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Possibility of structural design for large-span wooden floors
based on human sensory evaluations to walking vibration
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a= 416500
1 (mm) L =4000 (mm)

F7o. T X OBEEERE DT, IREAZIET 5720, IROH Iz S F
172 1IN OFFEIZK L, ff B T D72 DA dyn (TR AT E L2 T U 7e 5 7e0,

o 2 (mm) L=3(m)
1m_’—f(mm) 6=L=3(m)
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ZOEDIT, Ty RH T F T, REVZ IS D 7o OISR TR 22 1 B 2 R
LIc & T DB NEFE ST D05, FRAE O BEELIEAE L CAE G FHHAE Tl
TZDHHIRLS B E S TR0,

AWFTETIEL, RERANIRZ G E U, BTIRE ORI 55 < Rk et 23
ATREZNE O e T 5 Z & A AR E LT, BMTIRBIOBLA b BAEMERE 2 RICRRE L,
TNZERT HT20DTDAHIR, BARBEZRET D2 L 2lBTVDHA, KE
TIHZDOHIBEE LT, 4 DD/ L 2 DOARGEFFFT ORI RIRIZHOW T, 3B
KGR T DRI « FATK b T ZA DT DH0MF MM, RO E A IREE - Lt
. EEMITHZIA TN TRETRO TR RSOV TS,
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2. 2 XGE LI/IERE X OEEIT O

Table 1 (235 & L7/ NV B K OFHBETO—H A2 R~3, A~D IZRKHE RTINS
@/ (Photol~4) TH Y, BBNTHBEZESNOMIEAMEY T, S OWHE
SHERBIFESE 2R, M OFERZ EITRASN T RO H o7, T
D OBAEIL T TIENRMFA TIEIZ X A ARE>-RY) T, D /N O A 2 BER BRI &b
ZRAWCTW5D, F£7-. E. F (35%Fr (Photo5, Photo 6) TH Y. EMORIHEEND
MHE 2D T, MMEEMR Lz, 2ol BEE TIEIC X D KREEM T, FAT5L
FZA (LLF, T R) & 2 BERZE L THWTWD, 7B, ¥ T4T 1990~2010
EThoT,

Table 1 List of buildings

o ) Span Cross-section or .
Building Type Construction Beam Completion year
(mm) depth of beam
A 7280 150mmx500mm 2006
Douglas fir
7280 150mmx420mm 1995
glulam
C Elementary Post and 7272 135mmx510mm 1995
school beam Japanese
D 8181 ceder 105mmx520mm 2010
glulam
E 9100 Parallel 800mm 2005
Office Light frame
F 7210 | chord truss 600mm 1990

Photo 1. School A.
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bpetd ﬂ' |l

Photo 2. School B.

..IH||

B!

i
i

- .,—;__

Photo 3. School C.
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Photo 4. School D.

Photo 5. Office E.
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Photo 6. Office F.

BEa DFEEAREREEIZF L THY . A, B, CEBIOD /NERORIERS E LT
REROTRIED 2 BERIRX 2 F N EH Fig.l.1~1.4 12577, A, B, CBXOD /NEED
HERR E LIZIROFERIT, 221 9.1x7.28 (m), 9.1x7.28 (m), 8.181x7.272

(m), 9.09x8.181 (m) Th o, F/o., A/NFRTITFEEDKFIZIT 150x500(mm)is
LY 150 X 450(mm) D Wi XA < (Pseudotsuga menziesii) %EAZM E120-F330 73
1820mm R CTHW S AL, B EERFMITIE 105x150 (mm) OIRAVIE D 23 910mm [H]
B TA - TV 5, B/NERTIEWTE 150%420(mm) DA < 4 b4 (R EHiE 10kN/mm?)
DA 1820mm [k THV S, BRI 120x120(mm) D> 72 4473 1820mm kg T
A->TEY, 51T 45x120 (mm) OFRKA 303mm b v FTHIF HILTWDH, C/h
SRS CIEMrE 135%510(mm) DA VV%EEM (F%FHiE 10kN/mm?) D773 1818mm fi]
frds 0N 1363.5mm [HFE THW B v, Z2IZIE 120x120(mm) D272 #4755 1818mm fH]
R CA-TED, 5I245%x120 (mm) ORKA 303mm v FT&IFHILTW5H, D
INFRE TR, B ORI 105%520 (mm) O A X (Cryptomeria japonica) ££5%
B (E75-F240) DF: 2 Kin bR E L THOWHILTEY 1818mm [HE TA - T 5,
AL 105%x105 (mm) ORIVIEO B A->TEY | B L EAZ ST 105x120

(mm) OIRAKN 909mm & FTADLMLHRE 72> T D,

15



¢
.
.
.
.
.
|

1280

910 | 1820 | 1820 | 1820 | 1820 | 910
9100

@ Continuos column 150mmx 150mm []  Stand column(2F) 150mm x 150mm
>< Stand column(1F) 150mm x 150mm  -------- Blocking 105mm x 150mm

o Transducer Unit:mm

Fig.1.1. Upstairs floor framing plan of a measured room in elementary school A.
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S paa i ) S S S B

1820 | 1820 | 1820 |

1820

| 1820

|:| Stand column 150 x 150

@® Transducer

Joist 45x120@303

Blocking

Angle Brace

120x 120
105 x 105

| 1820 | 1820 | 1820
1280

1820

Unit:mm

Fig.1.2. Upstairs floor framing plan of a measured room in elementary school B.
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7 k /A NN
Vi [Pz N
Al | e | s i e e ] o A |
X XX X X
[ =2 |- = s
A\ o - NCYD — D— - D
NS P A e i
aiuiueiet i afuieieieiiiuteieiets  fuinieieiefouiniols  uimiefmnieiuiols  fu iniuieteiuiuiniututuiuink 3t fubeletes Z
/4 7 o~
/ N~

4
N

T

|

N

909 | 1818 | 1363.5]1363.5 | 1818 | 909
8181

[] Stand column 150 x 150 — - Joist 45x120@303 Unit:mm
@ Transducer et Blocking 120x120

— Angle Brace 105x105

Fig.1.3. Upstairs floor framing plan of a measured room in elementary school C.
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| |
| N N (o N C¥ N
X X X X X ‘
=~ S M
‘ P Lo N L |
N O
RIERE g 3
‘ ® o ||® ® | x®
) o o
900 | 1818 | 118 | e8| 1818 | 909
9090
| Stand column(2F) 120mmx 120mm  ———- Joist 105mm x 120mm@ 909mm
>< Stand column (1F) 120mmx 120mm —— Blocking 105mmx 105mm@ 1818mm
® Transducer Unit:mm

Fig.1.4. Upstairs floor framing plan of a measured room in elementary school D.

19



A. B, C. D/IN¥RED 2 BEERMIOMRIN & 2 -2 Fig.2.1~2.4 |7, WFno
INERES . RO EFMIZIZ 7 e —Y 72TV 5,

Single-layer flooring t=15
Insulation board t=19
Plywood t=28

Blocking 105x 150

Beam 150x 500

Geiling:Gypsum board t=9.5

Beam ,
Unit:mm

Ridge direction Span direction

Fig.2.1. Upstairs floor cross-sectional diagram of elementary school A.
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Single-layer flooring t=15
Insulation board t=19
Plywood t=12

Blocking 120x 120

Beam 150x 420

Beam

Geiling:Gypsum board t=9.5 ,
Unit:mm

Ridge direction Span direction

Fig.2.2. Upstairs floor cross-sectional diagram of elementary school B.

Single-layer flooring t=15
Insulation board t=19
Plywood t=12

gortar beam 120 x 120

Nﬁlocking 15X 120@30,2N

Beam 135x510

Ceiling:Gypsum board t=9.5

Beam 135x510 Unit:mm

Ridge direction Span direction

Fig.2.3. Upstairs floor cross-sectional diagram of elementary school C.
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Single-layer flooring t=15
Joist 105x 120@909 Plywood t=28 Blocking 105x 105

Glass wool t=100
—Geiling:Gypsum board t=9.5 —

Beam 105 x 520 x 2

Unit:mm

Ridge direction Span direction

Fig.2.4. Upstairs floor cross-sectional diagram of elementary school D.

EBXOFFEEFTONENG E LIZKOEHINT., 21 12.74x9.1 (m) |
19.88x7.21(M) TH 5, E FHEATO AT N 7 A (BFE, ZHAH) 138 > F 455mm
THEHVME800mm, IKIZOA 7T Th U | f EFHMITIiZZ A VT —~y E)MEbiT
W5, —Ji, FEBEHOYATIE N T A (B, EfHAH) 1% 455mm £y FTHEWIT
600mm, KiFv v H—ar 7 U—FhF (EX38mm) B LTHY, L EFHMICIZE
==V EANBEDLATWD, Wb, 2042 BL 87 XA02& L LTHNWTY
%o E. FHEBFTOPERSR & LIoikRxt SR O 2 BEIRIRK % Fig.3.1, Fig.3.2 IZ7=7,
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9100

459

459

459

459 | 455 | 465 | 465 | 455 | 465 | 455 [ 455 | 455 | 45| 405 | 455 | 459 | 459 | 465 | 465 [ 455 | 455 | 455 | 459 | 4bb | 466 [ 46

b ] 495 | 455

12740

B Wal | ——— Parallel chord truss ———Blocking

le Inspection opening @ Transducer

Fig.3.1. Upstairs floor framing plan of a measured room in office E.
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385 495 | 465 | 455 ] 455 | 465 ) 465 | 455 ] 485 ) 455 | 455 | 465 { 455 | 405 [ 465 | 465 | 465 | 455 | 455 | 465 | 455 | 465 | 455 ) 465 | 465 | 455 | 455 | 465 ) 465 | 465 | 405 | 455 | 455 | 495 | 455 | 405 | 455 ] 4bb | 455 { 455 | 405 | 465 | 465 | 365

19880

B Wal | ——Parallel chord truss (O Loading point @ Transducer  Unit:mm

Fig.3.2. Upstairs floor framing plan of a measured room in office F.
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2. 3 FEB
2. 3. 1 HrAYHEeT ERR

INFERRIZ DN T, BB GUR O D% HHlZ 3~5 KOETFDOKRH (Fig.1.1
~LAZR UTELE) ICENRHO R E Y T, ZNENDZ EEO AN g s Y 7
HIR FIZRE O 612~T706N TH2H AN L AT OV o7 & OB EFHAI LR
BRXFGRIR YL DTN 72 NDIRE & Z D E T O =% eI O # g ph F R %2
BH L=,

E FHEATZOWTIE, Fig3.1 2R3 L9212, IRPRAMED b7 A IO o7=oHh)
SN TW=D T, HRNSAD LEENT- 5 KD b7 RAE T ORIFITEM GO e % Y
T, ZNEFND b T AD ARG 7= DR I, (KREOHEFAN 727~815N D AR
MDLANT Ol EOEMEFR L, RO FT R BT AOEEEZDOET
D= F% Il b7 ZAOEETRIMEZ R H L, FHEEITICOWTE, Figd2 d Xk
DN E R & EATENLE 2 3% E L, E FHPT & [FERIS b 7 A Ol M 2 5 HY
L7z, BE. FEEHOWTNOLEIZEW TS, LM (EFHEEMI0A Zr T F
FEITEY o —a 7 U — ) b FE2 IR T IHEw L7z, Photo 7 |2 E FH
T 2 BERIZEB W T b T ADNLEIZ ADNLDZ &2 X D #i LTV D4k 1% Photo 8
IZ E FHEFTO 1 EICBWTRIDOENMZFH L TV D EET %277,

Photo 7. Picture of loading on the parallel chord trusses.
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Photo 8. Picture of measuring the deflections of parallel chord trusses.
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FROX O RRPEFEEZEALZEHIZ, UTO®EY ThHhoH,
ZHAROGIHMBESNIZRDOEA., TDHIHO 1L ARORITMEIMEAT S L
AR VERITENS O EIMBESND Y — U oA RPN TN D, V=T =A%)
FAZHOWTIE, ~FEMEK 208 DPRAR KDY 455mm [BIfE CTRLE SN2 RDSE . £
EAZIT HRKITINZ THEES 2 A 2 4R35 G5 ARDRKIZ L - T, 2fRED 98%
FEELTWD L OWMEND D 2D, A THETOMS & Ui/ N O RO RIREIE
1363.5~1820mm TH 0 | CHk *” L W ITEFWEELZ T 2 ROBMEBHEZHZ EBNT
HMENDN, FM 2 Ko, 455 KOZTABET ZHEREROEIG I 2 L 1TIER L
ERI LT, Elo. FHITO N7 AORIRIL 455mm TH Y . Fl 2 KT >, 5FF5
KD KNFATAHT AMEORSII LR L EEZ T,
RS SR A RERL T DD RPRIZH D H DIz TITREIMEZ RO D84, 2
DBETF _ﬁﬁfék\%@ﬁ%@ﬂ_%miﬁmééhfbiotw\ﬁméﬂt
MEZE FOREITNAHT RO DA ZRET HZ LN TE R, £ 2T, B
THRMOED LR b 1ART D, 3R LOZIZFEREDORE SOMENEHT
X, BT A2 ER LI ENY — T = A S RIC K D AfEZ RS L H L9 5k
DREIZHREIND EEBZ, PRORIEHT HMEEZDOE FOOAZLD |
DGO FH T W & R DT,
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2. 3. 2 IREFEONE
ROBENVFFHEDOREIL, A—/VIHREIZ X 2 B BEREIERIC L VT 72, RIS
R FAR—L (JIS A 1418-2: 588 O PR R TP A @Mﬁﬁﬁﬁzﬁ:%ﬁi
BEERIIC X D ik 6°>> ZF\ =, Photo 9 (2R3 &L 2 ic, fE EFMICIX T s T4 0
2Tt — R (& .mmn%ﬁiy%%\m&ﬁ%ﬂmbtom%mﬁm\%
FLIX TR (LUF, BICR L) NRET 2R GROPRIZH H25E1TF DA
R BB GIR O H RS 2R W S TR SR P RS e BT VR D AR
LT NRMEEAZ L LI=DiX, KO 1 RKIEEE— R2 TX 3770k L7 <
THH e 1 REFIESEROIREEGEIKIZ ISV CATIONR ) & ) OISE N
ﬁ%i%f%éﬁ#%@ét@@ﬁ%%@ﬁ%f%é AR ORI T KR AT
AR MRV DOE T S L2 COIMEEINE ZRE L, IEEHOREE 4
—N—LRWETEIZH_T, ZTORE, T E I % 200~300mm F2EIZT 5 & x
EEMICELZRIES RN L, 20 L XONEINL0.72~091kKN FETH D = & %
e L Cu\ 5,

Photo 9. Picture of impact ball falling.
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PR DG NEE DRIEITIE, 4~5 B OY —RAENGEE R (K& 49m/s?) % vz,
BN FEE ORIEALE 1L, MRS O L ONEAOMBEOZRE 21X F T ZAD AR
vl U7z, B HEIEENSEER L 0 155 R ) K OUSZENNEE L0 | AS &R,
HD 2 IR B IEE &  DnEREE R Ls, mEAEOFHICE L X, 3EOF
PURALER A 9 & & BT, 1 IREAREEOIREFGERICHB N Ta e — L o 2RO
EMEI 1.0 TH Y . IR & ISENNEE & ORI OBIEIENRK D Lo TWD Z & & Hf
B LTz, I EORIEME N E D> THIMIEDITMEEFEICH D Z & RS &
NN EE & DRNCITRTEIER R D ST TWD Z & nh, BAES L WEICI3E
BENIFIRNWEEBZBND, FONTmEREEE b & ICFERET— N 21TV, JE
WO —7 7 4> M XV BEERSREBELEZRD D &L b, IREE— K
DR ZAT o T, 0B, T O OMATIFILHE — RgHT Y 7 ~ ME’scopeVES % i\
TiT»o T,
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2. 4 FERLEL
2. 4. 1 ZBEBIOEITER 7 AOTFREIEE T2bAORE

INFERINZ DN TIE, &XEF EDOFEDRIIE(Elggn) L. XFHHFICRR SN TN DY
TIRE R LW ~SHED G RDT=, ROPM - DIG)EH AT DO OMEX, [
EMEICOWVWTIIHREINELZSR L TEY T LICEH L, Bl EIC OV TS
YEVERIAT D 854 9L 0 2100N/m? & L=, 7=, 7 U —7%ZE L T=KDT=bLiEl
AR E IS OV T 1100N/m? & L, ERE KR E 2 & LClobA ()it L
2o ZHUE. [—EDENSEMMEG L CTEAT 854, BIBITKEIRNEE TlIRK
BT DK 2 512725 L Wnbil TV s, | Dz Lz SnTn s, TE#I)
T TRW ZFBL T Ee&EXbND, —H, NEMERFHAETIE TR 1250
ELENTEY D 20T 527 U —FERAREN 24209 CTHHDT, 2k
AWTTb) &/t E Lz, FHEIICOWTIE, T AD Elggyld~ MY v 7 KT
LMY 7 FEACTHEE L, £, BEEMEIT/DNER & RRICHEIRKEN DA
H L. 6 ZRtHT 5 72D OREHU B I3 L YA T 45 85 2L » 1800N/M?, 6,3
L6, B ET 5 - O OFEHATE L 800N/m? & L, BRI KRB L O ) —F LR
FREIT 20 BN 242 L Lz, U EDOXIICHEH LT Elgn B X OYTE (EEWEE
FEEMEOR) X VEE EORObA iR, Table2 (IR LTz, 2B, A/NERD
ZOWiEIL 2 FEH D, FROZIZOVWTORRTH D, AENPLROL IR &
DOND,

S0 1 B LN, 1T FHLFEN A D) 11470~1/1100. 49 1/380~1/800 35 L U 1/310
~1/660 Th o7, HRIC K DT DAIIR oy XA/ D 1/250, AEHEERR FHHTEIC X
510 PR don 9, 1T AR D 11300 T DD, B /INVFRTIE 6, 1A/ D 1/311 T
b, KEGERHREOT-DAFHIREIFEA LR L THoZ, —JF. E. FHEEHR
T TRTOFbANERILELR X OKREEERFHRMED - b AR D 28~48%
ThO., TOHREHIRE Y R0 /NS otz
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Table 2. Deflection calculated by National Building Law and AlJ* Standard.

Initial
Cross-section or Young's modulus | Bending stiffness Dead load Deflection including Deflection including
Building deflection L/3, . L/3, . L/,
height (kN/mm?) (kN-mm?) (N/m?) creep™ (5,) (mm) creep™ (3,) (mm)
(8p) (mm)
A 150mmx500mm 12 1.88x10" 704 204 [ 732 12.80 | 569 15.49 | 470
B 150mmx420mm 10 0.93x10" 517 15.66 465 19.35 376 23.41 311
C 135mmx510mm 10 1.49%x10" 563 9.84 [ 739 1229 | 591 14.88 | 489
D 105mmx520mm 7.5 1.85x10% 620 15.63 523 19.76 414 23.91 342
E 800mm — 1.59x10% 1430 8.26 | 1102 11.40 798 13.79 660
F 600mm — 8.53x10% 1670 6.77 | 1076 9.63 | 756 1166 | 625

(Notes) #:Architectural Institute of Japan, L:span (mm), *1:Based on National Building Law, *2:Based on AlJ Standard.
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2. 4. 2 FRRoEAT SRR ORE R

Fig.1.1~1.4, Fig.3.1, Fig.3.2 {Z/”" ¥ 2 BERFROP EEFDO NHOEKREP)E £ DET
DIz (0) % FAWVT, IR L 0 HMERF 2 50E U 72 2 O i) gl R (Elex) &2 5 H L
oo 72720, LITROANRTHD, BMXFZHE LTEDIX, RORE EHli SR
TP TSN Th S,

Im:PE

485

F72, Table3121E, Elep BE W Elggn 7~ L7z, AR KLV | FEBRED J7 A3 GHE KL
D 11~39MEKREL RoTWVD Z ERNb0d, FFHFEANIHRGHE XV EBRIED 523
AEREVN, ZOERELUIV o H—ar 7 J— MEEFTENI—~KILL TS
ZENREELTWLbDLEbis, £/o, EFEBATIZOWTY, B&aHME X D ERE
DIFPRI2HEREL, OA7 a7 REEL WL L0 L Bbhd,

(KN-mm?) (1)

Table 3. Bending stiffness.

o Bending stiffness (kN+*mm?) Ratio
Building - -
Experimental value (X) Design value (Y) XIY
A 2.10x10" 1.88x10" 1.12
B 1.35x10" 0.93x10" 1.45
C 1.69x10" 1.49x10% 1.13
D 2.61x10" 1.85x10% 1.41
E 2.90x10" 1.59x10% 1.82
F 3.31x10" 0.85x10" 3.89

(Note) Building A-F: See Table 1.
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2.

4. 3 REEPEOWNE

A~D /INERED IR DAREER$ R L OV — FIE % Fig.4.la~Fig.4.4d (7= L 7=,

10.0

S 90

o

= 80

>

o

S 70

sz

S % 50

2 E 4

<

s 30

-

o 2.0

o

)

2 10
0.0

1

N
Nagr>—
<

v

N

1

o

20

30 40

Fregency (Hz)

Fig.4.1a. Transfer function at the excitation point in a teaching room floor of elementary school A.

Fig.4.1b. Mode shape in primary natural frequency (12.4Hz)

in a teaching room floor of elementary school A.
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Fig.4.1c. Mode shape in secondary natural frequency (16.1Hz)

in a teaching room floor of elementary school A.

Fig.4.1d. Mode shape in tertiary natural frequency (20Hz)
in a teaching room floor of elementary school A.
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Response Acceleration / Input force

(m/s2/N)

SO P, N W s~ o1 O N oo ©
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o

N
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\\/\ Vi
/Ny Y INAAN
0 5 10 15 20 25 30 35 40
Fregency (Hz)

Fig.4.2a. Transfer function at the excitation point in a teaching room floor of elementary school B.

Fig.4.2b. Mode shape in primary natural frequency (9.48Hz)

in a teaching room floor of elementary school B.
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Fig.4.2c. Mode shape in secondary natural frequency (11.1Hz)
in a teaching room floor of elementary school B.

1 14

27

Fig.4.2d. Mode shape in tertiary natural frequency (15.1Hz)
in a teaching room floor of elementary school B.
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Fig.4.3a. Transfer function at the excitation point in a teaching room floor of elementary school C.

Fig.4.3b. Mode shape in primary natural frequency (12.1Hz)
in a teaching room floor of elementary school C.
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Fig.4.3c. Mode shape in secondary natural frequency (15.2 Hz)
in a teaching room floor of elementary school C.

Fig.4.3d. Mode shape in tertiary natural frequency (21Hz)

in a teaching room floor of elementary school C.
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Fig.4.4a. Transfer function at the excitation point in a teaching room floor of elementary school D.

Fig.4.4b. Mode shape in primary natural frequency (12.5Hz)

in a teaching room floor of elementary school D.
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Fig.4.4c. Mode shape in secondary natural frequency (17.1Hz)
in a teaching room floor of elementary school D.

Fig.4.4d. Mode shape in tertiary natural frequency (24.5Hz)

in a teaching room floor of elementary school D.
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E. F FHEATOKROMIBFTEHIERE Lo NERERHC X 25 %, (KO
il & LT Fig.5.1~Fig.5.2 {27~ L 7=,

0.02

0.015

o

o

[y
T

0.005

Response Accelaration / Input force (m/s?/kN)

L . . .

0 10 20 30 40
Fregency (Hz)

Fig.5.1. Transfer function at the excitation point in a teaching room floor of office E.
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Fig.5.2. Transfer function at the excitation point in a teaching room floor of office F.
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T HITIC X D RO b D LIROEAIREE R L ONBER L& Table 4 (2R L7z,

Table 4. Natural frequencies and damping ratios.

Building A B C D E F

Experiment (fex,) (Hz) 124 | 9.48 121 125 10.1 11.9

Natural
frequency | Simply supported beam (fygn) (H2) 11.2 8.7| 107 9.4 9.3 9.8

fexp/fagn 1.10 1.10 1.13 1.32 109| 121

Damping ratio (%) 3.76 | 314| 546| 437| 459| 6.45

(Note) Building A-F: See Table 1.

B /NFEFE D 1 IR DO EHIEENEKIE 9.48Hz & /N S WX D/ NERR T riida 12~12.5Hz
Lo TEY ., FEEHICHOWTIL10~12Hz Th 5, BEEOWZ ¥z ki, =51
R Clxd 5 23 A 3> 4550~8190mm D& T 1 R O [E A #iREhERIX 10.5~27.0HZ TH Y |
ARRFFEIC BT DIE & FARENZN LD b RED -T2, SCHk 3P 1Tk, A3 L EATR
B L OMIENTEH SN TE LT, KREVEFESHEOKRNED L S IR TH D0
ITOMNHRNR, ZOEBEE LT, ETAVRTHD Z &0, RO EIFRRHN 7
W2 EMBXLND,

I, O 1L REAEBEICE S\, RO 1 REAIREIEOHEE IOV CRIFEME
RO T NG 2 HiSR & L2356 20 LIREAIRBIBUIR U THE T 5.
7272 L wITHALRE S Y720 OB ERTE (BAL:N/mm) | LITEO A3 (AL :mm) |
ELZROMIME (BA7 - N - mm?) Th b,
fo T El

212\ w/9800
QX HEH L-BEAEEEICOWTY Table 4 IR Lz, ZNERD & fafE % [H
EMEE L, MR 2BE RS UCEHR L BRI R L Y b 10~30%
INEWDS, AR LS HEETE 5 Z L RNbd, £7-. Table 4 ICIXBE L OED
31~65% LR LTH DN, BEDOHIETIE 29~7.8% L D#HE @by, ML L)
REL 72> TNDZ ENbhD,

(Hz) 2)
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2. 5 H2EDOELYD

4 SD/NFRE & 2 DD REFBIT ORERK GIRIZHONW T, R GUIR 2T 5 IR
B2 AT b 7 AT O BHR0MF M, RO BEAIREE - stz FEEYITHAIA
FENIRIETRDTFER, ROFEwmEHT,

1) &Gt EOZOPI T DIT A D) 1/1470~1/1100 TH D, KEMEERFHRTED
TobAHHIRTIH D A D 1/300 % Flal> T e, BEELERICESNTr )V —T%
ERE LRI A8 DF) 1/380~1/800, AREREZRFHRIEICIE ST Y —
THEEE LT DT A DK 1/310~1/660 TH Y . WG bR (EEEE
HEVECIT A/ D 1/250, AREASERRFHRAETIZ AN ® 1/300) % FEl-> T e,
2. FBEITCIERFHER 72O A HIR D 28~48% & 3 7e D /INE o T,

2) ZO TR ERE L, REHMEL D 1.1~39 FR&Eho7, Fio, Yo F—a
Y7V = MERETFELEEGHT TRELS . KRB —KEL TN ZENEEL TS
DRSS oY (N

3) EBRDEFEMIZIIT HIRD 1 REF IREV DO FEHEITX 9.5~125Hz TH - 7=,

4) WEZEEMES L, BMFF 2 ER S e UCEHE L2 oA IREEUIIKR D
B A RIS O FZBRE L 0 b 10~30%/N & 3o 72208 R O [E A IREh R & ELikpo ks B X <
HETEDZ Enbnol,

5) JE X 3.1~6.5% T, BEEDIHIE CTRINTWVWAIE L REREWIT R o7,
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W3 ATIRBIORGEEEIC X D ARE R A SR OFFT B ERRE O " fErkE

3. 1 Ity

ARFFETIE, RERA N REZRIR L U, STIREN O R M 5D < sk i
AREMNE I MIZ OV THRHT D2 E 2 HME LTVDN, FH2ETIIZORIEE LT,
4 DD/NFREE 2 DO AREFB T OB GIRICHONW T, BB GIR AT 5520
T2 BT IIE, RO BEAEENEL - k% FEEMITHAA ZN TR TR D 7=
FERIZ DWW T 7=,

ARETIE, 4 DO/NWNFERE 2 DORGEFBITORER T GIR L2 ATz & & o4k
ITHRENC R 2 R ETA & . 3B BRIR 2 RS T 2 R D 1=  Fr il R f P RHIPE, TR
EA R E OBRIC OV TR Z A 5, BRICE, SBSRD 12 1 ADRK
ANFHERBAT L TEREOIRBOJSENMEEZRE L, ZTNOHD U3 F T X —T /3 Ry
Br BN%47 . BARRESRE O [TREMOIRINCET 2 B EMEREE M S - g
IRENLMBEHERDERD B L LI, BITHEOBRDISN T NTHBITIRE & £ 9 &
LTz onTo7 oo — MIEELTH bolz, 77— MEREZITIC, STIRE)
DEENS O BEMEREEZRICHE L, TNEERKT D007 bAHIR, AR
T Z LI L o T, STIRE OB AN IS < R G O FIREMEIC DWW TE 22T
Do

AIEMEREZ TRIC) RE L TWAEEHIL, SITIREN e CPEBREIRE AR & LT-%E
ﬂ@%&ﬁmfké_k 2k B, BIEEMERET, BETOEEEOEN, REEOKE
REWCE-TEM T LICR R D, HDH—ODOREMRELARE LI LTH, £0HE
PEREIZT R TOEMIZOWNTY TLIEDI DT TiEe, B ETHLAMAE TIRET D
@D’%bfﬁﬁf%é*kb>\rﬁ’ka9% % ANV

ZHET, BTIC L VAT RS & AR ORI & OREFRIC %ﬁéﬁ%ﬁﬁg
K REN TG B0OED 8 HRE) L ~ULPIRBINEE L ~UL, ZEACIRIE, SNk
ElirEoWEE L LEPHRED D WVITHR R EOFHE & OREFRIZOWTHRET L
TWAHHDNRKRETH D, KEICHERT D LETHBONIZEIEL Y 310 200 K=
PSRURIZBET DRFZEIEE T E L < 720, KRASRVIRICEBE T 29812 138 1L © DFFZE
M%ﬁ%éoiﬁ“%fﬁ T VIR A AW TEECRERE L 72 R TSI AT D RS

PEREMEIZ D W CTRET 21TV, JIPE D BB AR VR TIERR I & OFEE 3 2 5l C &
53wm@ﬁ%1% R D FEERED VO R TUE SVIR) 23 T 37, HARESEZES O

I OIRENC BT 5 B AEMEREF RS - FAFRL] \R S D, SEmEICxHT 5

PEREFTAT e SV B S W THRBV B IE & s L 7= Al IE4R BN L ~ULd6 K OURSE) L
Aw®wkﬁm@@%%RE&iwﬁm%%bt:&%%%#mutoﬁﬁ%ﬂm:
TEREARAE LR R /X IR OB THIRE) O FFAM & & A #R B Hds X ORIME O BAFRIZ-DOWT
BEt L. —REA RSB & K2 0.98kN (100kgf) #fif L7ZBE D 7= b &N b i
1T BITIRE O F AL &2 BER HEE FTRE T 5 Z L &R LT, WA DOWFZE P T3, —k
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A RE S K ORI 0.98KN #ifir L 72 RF D 72 o 7 & A THRE) O FH M 4 #5 OM 1
THEHWL b OO, EARKEET & O DAl IR & A TIRE O RFAfh 2 i O 1 726111378
<V ARWFFETERDMATZFTLLTH 2,
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3. 2 XGL LIo/FRE X OFEEIT OB

KGR L LT/ KO EBITOMEILE 2 Tk &80 THDH, A~D 1T/h
FRTHY, E, FIFFEESTTHDL, NFRITT AT TIEIC L 2 REEY T, D
INFERE D Ir 2 PER B DB E ANTWD, £, FHATIIFSEEE TiEIC L 2 RS
YT, FTAE 2 KR E LTHNTWS, KEDEAZFE#EEIXR L THY .
A.B.C B LD /MEROHEIER G E LT RONFEE R, Z10E 1 9100mmx7280mm,
9100mmx7280mm. 8181mmx7272mm. 9090mmx8181mm Tk 5, KZD[MIEIX A, B
Tl% 1820mm, C, D Ti% 1818mm Toh v | KWk I EH AR Z THIZH, HE
77— 7 & EFICHYTWS, EBLOF EHEIORAEXS L LTZKOFH
Wi, = FH 12740mmx9100m, 19880mmx7280mm T 5, E FHHEFHD b T AL E
> F 455mm T, KIZOA 7 a7 TH Y, M LETFMITITZA NI —y F2MEDIT
W5, —J. FEEHRO M7 A% 455mm £y F T, Kz gF—arz)—h (&
S 38mm) NFEXLTH Y, BTt =—1Z A A3l T 5,

46



3. 3 HMTEBRBIOT 7 — MllE

INFEREDIRIZOWTIE, R 617N ORRATME 1 4725437 (Photo 10) L. KD
BENEE 2% 7Y > 7[R #% 1200Hz CHIE L 7= (Photo 11), Fig.6.1, Fig.6.3, Fig.6.4
IZIZ A, C, D/MEROKRIZEIT 27 LOINMBEEF O EZ R L, 250D
(R & 9IS AL CL D /NERTIERBOG RIK P R0 B (WL GE e gL DfF (W2)

Z T ANC AR T2, Fige.2 121E B /NFRLDIRITIS 1T 2 5173 L O EE G O & %
LTz, B/NVFER TIEEBRT SRIR P Y 2 DMFE L7 Te | SBRr GUR R o g: &
2o (W3) OARZM G MICAIT LT,

FREFT ORI OWTIL, RE 647N OB 1 AT L, IROISENNEEE Z /)N
%&kﬂbﬁ/7)/ﬁﬂ&@TMELtomw5kio¢m6M*iE$;@F$

BITORIZBIT 278 LOIEREFOMEL R LT, ZHHDRIIRT X
BELIOFFFHTIEELE (W4), ZLGEE D] (W5) BLUHATHM (W) Jm\
7

HEAE ] U7 MR EEFHE Y A R 8 oD PV-83C 35 L UF PV-83A, #RE) L~ /L
FHIFEIFERLD VM-51 3 L TOVVM-53 Th 5,

INERTIEWTOBRTS 3R L. FHATTIIERLE T OBRT L L, MR
T ENTHTICH T DINEIEEZREST S L L b, TOBTICHTHT v — Ml
TE{ToTe, TV r— %@é%irqn%@mkﬁ%(m~wﬁwT:F@ayﬁﬁ
@Am@ﬁ%(ﬁﬁ@%ﬁ#%%@%%ﬂkﬁg@ﬁ%)’EPT@%LKO

T — FA TR, BIEEICBITEOSTICE D 2 £ DT D Teni, 2
FREORETIMOLTH o7z, —Di%, 1) L,foel/\ (unnoticed) . 2)&< XU B 72
VY (not disturbed at all), 3)ZAUIE EXUT72 B 7220 (not so disturbed) . 4)Z A2 72 5
(moderately disturbed) . 5)72 V5502725 (very disturbed) . 6)FEH IZXUZ72 % (extremely
disturbed) , @ 6 B TH VD . AW TIE T&UZ72 0 REE] (disturbed crlterlon) ERES, b

—0E, DUV (unnoticed) . 2)FMETZ % (definitely tolerable) . 3) & H B &
ZIEFIETE 2 (tolerable) ., H)EH 5 E H U2 7220 (undecided) . B)EH B EWVZIE
g T 72u (little tolerable) ., 6)F 18 TX 72\ (intolerable) , @ 6 B CTH Y, [FER
J& 1 (tolerable criterion) & M5, i L7=7 > /r— MEIZEH#K %A Table 5 (2777,
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Photo 11. Picture of acceleration meters.
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