (Spm) @V MEZE R LT,

3 40 BB OR Y 7 I g8 (ng/100g)

RERX. 7 haw Ay AR AN N TN
1 2. 69 2.39 0.18 2.41 1. 36
2 5.57 4.79 1.53 0.45 0.74

1 B X
2 BIRASEIX

3.3 AFEITIETORBELL

18 No. 24 ZHERE L Cizlée L 7- 58 & xtiRIX o 5JE
#4250g ZIRITIR 600g (&I IAA, FRHANZHT 7
I U, OTEATOTRERZIX 3, RAITRLT,

KEy. Yasy. KezEdh, Wik LU REEESE, KintEE
. TCA rYRMEZESE, 75% 7 /L a—/LRliRMEZESE1 30
HURE—EDEE o7,

KT, W 60~T0%0D DA% 30 BI4I21E 50% 5
2720, EMHERTRZENZILT 1~5% 1 & TeoTe,
HZEDEERZNIV &V OIETFKR T, #5503 5~6%
T, B U TEARESEER, TCA AT bR, 5% 7 )L =1—
VRIS, IR X EXIPRIX TR & A 20370
MoTz, TIUTAEITE FNDEEEMER EORE
MINDB\NT-, B TRE O L7 B OfER OZh R
DHEI ol bo L Bbns, i, AEOEE
VDI T~ CIIEBREE X & SHRIX T oo 'g
DFEACRDFEN K E Do 77, B X TlIIE O
FERIZ L0 & T E ORI S, YEtED T
X ERRAT T RN LT B2 LD,

BIROBED DS EN S DIFHGE SR H TH
%, BEOEED GV IRWINET 7= S O 1T
1. 7% TH 7203, T OSHTHER TR bR H D
D 1.8% L V&> T=DT, BRRORTHHTHD, £
7o BRI TGN TR S, AREOEIE 2\
DT IT—)VGH 9. 4% & S < IR bE & B
2 BiLb,

®
IS
S

s ¥
= B
s, H
# H}zo
oy 4
H 2 #
K
0 *
0 20 40 60 8 100 0
0 20 40 60 80 100
10 40
g g
ik i
i el
. 4
b 4
o <0
0 20 4 6 8 100 0 50 100
RENM (7) REBRE)

| m—EmER  —o— =R

B3 BIEPDF Ry BB LR DOESL




{HERIIN A 5t O BEREVERZ B (2 BE 3~ 2 WF2E

Fd HEET 3 0 HELOW S K OERLIY

5 (%) P Zava Y BT E LT NE

o o O KFEILR (%) 2 (100) (%) 23 (Ale) (%)
oy

BEGUT KR BEET KR BEGET MR BT xR

I 3.5 3.4 40.3 30.7 37.9 29.3 31.8 24.5

O 2.3 2.4 311 264 286 246 235 20.7

m 1.7 17 331 232 3.1 2.6 235 17.6

IV 50 4.6 382 37.3 354 351 30.4 3L3

V 56 55 41.2 39.2 40.2 37.2 34.4 32.6

b hORFERZARY 7 I L &b Put, Spd, Spm
D 30 HFmEEORERZ RS 12, kA s v~ 77
LEX A4NTR U, TR T~V TR XA
X &b LTV ME & o Te,

F£5 HZEEITOHKBZDOARY 7 I (mg/100g)

FhLRyy ARV IV AL
TR

B BMEMEH R A
I 13.06 2.66 0.34 0.19 0.18 0.16
I 9.55 4.51 0.32 0.20 0.10 0.08
m 12.20 2.46 0.31 0.20 0.09 0.04
v 7.55 4.92 0.50 0.21 0.15 0.02
VvV 10.25 4.91 0.49 0.28 0.05 0.14

100

gy,  HEER
THAYY
o
AANEY
(o]
100
THARYY ol
ANy
> 50
3
ANIEY
[o]
o] 5 10 15 20 25
BRA((55)

X 4 RV7IvoEERksa~ 77 A
(& 5K (D) 1230 A{RIA)

F 72, ETRMOBEF X CTo Put, Spd, Spm
A 5 125 LT=28, Put AMES TS & 312 Spd. Spm
VIHIME R Cdh o 72, Put 725 Spd 3AK S 4L, Spd 7
5 Spm NAREND Y Z L o—EKER LT,

35
30
25
=]
3
2 20
=
£
= 15
o
< 10
=
5 <
0
0 20 40 60 80 100
AR
11
RERER)
05
0.4
S
=
i
£
<
<
8] 20 40 60 g0 100
AR
5 FHETORY 7 I 0l
4. HHYIC

TGIEACET ) ORSETRRUGEDTZ O, FkT
e (A CREEZ MV, AT TR CIIRED
DRE) 2R RICHOTRIEZA T, Rotiiis & 2
PROBFRIZIVT DRKGY, EEFRGY. BRREMER Y & LTOR
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VT X v ORI OV TG LT,
FERIILL T LB,
(1) EEOUEeRERZ1TV, 24 FHOBH DY b, ¥
LRI EDORAEERDEN N No. 24 (Aspergillus sojae
1F032074) %384k LT-,
(2) FBEE No. 24 % W THZGERBR 21TV, BRI I
DUNTHRET LTRSS, B X T2 o7 BEKEE
HTCA AT R, 15% 7 /b 21— LAl bR e ]
Ze, MZ R ENBIMEN AR LT, ZDZ END
B TR CHWA Z ik, X005y
FEDMIEE S, AIRIED T X o7 F RN L
7o Z eI Tz, B RIX CIIRE 40 REf% OR
U7 2@ Put 13072< , Spd & Spm 3%HRIX L D 7
<77,
() KFEHbEHZT LIRE TR LB RIS S
J& 2T AR A 2RI DU TR LTRSS, 1A
7230 H CHRIRIE L 72> 7=, ARU T 2 D Put, Spd,
Spm | IFBEEE A X CRl M CRE Lz,
(4) TETERIL (A% : ZRE=150g : 450m]1) {Z{E I HAATZ
B MIHR 1. 7% Criflidh & i U CTie b IKD -
72

x &
1) ZRHIFH : & 555 5 BEI B e —ShERMmo Rl
BT & HRIRTIREH —, BRTHE 37, 403~409(1990)
2) HMIENE - OB - ERGES - BURERE - S & %
AABE AR - 21« GRER TR DA DI
JE, ARTEE 39, 870~877(1992)
3) VELRE T - VEEARTEME - KRR KO R OBk, B0,
p196(1971)
4) BEFEE: NV T I RE~ADF—U— R, ROF,
309, 40~49(2003)
5) /INEHTTRR « $RARFEME - S5 R B | GT R HT N
K77 (RS, HU0), pdd(1982)
6) ZZMIERE « AAHTH « SO ERE « INEAELE © Monascus
JBEAE VWL D 585 OB I HIPRG D%
fb, BRTEE 40, 331~338(1993)
7) BAREERETES - ATt LRREs - B - Al
i (11 Ok, B0, p615~618(2006)



(] MBS (=2 —n) ZRA LA A5 ) — L OREICET 2058

HEREEE (a/—IL)EFIALENAF IR/ — )L OSSR 581K
A FRERT - AREE A EH T kA=
* MAEMCAE. EARREREBRESEASEERE
Development of Bio—ethanol from Citrus Morasses

Shigeki MATSUDA™, Kanako SAITA*, Shingo HATADA™, Kazutomi UEDA™™, Yuichirou NISHI **and Kinji MIZUNAGA™*

MDY 2 — REHMNDFONDS Y 2/ — /v (BEFEE) Z BRI, A8 ) — VA EFET HZ 8% BHRICRBRE T
Teo Vo) —IVENRAINTTZ ) — AT DT DFRIBERE O TG K O OFEBESRAFE IOV THRET AT 72, TTIRER B
B ) — VEFERETNE NI E T ha— LR E L TRAL, Vo  — IV EENAREEA A DB 2R T 572 | iR IR INZE
KM COEFTRREATRoTEZA EIBAA A BENHERII, 207280 | RIS ) — VR FEE TSRS RRI
WEFFST-BERN L E THAHEZ X O, £ITC, Va /— )V K ONR R FRED DB AR A BERUS L, 2O G| iR E
W, avha— ke RSOy ) — VAEERE N R A -8R (Trulaspora J&) %8R LT-, ZOB AR ORI
DWTREZEITV, AT — A7 v 7 RBREAT STk R WAL BRI 72.8% Th Tz, IHICHMEREE 1157

OIS BETRINEE H Ot %18 O 7= B2 WA & TV =2 ) — VDR I I L= o2 ) — VR BE S R RIS o 7=,

1. [XL®HIC

FEARIRIZBWTIE, INTAEEE LTEPA - F
BEFHKD 12, 000 b A3 HEE S ALK 3, 000 b, 4
DOFMEIETREN A U TN D, Z OFEETRIED
JEFRICEVELND Y 2/ —)VEH 300 b/l 4RI
FoTEY, BaMcinZEA8 L TWnAHIzH, N
A A< AERELTHFEEZLND Y,

IO, RBEARBRESEELILFE T2 ) — L DH
ROV TR 21TV, RIC =& 7 —ufb
T 5 72D OFHEERE O BUAS K ONE OISR Z 2D
WTRETZIT o7, RBEREICTH DV = ) — L DFF
PEART 5 & & b ITREBEEM: O & OB 2 8T
DIDIWERO AT ) — 2 TEITONA G H ) —
IV FE D FERERRBR 21T - T2,

2. EER

21 TH/—)LHEARICAVN-ER
211 TRERIZKDEEBEMEDRET

(1) =¥ ba— ko EE

AEM AN Y 2 ) — Lzl L TN D & E
2D AVTEHEE S OV BEFE R R OBERE 11 BRZ A
L. Yo/ —VEEME L CRERBREZIT o7,
NBRC224 FZ TXNBRC345 D 2 ¥kis— & ) — VA PERE
ICEN TV, o ba—ufk e ULTGER LT,
(2) ¥ =/ — VD RHERR R E
e UCERT 5 Y 2 ) — VEIRIC IR BRI %
1ToTEY, WMEEA A ITBOAEBTICEREE 5 2
HEEZLND T DRI THEiEA A IR 2|
E L7,

212 BHAEEBBORSEREE DR
B AEBERE O T BAEERTME S P2 ) — D& ) — v

FEBE\ 3l U T2 RE A S35 72D R BRI D B 8 K,

Vo ) —=s SKROBERREE SEEL, =X ) —
IVIEEEVE ST, R R 16 Bk b o b —
VR ERIZE DT & ) — VA PERE ) K OV O RS BRI
i 2 - B AEEERE O BUS A2 B & LTz,

22 HEEEHDORE

221 TR LD HEERER

R FRIEN 15 DN B AERERNCOWT, iR
SR OMETEIT o7, #BRIT Bx 207 | IR (29
~35°C) . pH #EFH# (pH3. 6~4.0) DEAFIZHBNT,
NEREZ =% ) — VHRFEDTZ D Z L ZRE L Uiz,
FhTa )=V E T0%LL EEETE 5 2
EHRHEL L,

222 R— L7y 7Bk
BEHRENOE LN AERBRICOWT, Kb
& ) —VAERED Lo - EEE VW TARRE 10L TO
R =T v TRBREITV., =X ) — )L DEFENE
FVEEBEILS, Ay —LT v FTRBOSMEK 1
R,

Va )—UE (Bx20° 10kg)
| BT A
WA (10kg)
l
Loy B (R AR (7. 8kg)
| 7

T )—)VZERETR (0. 48kg)

1 Va/—VEHWETR ) — L3RR
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3. BRRUER

3.1.1 TEREERICLDHEMDIRET

(1) v ba—ROERE

HIREERE 11 kA W TV 2 ) — L& e LT
AR 21T 72 o T iR A2 3% 1ITR T, NBRC224 J¢
TNNBRC345 O 2 Bk & ) — VA PERE JIZHENL T
7=, v he— U EE LTEN L, (D

#1 KEBEROT S ) — N
o =T — VA TER
IR &Q%)iﬁi
NBRC 216 491
NBRC 224 6.22
NBRC 342 2.34
NBRC 343 2.22
NBRC 344 2.27
NBRC 345 6.15
NBRC 347 1.45
NBRC 348 1.12
NBRC 349 1.28
NBRC 365 2.20
NBRC 1955 2.28

M F ) —)VAERERIT20° Bx Vo / —/LktH

TSR
fEEERE - THAREERE 11 B
fEFEEHL:20° Bx Y2/ — Vi

B2 100m1
BRI E 130 (°C)
FEAEREE : T HE
Bk - FER AR

(2) ¥ =/ — IV DB R E

T, Vo ) VP OMERA A U IFBROAFIC
WA B2 D LEEZLNDTZOMERA A 2 1R %
ELTAER, Yo/ —VFIR Bx 65" ) 121K
1300ppm B EN TV, Z D=8, HilRERHZ O
T.ohET - EERE I ZE KBS K ORI INZE K ES M (A
A 4 600ppm) AW TAEEFTRBRAIT o728
A, BRI RGO A A L TE Y,
THlEA A2 LA EFMEN R I, (F2)

#2 BEROAEEIC T REORE

e - A fER RN
AR ) 2R B FERBEH
(CFU/m1) (CFU/m1)
NBRC 216 152 46
NBRC 2214 168 53
NBRC 342 177 35
NBRC 343 152 24
NBRC 344 161 21
NBRC 345 173 37
NBRC 347 168
NBRC 348 155
NBRC 349 172
NBRC 365 152
NBRC 1955 172 45

Fiz, ar bue—LBkEHWT, MEEA A R
DENPFEEEE L RFT B OV TRFT Lz &
A, BERE 2 BRI REER A A IR E 0~400ppm F T
IIREEEREFE DK TIXIEE AL RSN~ T223,
800ppm LA ETIHE T 2MEmN A5z, (3 3)

INHOZELD, ML ALz br—kk
WZxF L CAEREZ LIZT 70, EERmHE 2 F 2 7=
Rk 2 LAEFERZ @D D 2 & T, SiRMIic ¥
J—IVEENRTE B2z LN,

F3 BRHOAEBICRIETHROBE

0 400 800 1200 1600 2000

EREE R ppm ppm ppm ppm ppm ppm
NBRC

994 0.066 | 0.065 0.042 0.032 0.026 0.021
NBRC

345 0.058 | 0.054 0.035 0.016 0.014 0.014

fE S RERR RN S (37 va-212. 8% [20°
Bx Va /iR ERIFORHRE] R ~F kv
2%. BERETXZ 1%, MHEED Y U A& W THEEEA 4
VBB 0~2000ppm |2 3H%%)




MG E (P =/ —)V) ZRA LA A X ) — L OREIC BT 5058

312 HEBBONBLAEDORE
BAERERE D T S AERIHE L Y2 ) — D & ) —)L
R LR A BUST 5700  RERIE L V2 )
—ILING 16 R ZDBE L, =& ) — )VIEEE 2 G~
ZOfERay be— Bk RIEO X ) — )VAFERE
J1 K OVEOMEERTTE 20 % 7 B9 AR RE 1 BR (R E 7%
WHROZE LTz, (F4)

F7-. ZOBEEERICHOWT., RERBREITR o7
L A, Trulaspora J& EHE I NTZ, ZORBIZHEE
SINDHA MR, =& ) —NVAEERNERT D
TN—"T ATV, 7= /) —NVEEEETDHT
I—TERN BTN D,

F4 DHEEROT Y ) —)VERERE

T ) —)v

PRBER R (%)

NBRC 224 6.26

6.13

=MAN: B 7573
NBRC 345

28
®&
N

e 0.25
0.34
0.86
1.04
0.83
3.21
6.22
2.13

e
CHSHCHGHCHCHCONS

BERERS | Ua ) — Lk

0.80

1.22
0.97
0.32
2.22
1.21
2.22
0.83

SASHCHONCHENCHCR:,

32 HEEEHORE

321 BRI KD FHEEAER

BRI D DN BAERERHC DWW T, fii 72
WSRO 1T 70, TOREE, 200 Bx | 29
~35 (‘C). pHHEFHEL (pH3.6~4.0) DFELEIZHBW
T, B ) — A ERBIZHERE LV = ) — o
oy 2 90%LL B TE D Z L 2R L. (35)

#5 BEROAETICKIE TR OEE
SyHTRH Bx
e 10 | 20 | 30 | 40 | 50 | 60
——
5@%*}%{&& 02 | 0.7 | 103|254 | 319 38.3
(%)
i 32 =
*E{?f'f 96.9 | 94.7 | 46.7 | 0.7 | 0.4 | 02
(o]

322 Rr—)L7vTHER
BEHRENOEONZTHARRIIOWT, B2
0L TORTr— T v TR E4T-7-, =% ) —)b
DEFEAR F 0 X (EHNE) 1359 15. 5% (657 Bx ¥
= = JVFEIRIZRTLTC) Thoiz, (F6)

T, =& = VOBREY FEiE) 1349 21.3%
(65° Bx Vo /— VFKIZXILTC) THDHZ
D FEIEHRITH 72. 8% ([SEHME BEFHE] X 100)
Tholz, BEDHRIZOWVTIE, —KAIIRIERD &
WEERE DA 85~90%FEE TH 5 7= O REEREIZ D
WTIISEO KRR 5 L E 2 bN-Y, b EERE
DOFYBRT = # ) — VAEFERE I Db 24T 5 2 &
TWETELLEEZLNT,
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F6 A—T v TRERICIT B REERE

N 0 24 48 72 96 120 144 168
ﬂﬁIE E PAY, PR, PAY, PAY, pAY. PRy, PAY, pAY.
HFEI% HFEI1% HFEI% HFEI% FFEI1% R[5 1% HFEI% R[5 1%
FREBERE (%) 12.80 11.80 9.36 6.80 4.80 2.64 1.00 0.56
PEHE (%) 0 7.8 26.9 46.9 62.5 79.4 92.2 95.6
XX ) — VIR (%) 0 0.50 1.72 3.11 4.20 5.08 5.90 6.12

X & ) —)VERET 20° Bx Vo /) —LiEOEER

29

IS A HEERE: Trulaspora J@ (B 7R B K)

i)

2)

LS H:20° Bx Y2/ —/b

Bt 100

BRI E:32°C
FEAR IR 7 H S

AR T  whIE AR

3Rk

FEAHR, B2 A A ~ A = R AR BN, BRETITE,
No.142, pp13-19, 2006

WARER, BIERRUERARE ~OPER, REELEREE
No.1, pp19-21, 2005
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Study of Characterization of Aso Oudo as Constructed of Iron Oxide
Tomoko SUENAGA*.Kouichi KURAMOTO*™ and Megumi TAKAMIZU*
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Development of Functional Table Ware and Light Using Porcelain Manufacturing
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Development of High-speed & High-definitionLaminated Electoroforming Technique of

Nickel Thick Film
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Elucidation of health function on fruits juice extract.
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ABSTRACT

In order to create a sustainable and comfortable residential environment, eco-materials are
required to be used for constructing buildings. Wood is one such environment-friendly
material. In the present study, the sound insulation performance of three-layered walls and
floors composed of cedar plywood was measured and evaluated following ISO140-1,
ISO717-1 and ISO717-2 standards and was compared with that of a conventionally
constructed floor and wall. The results are summarized as follows: (1) The newly
developed three-layered walls demonstrated a higher sound insulation performance over a
wide frequency range than the conventionally constructed wall. Clear reduction in sound
insulation performance by the coincidence effect were not found (2) When glass wool was
inserted in one of the two air layers, the sound insulation performance was clearly greater
than that without the glass wool. (3) Outlet holes did not decrease the sound insulation
performance of the three-layered walls. (4) When joists were inserted at an interval of
433.5 mm in the lower air layer of the floors developed in this study, the lightweight floor
impact sound insulation of the floors with rubber supporting the upper air layer was better
than that with timber supporting, which in turn, was better than that of the conventionally
constructed floor. (5) Even when a CFRP plate was bonded to the lower surface of the
floor, the lightweight floor impact sound insulation did not improve because of insufficient
bonding. (6) When the joist interval of the lower air layer was reduced from 433.5 mm to
289 mm, the lightweight floor impact sound insulation decreased, except in case of the
floor with the CFRP plate bonding and with timber supporting the upper air layer.

1 INTRODUCTION

Recently, the public demands for comfortable living environments have increased. Some
of the factors that degrade the quality of the environment are noise from aircrafts, road traffic,
railways, industries, and neighbors [1-7]. On the other hand, materials available for building
a resource-recycling society are required to be developed in order to decrease the greenhouse
gases emitted as a result of the construction of buildings [8—12]. Wood is one of the most
eco-friendly materials.

Since the composition of wooden buildings is usually very complex and their physical
characteristics are not uniform, it is very difficult to theoretically estimate the transmission
loss and the impact sound insulation of the composite wooden materials. Thus, in order to
know the practical transmission loss and impact sound insulationvalues, the measurement of
sound insulation performance of real size materials is useful [13].

* Email address: nakamra@kmt-iri.go.jp
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In the present study, the sound insulation performance of various three-layered walls and
floors was measured in reverberation rooms, and the effects of various components on the
sound insulation performance are discussed.

2 METHOD

2.1 Measurement of sound insulation performance of test walls

The test materials included a conventionally constructed wall and three-layered walls, as
shown in Table 1. The conventionally constructed wall consisted of a 12.5-mm plasterboard,
105-mm air layer in which a polystyrene form was incorporated, and 9-mm lauan plywood.
Twelve types of three-layered walls—with three types of structures, structure I (12-mm cedar
plywood + 105-mm air layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar
plywood), structure II (12-mm cedar plywood + 66-mm air layer + 24-mm cedar plywood +
66-mm air layer + 12-mm cedar plywood), and structure III (12-mm cedar plywood + 66-mm
air layer + 12-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood), with and
without glass wool and with and without an outlet hole—were used.

Table.1 Conditions of wall materials

No. Surfa((:;:)a terial Up&?:;:riire-lsasy - Center material Lom?Z:ri\re-lsasyer Bacl:r:]nr:;erial c:::::t SOIZ(:IZI;;;

(mm) (mm) (kg/ni)
1 12.5 Plaster-board 105mm  Air-layer ﬁt)steizgstyrene-form 9 Plywood No 20.7
2 12.5 Plaster-board 105mm  Air-layer ﬁ?;;ggswrene'form 9 Plywood Yes 20.7
3 12 Cedar-plywood 105GW( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 31.7
4 12 Cedar-plywood 105GW( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 31.7
5 12 Cedar-plywood 105GW( insertion) 24 Cedar-plywood 66 12 Cedar-plywood  No 33.5
6 12 Cedar-plywood 105GW( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 33.5
7 12 Cedar-plywood 66GW( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 30.0
8 12 Cedar-plywood 66GW( No insertion) 24 Cedar-plywood 66 12 Cedar-plywood Yes 30.0
9 12 Cedar-plywood 66GW( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 31.7
10 12 Cedar-plywood 66GW( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 31.7
11 12 Cedar-plywood = 66GW( No insertion ) 12 Cedar-plywood 66 12 Cedar-plywood  No 22.2
12 12 Cedar-plywood = 66GW( No insertion ) 12 Cedar-plywood 66 12 Cedar-plywood Yes 22.2
13 12 Cedar-plywood 66GW( insertion ) 12 Cedar-plywood 66 12 Cedar-plywood No 23.7
14 12 Cedar-plywood 66GW( insertion ) 12 Cedar-plywood 66 12 Cedar-plywood Yes 23.7

The reverberation rooms at the Kumamoto University were used for performing the
measurements. As shown in Fig.1, these included an upper reverberation room (179m?)
and a lower reverberation room (98m?) divided by a floor slab with a thickness of 24 cm
and an open area of 2 m X 3 m. The measurement of the airborne sound insulation
performance of the test material was conducted following ISO 140-1 standard by setting three
panels of size 910 mm x 1820 mm in the open area.
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Reverberation room 1
7 V=179m?
Z
Z
Test material ?
Y
Reverberation room 2 %
V=98m?

Fig.1 Plan and cross—section of
reverberation room 1

The test materials included three-layered walls constructed as shown in Fig. 2 under the
conditions listed in Table 1. The gaps between the panes were sealed with oil clay. The sound
pressure levels over one-third octave bands were simultaneously measured with five
microphones in the upper and lower reverberation rooms by generating white noise in the
lower room. The setup of the microphones and a loud speaker is illustrated in Fig. 3.

The airborne sound insulation performance was evaluated according to ISO 717-1
standard. Sound transmission loss was calculated from the average sound pressure levels in
both the rooms and the amount of sound absorption in the upper room

Plywood Glass wool

| /“‘\‘ 910 | / |

12
105 A /
219
24 ] ¥
66 /
12 -
30 410 30 410 30

] | | ]

Fig.2 Cross-section of three-layered wall
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Test walls and floors
(W: 910, L: 1820 - 3P)
P

°
7 ®

° o |mpact-point

22 Z

(a) Layout of microphones and
impact-point in reverberation room 1

(b) Layout of a loudspeaker and
microphone in reverberation room 2

Fig.3 Layout of a loudspeaker and
microphones

2.2 Measurement of impact sound pressure levels of test floors

The test floors included a conventionally constructed floor and three-layered floors, as
shown in Table 2. Twelve types of three-layered floors were used for the measurement: three
materials supporting the surface (40 mm x 40 mm timber and porous rubber with filling rates
of 63% and 67%), two joist intervals of 43 mm X% 240 mm (Structure I: 433.5 mm and
Structure II: 289 mm), and with and without a carbon fiber reinforced plastic (CFRP) plate.
Porous rubber was produced by crushing tires into particles, bolting them and forming
trapezoids at the filling rates of 63% and 67%. The CFRP plate was 2 mm in thickness and
100 mm x 1400 mm in size was bonded to the bottom of the floor in order to increase the
stiffness of the floor. The tensile strength was 1200 N/mm?, and the tensile elastic modulus
was 450 kN/mm®.
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Table.2 Condition of floor materials

Surface Uppl?l‘ air-layer Cent(.er Lowe.:r air-layer Back ) Absorbing Material Spem.flc
No material thickness material thickness material Reinforcement sound interval density
(mm) (mm) (mm) Material (kg/mi)
1 15+24 12 28 - Usual style 15.9
2 15+24 60 (No rubber) 12 43%240 28 - GW32K50t 433.5 52.2
3 15+24 60 (No rubber) 12 43%240 28 CFRP Plate  GW32K50t 433.5 54.3
4 15+24 60+ Rubber 1 12 43%240 28 - GW32K50t 433.5 52.9
5 15+24 60+ Rubber 1 12 43x240 28 CFRP Plate  GW32K50t 433.5 54.5
6 15+24 60+ Rubber 2 12 43x240 28 - GW32K50t 433.5 53.8
7 15+24 60+ Rubber 2 12 43x240 28 CFRP Plate  GW32K50t 433.5 55.4
8 15+24 60 (No rubber) 12 43%240 28 - GW32K50t 289 58.2
9 15+24 60 (No rubber) 12 43%240 28 CFRP Plate  GW32K50t 289 59.8
10 15+24 60+ Rubber 1 12 43%240 28 - GW32K50t 289 58.9
1 15+24 60+ Rubber 1 12 43x240 28 CFRP Plate ~ GW32K50t 289 60.5
12 15+24 60+ Rubber 2 12 43x240 28 - GW32K50t 289 59.8
13 15+24 60+ Rubber 2 12 43x240 28 CFRP Plate  GW32K50t 289 61.4
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Fig.4 Cross-section of three-layered floor

The tested floor materials were three-layered floorboards that were constructed as
illustrated in Fig. 4 under the conditions listed in Table 2. The clearances between adjacent
test boards and that between the test board and the open area were sealed with oil clay to
eliminate any open clearances. An impact was provided by a tapping machine (lightweight
floor impact sound source: RION FI-01 type) at the center point, as shown in Fig. 3. The
impact sound was measured by the five microphones that were set in the second reverberation
room, and then, a one-third octave band analysis was performed using a multi-channel
analytical processor (RION Signal Analyzer SA-01). Fig. 3 indicates the location of the
tested floorboards, sound receiving microphones, and impact sound generator used in these
tests. The floors impact sound insulation performance was evaluated on the basis of ISO 717-

2 standard.
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3 SOUND INSULATION PERFORMANCE OF TEST WALLS

3.1 Effects of glass wool and outlet holes on sound insulation performance of Structure |

With regard to the investigation of the effects of glass wool insertion and presence of an
outlet hole in Structure I (the walls having the 105-mm air layer on one side of the three-
layered wall), Table 3 presents the weighted sound transmission loss (hereinafter referred to
as Ry), grade of sound insulation (hereinafter referred to as R;), and average sound
transmission loss on the basis of an arithmetic mean calculated in the frequency range of 100
Hz to 2.5 kHz (hereinafter referred to as Rm1/3)), and Fig. 5 indicates the frequency and the
grade (grade curve) of the air sound insulation performance. The Ry, R;, and Rp1/3) values of
the wall material that was fabricated using the conventional construction method are also
indicated; this material was used as a control material for the purpose of comparison with the
wall materials developed in this research.

Table.3 Sound insulation indices of walls with
conventional structure, Structure | and ALC150

Sample No| R, R, R mur
No.1 38 30 35
No.2 39 30 34
No.3 38 30 35
No.4 39 30 35
No.5 41 35 38
No.6 41 35 38

ALC150 40 30 39
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Fig.5 Effect of glass wool and outlet hole on sound
insulation for Structure | (12mm plywood+105mm air-
layer+24mm plywood+66mm air+12mm plywood)
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The insertion of a porous material such as glass wool into an air layer generally tends to
improve the sound insulation performance. It can be observed from Table 2 that Ry, R,, and
Rm(13) values of wall No. 3 with no outlet hole and no glass wool are 38, 30, and 35 dB,
respectively, while those of wall No. 5 with glass wool are 41, 35, and 38 dB, respectively,
where the R, value is one grade higher and both the Ry, and Ry1/3) values are 3 dB higher. In
the same manner, the Ry, R,, and Rn(1/3) values of wall No. 4 with the outlet hole and no glass
wool are 39, 30, and 35 dB, respectively, while those of wall No. 6 with glass wool are 41, 30,
and 38 dB, respectively, where the R; value is the same as that of wall No. 4. However, the
R\, and Rp(153) values are 2 dB and 3 dB higher, respectively. In both the cases, the effect of
glass wool insertion is established.

Regarding the effect of the outlet hole on the sound insulation performance, the Ry, R;,
and Ry 1/3) values of wall No. 1, a conventional wall without an outlet hole, are 38, 30 and 35
dB, respectively, while those of wall No. 2, a conventional wall with an outlet hole, are 39,
30 and 34 dB, respectively. There is almost no difference between the two sets of results.

Because a polystyrene form was precisely incorporated in the panel and the gap was small,
the outlet hole did not degrade the sound insulation performance.

The coincidence critical frequency fc was 2323 Hz for the 9-mm lauan plywood, 1956 Hz
for thel2-mm cedar plywood, 978 Hz for the 24-mm cedar plywood and 3493 Hz for the
plasterboard. In Fig. 5, walls No. 1 and No. 2 exhibit a dip in the sound insulation
performance in the frequency range of 2000 Hz to 4000 Hz. This is consistent with the
calculated value. On the other hand, clear reductions in sound insulation performance by the
coincidence effect were not found in the 2000-Hz frequency range for the three-layered wall
with plywoods of different thicknesses.

While the calculated resonance frequency of the conventionally constructed wall in the
low frequency range was 115 Hz, the measured one was 125 Hz that was close to the
calculated value.

The sound insulation performances of walls No. 3 and No. 4, both with no glass wool,
were compared.

It can be observed from Table 2 that the Ry, R;, and Ry1/3) values of wall No. 3 with no
outlet hole are 38, 30, and 35 dB, respectively, while those of wall No. 4 are 39, 30, and 35
dB, respectively, where only 1 dB difference in the Ry, value is observed. It is evident from
Fig. 5 that such a decrease in the sound insulation performance, as that observed in the case
of the conventional wall with the outlet hole, was not observed in the high frequency range,
except for a 2 dB difference at 200 Hz, and the performances overlapped over almost the
entire frequency range. Though the 2 dB decrease was observed in the 200-Hz band, a
decrease in the sound insulation performance in the high frequency range was not observed.
This might have occurred because the incident sound through the outlet hole was insulated by
the middle panel of the three-layered wall.

The sound insulation performances of walls No. 5 and No. 6, both with glass wool, were
compared. It can be observed from Table 2 that the Ry, R,, and Ry /3 values of wall No. 5
with no outlet hole are 41, 35, and 38 dB, respectively, while those of wall No. 6 with the
outlet hole are 41, 35, and 38 dB, respectively. The decrease in the sound insulation
performance in the high frequency range due to the outlet hole, as that observed in the case of
the conventional wall, was not observed, and the performance was consistent over almost the
entire frequency range. Rm(1/3) value of 38 dB was the highest among the Ry (1/3) values of the
wall materials developed in this research.

3.2 Effects of wall structure on sound insulation performance
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Fig. 6 compares the frequency characteristics, grades (grade curves), air sound insulation
performances, and the mass law for the following materials under the conditions of glass
wool insertion and fabrication of the outlet hole: conventionally constructed wall No. 2 with
the outlet hole, wall No. 6 (Structure I) composed of 12-mm cedar plywood + 105-mm air
layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool
and the outlet hole, wall No. 10 (Structure II) composed of 12-mm cedar plywood + 66-mm
air layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool
and the outlet hole, wall No. 14 (Structure III) composed of 12-mm cedar plywood + 66-mm
air layer + 12-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool
and the outlet hole, and 150-mm thick ALC wall14) that is widely used as a partition wall in
apartments.
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Fig.6 Comparison of sound transmission losses among
conventional structure, Structures I, II, and IlI

As per the mass law, the sound insulation performances of Structure I (No. 6), Structure II
(No. 10), Structure III (No. 14), and 150-mm ALC wall were 4, 4, 1, and 12 dB higher than
that of the conventionally constructed wall (No. 2).

As shown in Fig. 6, it is evident that the three-layered walls developed in the present
study demonstrated a higher performance over the entire frequency range than the
conventionally constructed wall (No. 2) whose Ry, R, and Rn1/3) values were 39, 30, and 34
dB, respectively.

A low R; value of 30 was a result of the measured values being less than those obtained
from the grade curve of R-35 at 160, 200, and 2,000 Hz. In addition, the sound insulation
performance of the conventionally constructed wall decreased in the frequency range of
2,000 to 4,000 Hz because of the coincidence effect, although this frequency range was not
included in the grade curve.
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On the contrary, the Ry, Ry, and Ry 3y values of Structure I (No. 6) were 41, 35, and 38
dB, respectively, and they were 2 dB, 1 grade, and 4 dB higher than those of wall No. 2. The
Ry, Ry, and Rp153) values of Structure II (No. 10) were 42 dB, 35, and 38 dB; this structure
demonstrated the best performance among the test materials.

However, the sound insulation performance of Structure II (No. 10) was lesser than that
of Structure I (No. 6) over the frequency range higher than 1,000 Hz. The Ry, R;, and Rm1/3)
values of Structure III (No. 14) were 41 dB, 35, and 37 dB, respectively. Though the R,, value
was 1 dB less than that of Structure II (No. 10), the R, and Rm1/3) values were the same as
those of Structure II (No. 10).

The surface mass m of the 150-mm ALC wall was 75 kg/m2, i.e. more than double the
surface mass of the wall composed of the test materials. Thus, the sound insulation
performance as per the mass law was 12 dB higher than that of the conventionally
constructed wall, and the Ry1/3) value was 39 dB.

However, the sound insulation performance of the 150-mm ALC wall decreased due to
the coincidence effect around the 400-Hz band. As a result, the R, value was 30, although the
150-mm ALC wall was heavier.

4 FLOOR IMPACT SOUND PRESSURE LEVEL

4.1 Structure |

Table 4 presents the weighted impact sound pressure level (hereinafter referred to as L, w,
the grade of the impact sound pressure level (hereinafter referred to as L;), and the A-
weighted impact sound pressure level (hereinafter referred to as Li aw for the following floor
materials impacted by a tapping machine: a conventionally constructed floor (No. 1); a floor
with 60 mm x 60 mm joists to support the surface floor board (No. 2); floors with porous
rubber (No. 4 and No. 6); and floors with CFRP plates bonded to the lower surface of floor
No. 2, No. 4, and No. 6 (No. 3, No. 5, and No. 7, respectively). Figure 7 illustrates the
relation between the frequency characteristics of L, w and L,.

Table.4 Weighted normalized impact sound
pressure level by lightweight floor impact source

Sample No.| L,.w L, Liaw
No.1 93 85 90
No.2 79 80 76
No.3 81 80 77
No.4 69 70 66
No.5 72 70 68
No.6 71 70 67
No.7 72 70 68
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411 Effects of supporting materials in the upper air layer

It can be observed from Table 4 and Fig. 7 that the floor impact sound pressure level for
the conventionally constructed floor (No. 1) is higher over the entire frequency range,
particularly in the frequency range higher than 250 Hz, than the floor impact sound pressure
level of the other floors. The L, w, L:, and L; 4w values of floor No. 1 are 93 dB, 85, and 90 dB,
respectively. On the other hand, a remarkable decrease in the L, w value over a frequency of
125 Hz or more is observed for floor No. 2 whose L, w, L., and L; 4w values are 79 dB, 80,
and 76 dB, respectively, and these are 14 dB, 1 grade, and 14 dB lower than those of floor No.
1

The impact sound level of three-layered floors No. 4 and No. 6 with the porous rubber
material is discussed. Floor No. 4 had the porous rubber with the filling rate of 63%, while
floor No. 6 had the porous rubber with the filling rate of 67%.

It is evident from Fig. 7 that the tested floors with the porous rubber exhibited lower
impact sound levels over the entire frequency range than floor No. 2 with joists as well as the
conventionally constructed floor No. 1. For instance, the L, w, L, and L; 4w values of floor No.
4 are 69 dB, 70, and 66 dB, respectively, i.e., 10 dB, 2 grades, and 10 dB lower than those of
floor No. 2 and 14 dB, 3 grades, and 24 dB lower than those of floor No. 1, respectively.

Comparing the effects of the filling rate on the sound insulation performances of floors
No. 4 and No. 6, it was found that floor No. 4 having the porous rubber with the lower filling
rate demonstrated a better sound insulation performance. The result supports the fact that the
frequency at which the maximum floor impact sound level caused by hard and light impact
sounds such as tapping machine is generated moves to a lower frequency range as the floor
finish becomes softer9). However, a combination of the filling rate, spring constant, etc. is
required to be discussed for a further comprehensive understanding.
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4.1.2 Effects of CFRP plate

The Ly, Ly and L; 4w values of three-layered floor No. 2 with 60 mm x 60 mm joists were
79 dB, 80, and 76 dB, respectively, while those of floor No. 3 bonded to floor No. 2 with the
CFRP plates were 81 dB, 80, and 77 dB, respectively. The results indicate that attaching the
CFRP plates did not improve the sound insulation performance.

The sound insulation performance of three-layered floors No. 4 and No. 6 with the porous
rubbers and three-layered floors No. 5 and No. 7 bonded to floors No. 4 and No. 6 with the
CFRP plates are discussed. The L, w, L., and L; 4w values of floor No. 4 were 69 dB, 70, and
66 dB, respectively, while those of floor No. 5 were 72 dB, 70, and 68 dB, respectively. This
indicated that even when the CFRP plates were used, the sound insulation performance of the
floors did not improve. In addition, the L, w, L., and L; 4w values of floor No. 6 were 71 dB,
70, and 67 dB, respectively, while those of floor No. 7 were 72 dB, 70, and 68 dB,
respectively. This also indicated no effect of CFRP plates on the sound insulation
performance.

4.2 Structure Il

In order to investigate the effects of the rigidity of floor material on the impact sound
pressure level, the L, w, L, and L; 4w values of floors with the joist interval of 289 mm (floor
Nos. 8-13) are compared in Table5. The frequency characteristics of these impact sound
pressure levels and L, are illustrated in Fig. 8.

Table.5 Weighted normalized impact sound
pressure level by lightweight floor impact source

Sample No.f| L,w L, Liaw
No.1 93 85 90
No.8 82 85 79
No.9 79 80 76

No.10 76 75 70
No.11 75 70 69
No.12 74 75 71
No.13 75 70 70
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4.21 Effects of supporting materials in the upper air layer

From Table 5 and Fig. 8, it can be observed that the lightweight floor impact sound
pressure level of the conventionally constructed floor No. 1 is high over the entire frequency
range. On the other hand, though the impact sound pressure level of three-layered floor No. 8
with joists is higher at 250 Hz band than the other three-layered floors, the sound insulation
performance over the remaining frequency range is almost the same as that of the other three-
layered floors. For example, the L, w, L, and L; 4w values of the conventionally constructed
floor No. 1 are 93 dB, 85 or higher, and 90 dB, respectively, while those of floor No. 8 are 82
dB, 85, and 79 dB, respectively, and the L,w and L; 4w values are both 11 dB higher than
those of No. 1.

The sound insulation performance of three-layered floors No. 10 and No. 12 with the
porous rubbers is discussed. Floor No. 10 had the porous rubber with the filling rate of 63%,
and floor No. 12 had the porous rubber with the filling rate of 67%.

It is evident from Fig. 8 that the lightweight floor impact sound pressure levels of the
tested floors with the rubbers improved over frequencies higher than 250 Hz than those of the
conventionally constructed floor No. 1 and floor No. 8 with joists. As a result, the L, w, Lr,
and L; 4w values of three-layered floor No. 8 were 82 dB, 85, and 79 dB, those of floor No. 10
were 76 dB, 75, and 70 dB, and those of floor No. 12 were 75 dB, 70, and 70 dB, respectively.
The Lnw, Ly, and L; 4w values of floor No. 10 were 76 dB, 75, and 70 dB, and 17 dB, 3 grades
or more, and 20 dB higher than those of floor No.1, respectively.

This implies that the three-layered floors with the rubbers are more advantageous in
improving the lightweight floor impact sound pressure levels than the conventionally
constructed floor.
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4.2.2 Effects of CFRP plate

From Table 5 and Fig. 8, the L, w, L., and L; 4w values of three-layered floor No. 8 are 82
dB, 85, and 79 dB, respectively, and those of floor No. 9 bonded to floor No. 8 with the
CFRP plates are 79 dB, 80 and 76 dB, respectively. In this case, the sound insulation
performance is improved, in contrast to that of Structure I.

The sound insulation performances of three-layered floors No. 11 and No. 13 bonded to
floors No. 10 and No. 12 with the CFRP plates are discussed.

The Lyw, L, and L; 4w values of floor No. 10 were 76 dB, 75, and 70 dB, respectively.
Floor No. 11 bonded to floor No. 10 with CFRP plates exhibited a reduction in the floor
impact sound pressure level in the frequency range over 500 Hz, and the L, w, L,, and L; 4w
values were 75 dB, 70, and 69 dB, respectively, which was further improved than that of
floor No. 10. In the same manner, the L, w, L, and L; 4w values of floor No. 12 were 74 dB, 75,
and 71 dB, respectively, while those of floor No. 13 bonded to floor No. 12 with CFRP plates
were 75 dB, 70, and 70 dB, respectively. The L,w values was 1dB less than that of floor
No.12. However, a reduction in the floor impact sound level was observed in the frequency
range over 500 Hz in the same manner as that observed in the case of floor No. 10. The L,
L; 4w, and floor impact sound pressure level over a 63-Hz band were 1 grade, 1dB, and 12 dB
lower than those of floor 12.

4.3 Effects of joist interval

From Tables 4 and 5 and Figs. 7 and 8, on comparing the floor impact sound pressure
levels of the floors with joists between Structure I (joist interval: 433.5 mm) and Structure II
(289 mm), the L, w, L., and L; 4w values of floor No. 2 (Structure I) are 79 dB, 80, and 76 dB,
respectively, while those of floor No. 8 (Structure II) are 82 dB, 85, and 79 dB, respectively.
This indicates the degradation in the performance of floor No. 8. On the other hand, the L, w,
L,, and L; 4w values of floor No. 3 (Structure I) with the CFRP plates are 81 dB, 80, and 77
dB, respectively, while those of floor No. 9 (Structure II) are 79 dB, 80, and 76 dB,
respectively, indicating an improvement in the L, w and L; 4w values.

The sound insulation performance of the floors having the porous rubber with the filling
rate of 63% was compared between the joist intervals in the lower layer. The L,w, L;, and
L; 4w values of floor No. 4 (Structure I) were 69 dB, 70, and 66 dB, respectively, while those
of floor No. 10 (Structure II) were 76 dB, 75, and 70 dB, respectively. Reducing the joist
interval degraded the sound insulation performance. In the case of the CFRP plates bonding
under the above-mentioned conditions, the L, w, L., and L; 4w values of floor No. 5 (Structure
I) were 72 dB, 70, and 68 dB, respectively, while those of floor No. 11 (Structure II) were 75
dB, 70, and 69 dB, respectively, revealing the degradation in the sound insulation
performance.

In the case of the floors having the porous rubber with the filling rate of 67%, the L, w, L;,
and L; 4w values of floor No. 6 (Structure I) were 71 dB, 70, and 67 dB, respectively, while
those of floor No. 12 (Structure II) were 74 dB, 75, and 71 dB, respectively, indicating the
degradation in the sound insulation performance. In the case of floors with the CFRP plates
bonding under the above-mentioned conditions, the L, w, L;, and L; 4w values of floor No. 7
(Structure 1) were 72 dB, 70, and 68 dB, respectively, while those of floor No. 13 (Structure
II) were 75 dB, 70, and 70 dB, respectively, again indicating a degradation. The results imply
that the lightweight impact sound pressure level was higher when the girder space was
narrow than when the porous rubber was used

5 CONCLUSIONS
The present study is summarized as follows:
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(1)The newly developed three-layered walls demonstrated a better sound insulation
performance over a wide frequency range than the conventionally constructed wall. The
coincidence effect was not found.

(2)When glass wool was inserted in one of the two air layers in the three-layered walls, the
Ry, R:, and Ry,1/3) values obtained were clearly greater than those obtained without the
glass wool.

(3)The outlet holes did not decrease the sound insulation performance of the three-layered
walls.

(4)In the case of the joist interval of 433.5 mm in the lower air layer of the developed floors,
the lightweight impact sound insulation of the three-layered floors with rubber
supporting the upper air layer was better than that with timber supporting the upper air
layer; this, in turn, was better than the performance of the conventionally constructed
floor.

(5)In the case of the joist interval of 433.5 mm in the lower air layer of the developed floors,
the lightweight impact sound insulation decreased when a CFRP plate was bonded to the
lower surface of the floor.

(6)In the case of the joist interval of 289 mm in the lower air layer of the developed floors,
the lightweight impact sound insulation of the three-layered floors with rubber
supporting the upper air layer was systematically better than that with timber supporting
the upper air layer, although the trend was not so clear as that observed in the case of the
joist interval of 433.5 mm.

(7)In the case of the joist interval of 289 mm in the lower air layer of the developed floors,
when a CFRP plate was bonded to the lower surface of the floor, the impact sound
insulation was improved only in the case of timber supporting the upper air layer.

(8)When the joist interval of the lower air layer was changed from 433.5 mm to 289 mm,
the impact sound insulation decreased, except in the case of the floor with the CFRP
plate bonding and with timber supporting the upper air layer.
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