[2R2 sz

LAV

2 HF—F U Y

Science Tokyo Research Repository

Od/dodn
Article / Book Information

oo(@o)

Citation(English)

Type(English)

gobbobbbuodgooobobbobbbuoogoon

ERERE

YUTAKA YOKOYAMA
go:0ooo,
gobooobo:0ooogod,
Uoo0o:0019340,
00000 :19880 30 2607,
gobboo:0oog,
gob:0ood

Degree:Doctor of Engineering,

Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 19340,

Conferred date:1988/3/26,

Degree Type:Course doctor,

Examiner:

Doctoral Thesis

Powered by T2R2 (Science Tokyo Research Repository)



http://t2r2.star.titech.ac.jp/

EANPAREEYVRKODREBIUBRESMOERYGOD
AR EYT WP

HRIERER®R HIZWRHY EEEJKL
BEHHEEE SBUHEZE 5088

B ®



A

ARG, BholEAELHL L L (B84 AL 54
it HF-hAmRoRRELTI Lht 0 THh3E,

HREFI1dE) MAILEREIRT L Twhkil
ve3 o, HiRn @A NS ERNFEERI Wk § F T
ta—8 L T LPIEF AT, IS thkln k)
ZrEp e BBt 3L EEM, RTIE LERFEIE
FPEE L, DS BN L L 3T,

FEHMM - AERE IR el 1, BRIAARE
B NZEREE, QAR B LLEE, RADAREDTE
St E L, RS BEEtu kb2 E Lk, 25 BT
2§z%3r$t BRI E R AR AR LA 12,

§@@%E£utﬁ Lt BLAHLELTT.

S EARORGE R bk -t . ZEMNEE (RE254
FLENF, AATEARHR) , WAHFILEHE (B A2
FAEAG) LHIMBEE LI LA, 2 K%%
EhE (LATTERE 4, ﬁ@fﬁ?%ﬁﬁ
FEEE (RRE0Em4), wESHLLE (
ﬂi%é),%@ﬁ%&(%?x%ti%%)z
B ntBEBILEEh I %izut¢
B<#pAaw L LT 3.

FEFERR L L CERIERE, ZRIBAL < WkE
3L EHAARE, Z8AHE, Hoki@E, Akl
2, BT R (5% v+ BATERERR) | BE7%
ChANERE I LERT IR A EHARNE 0B LE
Al vRERL, AR, NE, FJEoERAMS Ok
SWTEBLIWER T I LEMEBA L, LR €]
bnﬁswmkﬁwﬁﬁmﬁﬂﬂmwmﬁnTnf7@ AR

?1i
MR

5 1<
),
;4
E
i LE.



AELELE T,
Rk, RERDIWHBRRECL tA < ipa v
I LEHC oA RRBHL T HE LT,

o



HEPECERSABHEDOS 5. AMOBHELIVEL 3KOKBEH MO
EHHOBUOINEP RS EHUE. BEEHOBHA» > SE L W 3,
KBTI H<L, UORCHEURHECRT 3ELBEHZL. KOh kX
BIUBBEAHOEIOREUED SRR HEAELAER URHER LV E ED
PLDTHY. BEDSH TV 3,

818 Fh Tl ABOBERLVEU ZEOBET MO EHOE K
Do, KOPREBIURBOFMAEPER TS LOBEHERUE & &
bit. AMEOHN, BEBLUEAAXOHR L BN e

(£28 BEEIPOIALREEVEODRSOFMAEL Tl KOMH -
Wik B, BYW, FHOBARSELUR AAHOBLVEOD R XONE
FEREWURES, BERdNk. THARHE - BEPORIBHES
HOTEERELRREL. BAOBERLBUSGhIKOD RS HE T 3 BE.
BERORBEE B AURBASFEREHEUREAOESOBA» > ORBO ¥
ek, LDEEWRE (DRSBEERE HPRIFERE) BHMUR. O
FRABMPEBHFH KRS X 3B RELSZR. ETEHELE T AT QD
PRINEHRL VBN HNER5ARE 2D, EHCH UARERH T COR
OEHFRUECEIROD RXWEBELBH - KL, BETWE XL 3K
DEFEHDLRIBERELONEE2RF UR. COER»S. KOXEIT XL
KD OEFOERBE EXEEOREE VI VAP EET. BRAOHERO
DREBEER TR CESCERHON L Uh, SORCOWEBEYL H LS FE
RELOHEDPS. KOPLRLIOREE, FEHE (F) BEERD. HEO
HEREEbLEOP R EOFMEEL UTHRUR. BRR. WEEOWE

Fitk, KODPRIOFMEEREREELU. KOP»RrIOFMAXREUVTRETE



U o

3% FEEUD»HFRELFYRKORBEFWORHOFMHAE —EPR
EHECREBEEMPAUBSE—1 T AFMOBERIOEET ZEERES 2. @F
TEAREBEEPRUSSEAOFMEMAERRBELVEEB, BR2iENR, FTH
BHER2ELTEZIENTELIHABKREALVTERRELREL. BA 0
FREEUVOWIKEDCEHIIRE. EHORLCRIYVERL, X UXHVE
GLREDBAPSOFHOKB 2R, DEZWRE (EIRERE, K
FHRE) BEM LR D2¥RE2ECHF  -REVLKOP» R XHUTEE 2.
REEEUVCOABROEEBDEDEBNEEVVERAEH T CHEES LU ETX 3
KEHUERBE L UTCEAL. BEBRIVBHHERS A 3 RAUETN S
FOFGROVRREEZZERE UVTCHVTHESh ZKEEDORTHRK &
BEHRRRELONBERE VR COER»S. KOBAERKELEKEEGH
FEDLNLEITERTAORETIHEHRMIP»ORIYEET. BAOHKF
ROKRHBRERERRTEIZ3ZIE 2P LR TR ZOYHE LIRS T
REEOXE» . KEDOFFEHE (fl) REE2XRD. HHEORERE & B
CEERSOFMEMEEE UTRTI VR BRE. YEBOYUEHE KEHOF
MEERERBEL. EPREZFLRZEEDAUVBAOEEHOFMAE L L
THRARU .

FrE4E RFREUHPOALBEYROBEHIMOKRHOFHEAE —EH R
EHECREBEEDVPERSISE -1 Tl AROHHERIVEETIREH R @
FIZAREBERIARBBRUZIEGOFE A ER2EHL BB, SRk
Nize ETARMOBFERRAETSREDEAHROERL LI ODEGHLEH T 3
CENTELIRBABIVABRNEEBELAVCTEMRREREEL. BL O
ZREBCRUOWAKREBEHUHETIRE. EHORRKRVEALVOHAMS

OFMOVIMEZRD, LHEZHRE (RHZXERE, RHFHRE) 2HEHU



o PERBEIECHVRKEDHNERERRERL UV TCHVWTHESL ZKE
DEFHE. RIBRERELONEEBEFT VR, COEEDIS. KOBAREEE
EEREERBITOXEEEFEBIUVERKESIDIFTEOLANLVETHETZIORE
TERERFEADPORIPEET., BArORELBEBTCOEHRELRR TR S
ERFOMPR VR, THORIOVEELEYFERELOXNLE» S, KEHO
HEEH (Fl)) REERRKD., HEOMEREEDRKEKREHOFMBEE U TIE
RUke &BE ARPEBIFRILEKRSEXIZIHENNERLSSBR. KREH
PREIETCHBEIAEADOHABMIRMENEZZONBAEEEDRETE L.
MEEOHESE KEDOFMEBEREEILE TEHEIREELZESENE
RIAGZEGORKRIOFMAEE UTETRU 2.

FMEsE HiK) Wl AHROHERE2ERN R,

DERZEITZR. AHEXTY. BALKHRULRKODP I BIURDH EXE
BETHESHAKOETH L., ERREFR2HALVIERUVRLDEE2IRE:D
HiEdbo., ABMOBERIVEUVIZKOBREFMOBH IR UG I X
BIUKRSOD. BENE»OAFRLFHARE2RBULLER, BRrENk



SYNOPSIS

STUDY ON EVALUATING METHODS OF HARDNESSES AND VERTICAL VIBRATIONS

OF BUILDING FLOORS FROM A VIEWPOINT OF COMFORTABLE

by

Yutaka YOKOYAMA

Hardnesses and vertical vibrations based on floor responses to
dynamic forces by human activities, were important performances in
office, residential and similar human occupancies. Evaluating methods
of hardnesses and vertical vibrations from a viewpoint of comfortable
were determined from the relation between sensory scales and physical
characteristics.

The sensory scales were made up by sensory tests. The sensory tests
were carried out by using sample floors of various hardness and
vibration characteristics. Sensation and evaluating scales in some
motions as walking, standing, jumping, sitting, etc. were obtained
by the method of successive categories or the method of paired
comparison.

The physical characteris?ics of the sample floors were measured with
“Hardness and Vibration Tester”. This tester was developed by
simulating dynamic forces applied to the floor by the foot in walking.
This tester consisted of a dropping weight, plies of rubber springs, a

load cell, a displacement meter, an acceleration meter, and so on.



Human body characteristics as elements to increase the damping of
floor vibrations, were taken into account by this tester.

Appropriate physical values to indicate hardnesses and vibrations of
human sensations, were obtained. The physical values of hardnesses
were composed of 2 elements of the floor responses, deflection energy
and the product of recovery displacement and its velocity. These of
vibrations were composed of 2 or 3 elements of the floor vibrations.
One was in the case of same the vibration source and the reciever,
maximum displacement and damping time till 5dB(VAL), the other was in
the case of difference, maximum displacement, velocity and damping
time till 20dB(VAL).

Evaluating indexes which included the most suitable values of
hardnesses or optimal ranges of hardnesses and vibrations, were
presented from the relation between the evaluating scales and the
physical values.

As the results of this study, the evaluating methods of hardnesses
and vertical vibrations of building floors were determined by using of

the physical values measured with “Hardness and Vibration Tester”.
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3.6.1.5 #{F, BYOERE
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£-3.5 REFHECHTLI2ERREOEAKODERB TSR

BRAELEE | Dmax_| Th VI
NO (cm) | (sec)
1 0.6474 } 0.5037 | -0.355
2 0.2279 | 0.4170 | -0.573
3 0.5539 | 0.6675 | -0.253
a4 0.1801 | 0.6409 | -0.418
5) 0.1154 [ 0.5284 | -0.559
6 0.0651 { 0.4352 | -0.717
7 0.1691 | 0.8913 | -0.282
8 0.1069 | 0.7367 | -0.425
S 0.1579 | 0.5220 | -0.523
10 0.0458 | 0.3775 | -0.823
11 0.0792 | 0.7704 | -0.444
12 0.1154 § 0.4558 | -0.623
13 0.2915]0.4167 | -0.539
14 0.1797 1 0.3927 | -0.631
15 0.2007 | 0.8269 | -0.293
16 0.3175 | 0.7601 | -0.269
17 0.1061 | 0.6397 | -0.486
18 0.3697 | 2.4360 | 0.258
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3.6 RFFEREOHER
REKERES, REKYREF, RESEtREFOHEHM
e BT BREBEL BR % it
BY | <KOTF | AV |HEH® | BFEH | Pt K2TF | AV | KE#H | BEER | Pt KOF | Egh¥k
K& S |[0.997” | 0.994” | 0.991” | 0.994” | 0.990” | 0.998” | 0.999” | 0.997” | 0.999” | 0.994” | 0.998” | 0.998"
K& F |0.996” | 0.987” | 0.986” | 0.987” | 0.987” | 0.897” | 0.998” | 0.996” | 0.937” | 0.993” | 0.997” | 0.897”
S&F |0.998” }0.937” | 0.997” | 0.997” | 0.995” | 0.998" | 0.998” | 0.997” | 0.997” | 0.996” | 0.993" | 0.998”
KES:REKERESOHE KYF:REK(REFOIEE SEF:RESEREFOEHE
REK#HEOHEE
(144 AT BH®EL BER S
5 %5 {OF | AY BEH | BEH | P {DTF | AV KR | EEH | P {>F
BERE | jEEh%% | 0.940” | 0.949” | 0.941” | 0.952” | 0.956” | 0.995” | 0.986” | 0.982" | 0.988” | 0.980" | 0.996”
B {>F [0.948" | 0.955” | 0.944” | 0.961” | 0.961” | 0.995” | 0.992” | 0.985” | 0.992” | 0.982”
ik |0.964” | 0.975” | 0.948” | 0.968” | 0.985” | 0.986” | 0.989” | 0.982” | 0.987”
BB | 0.973” | 0.969” | 0.972” | 0.978” | 0.974” | 0.996" | 0.991” | 0.995" RES#HEOHEHN
%FE & | 0.974” [ 0.971” | 0.978” | 0.974” | 0.877” | 0.990” | 0.987” 0.979” | RV
AY ]0.962” | 0.968” | 0.959” | 0.974” | 0.970” | 0.995" 0.962” | 0.963” | XEH _
{2TF |0.963” | 0.969” | 0.963"” | 0.972" | 0.969” 0.959” | 0.968” | 0.974” | EEH# BT
fie  |0.965” | 0.973” | 0.957” | 0.972” 0.970” | 0.952"” | 0.986” | 0.959” | ik
_ | EE# | 0.980” | 0.968” | 0.977” 0.977” | 0.977” | 0.955” | 0.974” | 0.958” | < 2 TF
BT BKEEH |0.984” | 0.967” 0.992” | 0.975” | 0.971” | 0.944” | 0.969” | 0.957" | R Y
AY  |0.983” 0.986” | 0.986” | 0.975” | 0.969” | 0.968” | 0.967” | 0.963” | XEH gfﬁ
0.990” | 0.994” | 0.996” | 0.974” | 0.975” | 0.955” | 0.969” | 0.962” | WE &
0.984” | 0.972” | 0.990” | 0.987” | 0.985” | 0.964” | 0.937” | 0.986" | 0.959” | bk
0.984” | 0.994” | 0.983" | 0.993” | 0.994” | 0.971” | 0.966” | 0.933” { 0.964” | 0.947” | < O F §§§§
0.996” | 0.976” | 0.990” | 0.981” | 0.989” | 0.991” | 0.964” | 0.859” | 0.931” | 0.954” | 0.940” | EH
<DOT |t |EEH® | KEH®| Y 2T |tk | BEH® | ®KEHK| RV X2>F | BY
PR E BHsiE 17 B
REFHEOHEHE
B BT BHEEE PR E
BY DT | AV | &KEH® | BEH |t <DF | RV UEHR | BEEH | P {OF
PEE | EEh#k | 0.9427 | 0.957” | 0.919” | 0.961” | 0.973” | 0.991” | 0.987” | 0.880” | 0.982” | 0.976” | 0.994”
2 {>F |0.949” | 0.963” | 0.924” | 0.970” | 0.983” | 0.991” | 0.991” | 0.983” | 0.989” | 0.980”
i |0.958” | 0.979” | 0.927” | 0.963” | 0.983” | 0.983” | 0.990” | 0.980” | 0.986”
B EH | 0.969” | 0.980” | 0.958” | 0.985” | 0.981” | 0.995” | 0.991” | 0.890”
égﬁg BKEH | 0.969” | 0.974” | 0.963” | 0.980” | 0.976” | 0.987” | 0.984”
AY ]0.952” | 0.968” | 0.934” | 0.971” | 0.976” | 0.991”
{>F |0.962” | 0.970” | 0.944” | 0.984” | 0.978”
e |0.962” | 0.981” | 0.924” | 0.969”
B B |0.972” | 0.967” | 0.958” éé%éé%%ﬁm
#EH | 0.962” | 0.962” WEH : BEMTH
2y |o0.916" ST} ey O
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9 833.311010.0048 | 0.020{0.2415| 0.142] -1.622
120 | 833.3 | 22.65

10 833.3160}0.0212{ 0.057{0.3719| 0.431 ] -0.915

i1 ' 12.0 110 1 0.0235} 0.082|0.2866 | 0.082] -1.683
310 | (32.8) 7.53

12 833.3130}10.0733{ 0.061|1.2115] 0.617 | -0.398

13 12.0 130 1 0.0373 ] 0.153]0.2438| 0.153} -1.407

14| 310 280.0 9,29 | 833.3|30{0.0533| 0.053|1.0057| 0.961 ] -0.270

15 833.3160}10.10721 0.05511.9491 | 1.229| 0.042

16 833.3]10]10.0073| 0.031]0.2361 ] 0.284 | -1.287
310 833.3| 14.37

17 833.3 |60 }10.0243 | 0.045}0.5533 | 0.442 1 -0.804

18 12.0 {50 { 0.0158 | 0.241 | 0.0660 | 0.241 | -1.563
310 | (3833.3)] 15.34

19 833.360}0.0217| 0.045(0.4822| 0.300] -1.016

20 833.3130}10.0172| 0.052{0.3308{ 1.136 -0.529
7601 833.31 10.25

21 v 12.0 150 { 0.0167 | 0.252]0.0663 | 0.252 | -1.545

W EHEONZLEX(K) Dmax @ ZAZEE(W

k (HBEOaALNVATY 2T ORE(kgf /em) Tm . EEEF(sec)

k) 9L YTCI9TURAANVATI I 2EH Vm | EREEE (en/sec)

f HAEKEOEFEEHE(H2) Th EERE(ec)

k’:ﬁﬁ%%ﬁ%%@%%%xjvyf®mﬁ&ﬁkm

o ‘HEKENEREEONEREAATIYY/OEGHFEX K’ (kaf)
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5, ThoDitR. BEEHHOEDY., KB ELRELXHNBOIE T E L
BRBEIIDBREUVRLDDOTCSH 3,

BREABRETE. VIhORERHTHIHOMKRR XV EET SR L ¥
HMOXNFETZILEL. MEOHEREOERCHE Y sKF . KEHOF

MOBBETIT>Z&& Uk,

4.4.1.4 BREBOEE

REBCEUC REKCERKORBORELOLBRHBCREROER R
POBREBZERNEL, BELOEHORDOFMNRAZ ARSI RV DO
YARU. MABKEI54 (21~30%) REEU k.

4.4.1.5 %8, BYOEX

AETE. HAPREISERRERG2RRISIBEATREND ODO—RKBRIE
LEEUTN, HFEHNM ENO3IBEE2EEUR 2F0vxftil. H#
BREBEUBRERELEPREY>RPRBTRUSEDS. ATERBUTERAEES
JUBERKREPREBEUVARAHATFREHY. »OoBBIBHULRBETRERU 3
RE. BEUTHAHKBIUVEERLTRRZEL2RA UVERRTRERU Z2EH 2.
BRYUBIVLE2&E VR RBETW. WhX 27y varyaae&snmy ity
BRhTVRVDOEHL

FREYE. SUABRBLVITREPORIEA T IKIBRELOFRHBEYD K
EVBELACEIUVURVWIEBEDERSEZEDS, BFOLOTFTEXEU

oo

4.4.2 EHRERSE BRABIUERIREREOHEM
LA NTCTHENLZFHOE IR, KOREFTWOEBUAOER T KB AN R
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WZl BEhhoHMRHKDIIEREEZHURELERL. EBF—V 5
Blh. BEERENRNAREE L3R YT,. REBREYRD RABVFEOHHIED
ERHEMUEU. BHRERP —FRRRATVEZEBEEL k.

H-4.3 CEHREODBEANERLERY. T XTRBLVTRAERE O K
DEDHRERTIVRONBENIDPEENRTCEFRARSLEEREE TS
V. POFERIFLVIELDS, BEUVULRERBEHRITHAZEROS 2 HI K
REEREATEY. PORBEARCHOOZERHT B HBOHG L # NS 3
& THUBREFEDED. AREERK BEHRHNTIBRE LOHNE LR
ZRELUT. THAULBD oL EAREZZ END D 2,

—THBRAZR VT hI3EEELR>TLEN. COBEOHRFEEWNZEULERE
TUBTEHVRBZEY, ToRHEI FEEBIYRELUNTEZER DS
WZEDORERMBEURLT. EREhIRER+HERERDE LR 3,
PEUMBELT REBEUTRDOAZERER. LThoBAERNE
UTVLACERBBTIRERS 3 E VL 3,

Ph BBEh3REOHESERRBURIAT. SHERETCRD RERS
—YRHAV. REBRER?D V- (KIBERELERLUE (REDOE
BULBCERT A2 L L. BEULEHT3).

4.4.3 EE

Rl -43HBRUVEERSBRERELREZLELERL. R-13REHRERE
HEOHBERBERU ke RBE-4.30FhEE. SREXFOREBE»®E
BLEZTOY P UREABNTERFEAZDIOTH Y., REBRARXVELCES
FTHIERULGATVWEILREKT 5,

ChoOH, o, BREFXFVOEIRHE LOMEMENIE. SHELEBWK
EOTREACH—-RIENDON B, COHEMS, 4.4.15THEEUVUREB L
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BREFFING. hAiv) Dl | w5 %

18 710 20 .
119 1316 191 174528 12 3614 15 EFHR | 79.846” | 79.82%

HAE 7.042” | 3.98%

B F IR SRl | 5K

/ EE | 74.26877 | 79.54%
\ BAZE 5.494” | 3.09%
jordiy] SR | 5L

FHE | 78.199” | 81.04%

1118 21918 1971 17452 208 123614 15

10 ' HAZE 4.374”% | 2.16%
&Eiﬂm

1 1 1 1 ) | i Y I RBRIXTEE
—40 —30—2.0 -1.0 0.0 1.0 2.0 3.0 4.0

REBRERURL <—0 —= EHRHKU 3B
ROBERE

M-4.3 RHEBRERERBEHSBEIAER
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R-4.3 BRPFBEREOHBASR

A4V B R

BB 0.981” 0.993”

BE 0.892”

"I REBRIXTEE
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HMUUVRLBTRETSIHEATH. EHORELOMEMBFENUEREIELL
RO EHHENTE S

o, 44 15TREVLEBOSSEREOLEL2ERL. 2he
HUUVEEH CREHLERECESWUETEBLIZBEHOUTHERE» S, 0T
hOLZBTORPBEREEDIVHARERIPHEHELBEOIAZITHEENS 2
CERRUTEY. RPOWUEHEOHBL, H—tB+HTERI EE2RU
T3, K. HTEBUPENOEEABORERE VU CORER I &
BUTCEDEIIRELEUVTVEDPRECDEOHSZ2RMETERITH. LB U
PEBEAATRHOINBVEDOYERT. WTFhOLBTOARNOESIEREDH
RTERICERRY. KEDUCTCKBEOABME LRI I Z3ATHEERMR
&R B,

1.5 RHERRELNET 3HEROR

4.5.1 KEDHUTERE

3.5.3CTUW. B 5.ITHRUVEKODPRETBIAUERSBHEEE (R -3.5, BEH
=34 RY, RBFAETUREHUERELLT) OERBOIOETEHE & B
ﬁﬁ@k%th&nvém%ﬁQWE&O\ﬁﬁﬁ@%ﬁﬁé@égﬁém
BIBEVSHBHAPIFTEEELDIAIBACEUUVLINEELS A R E XK
Mﬁéh%ﬁ@#ﬁ&\E%@ii&jAwn&ﬂbT%m§%mﬁﬁbk%
BT THEIHhAKREFOEREREEGUVLEYEE . H1T, BERELRE
DEERITIAFNBESORYBRERLEZERITIYHEELBE I EMNTE R, OF
VENNEHFHROAREORMHER. H1TH, EBBELBRIEZBIIZERK
EUVUTOARKDREUERA BT Z2DDOEBREZIEMS,. AETUHFEERR

EHEUVTHL, IIdOHBINEENROKXUE T TORBEKOEH L ET 3
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2r&Uk
CCTREFORXUEREELEZOZERER LG TVEDE VLD, 4.4.3 3B

WO, AEQOEBATUE. VEDOREXMRELEBTORERNT. hogs T

OhRSIBELDEETESI LR BREUTWVWEZ R & 3,

4.5.2 KEDUTRBEL IAARKOES O E

L5 1 TR EEHREL. KEHHUEREELALV T RAMENEEE TR
VREZOHBKOBHEMUELV R RBANEKNEEEORELXES . &
BEREZ0WB3MENESHETHUELVL, BE-LAZHERTE LRI,

H-d 4P EoBERBonER - MK WEE- - BEAESOH 2. &
E-REHEEEDRX AT, CCTMEE - REAMEN. APMEOBREEIR
WEVLVHA2EHHUEDDTH B,

R-d4.4podlBKE. MEAEUVIXERCHNDOLDIHFECHIEUVREE L.
MEARIIEETSIRABNKOBEESRCEVEIR CORERIBES S
NEEGRRULTLAR3CEBOD B, COLEIIREHEIVTHhORERZBTD
RNTEY. PO35.1THERR2ORRUDET 3. AHOBHEBROKOEEH

MEUVRELZLOBERBLTD, BEOEEBESILTL 3,

4.5.3 RIBRERELHETIYERDE

AFMOBHEREEET IREPFRIMNIIEFIERRY. ZEVNHPOKDER
EPLRVOHEXEG VDI L ODOEREAVRELEES L. POoREVHOED
EEEYPOoBUOWBRPOBIRXRFTTIPEELUTCUKDOEAEE &.
EHOHZESGVRERTRTAYPHBL U TCUEBBFEOLANALEITHET 3
ORETZER (LB, BEXRHEET) WREATHIZEN. EBOHE

IO DERPFODPRRBR TV S, ¥H6W3.5.3TWR. KIEPHMEREE TR E
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ﬁﬁ * B%Fﬁﬁf%i

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Bl (sec)

(4) BREHFR N0.8

M-4.4 EEDUTHEBERIARNDNEOBEHOWYEERSB
SURBEEREZoh3MENOHEE R OH
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o

#El NO. 21
ABEKOEFHEH X 9.8242

N U ENN USRS NN SN NN AU SO S SR N
0.0 0.2 0.4 0.6 0.8 1.0 1.2

B fE] (sec)
() BEH#E N0.21

M-4.4 KEHUELRRERIIABKOEHOWUEERES
JURBHKRZEZh B MEAOHERE R OF
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ENBAKDODEAREELEERKKEYHOS5dB (VAL) S COEHEHBRRI»ORIYHESR
VIMT RYREFEXEZFVAUVSAOKEHORYBRELERTE 3
ERFAPT 3 DR, BREBELHROEBEHBZELVI(TERTE S &
o, RPURALEFLREEVARIBARD, KOEAZTEESIUKEHO
BERME2ECTIVEERET. EYBRERLRRCXLTEENSTVIER2HER
F2o

DEDHAE» 0AXZECHRH -4 ACFTURLEE - KRiElthE»oBoh 3B KT
BB (Dnax) & MEE - BEHE» OB I I EHOEBER—FOL RN (
Ax) STHEHRISORETAIRM (Tr) 2AVE EIRBEREL:HNET 3
VEEOREERAABIEEUL. UTOLSRRH U k.

FI3.5.3R2FR. AOER. AETHZETIRESBOEHETCHRER
HZEHT BESTHBE5dB (VL) EURBABEIUSIE (VAL) ¢ UREAOR
ERE (Tr) 2BEHULREZ S EERERRZIANEICEINEREXT 2 &%
UoahRBLULLKOoOPOABRBOLT. HERE (Th) BEFLERXIRY, F
BERIEBHEHLVE U > TZYRBEEEBR (Th) 2RO 2 EHIZU.
ADIEREVRELTZDEBSZIERDP ok TOZEMSAOER
FAETCHRETAHRPBOFEHETUIASNAY —HBEO” BIBUS” Y Y
IS TH 520dB (VGL) & URBEOEERE (Tr) & A.D{E %2048 ¢
VAL) E VR BEOEERME (Tr) 2EHUVEEC S, XETHERE T SES
BOBHHN TEHEHINSIZI R 2OBERE (Tr) OFMNRAERELLE RS
hd,. P20VThoiFE6ed KYIBREREOFA2LBEMEIKRLTVWEZ L
BB Uk o THAETCUBEITOMBEILREDLZEU. A %2048 (VAL
EURBEOEBRE (Th) BHATZZEEUREY. BEHINIETRE (
Th) Q. FAEMNTUSI APERIBOERABEE U TV IERHEL W,

BRBADEFPRIREEZEREEVRAUBAOME (5dB (VALY ) kv K& R
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&> 0ld. REVVOKROEEEYD., CPREZLZESETIEUBA
EHBUBELBLIBRUGI I LD, HIPMCEIORZEAVINTEIRE
B, BLUHBRIRSIEDEEFEZ SN S,

DEWEBMHRD O BRU35.322FR. RODLETRE (T &
HOBEARZEEE (Doex) 2HHOAWLRYHEL U T,

V=A *108 (Dnax/ Dret) +108 (Tr/ Trer)

A EH

Dret=1 (cm)

Trer=1 (sec)
BRBETFLEREL. ADER2ELXERBEREABNOYy 2EBRU. EH
RERELOXNRERTVARLEZES. BHEOHRBEZH TP TEIZINH I BE
U. ROV EREBA R VR, RI-4.50—Hl&UT. HHED
HIEBRDEID>RA=0.TOEAOVERYBRERELORRER T,

—7. EHREROBREZEEBEOERRE DS, RPBEEELZEREENERS G
EORBBRECE. ZERVVMOKOEEEHOS> B, EXOERBEINMIV TR
s BEOBEEBDLZEUTCLARCEBEEI LR, TRLIOIIRBEAD S,
TEXRNEHUVRAYyEEIRERELEONTOR LDV THFHAIRFLRLE S
5. RI—4. 4R RUREE - BREMBME»Boh 3. BEBERERETIOR
BEYsBME (T.) (LB ZEEBRERZT) DEBHIRVREAB Oy B K&
HI. FREERKBE (T) BEEHEVRELZHOYyPNIDHREHITATL
PR ARRAE N RV -

UEDSGAXRETH, BREFKE (Dnax) 2EFEEHR (Ta) THRURE (
Vo) (AR, BEREEESRZT) dDERHEUTCHIYIARZZ EE U,
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0.7 log(Dmax/Dref) + log(Th/Tref)

( Dref = 1(cm), Tref = 1(sec) )

HEESY D

NN,  NONR

LD DD
HAIEEED D
BV CRVAVE R -cBVBY)
RPN NN
BER A 1R
At & N S e
EEER R
Ryl o
R PEIS L -43PE
SR LR
RRRRR KRR
D DIRIRIRRIRIRIR
) e LA SIS NI
o o oG ié i
i 6 S 0oy
Qi rJ rJ »J [TREMERE
NECOOROQE

E—4.5 0-7‘08 (Dmax/Dref) +|08 (Th/Tref) t

ROBREREL OB

-132-



z=B + 108 (Dnax/"Drert) +C « 108 (Va/ Vrier) +10g (Tn/ Trer)
B, C: E¥
Deet=1 (cm)
Veet=1 (cm/ sec)
Trer=1 (sec)
RBEBEFALRHRELVCB, COE2ELTIERP>EREABNOZz ZEH U,
FHRERErONERA2HEERPY>ERATHBFONRRERAVLLEZ S, B
=0.2, C=0.5Q0¢ EFRVThOLETOREL D IRDBLILVHLEHESh k.

ProBahs EHBRERECARTIPEREL LT £F0obhHrAD
PHOTFUTORTE X dH BV I(2) (Vibration Index (2)) f&?&ibfao
VI@Q=

0.2+ 108 (Dnax/Drot) +0.5+108(Va/ " Veer) +108(Tn/ Trer)
Drer=1 (cm)
Viet=1 (cm/ sec)
Trer=1 (sec)

BREXBEDDnaxs, Tay, Vo, Th, VI(QDOER2 R-4.20” Kikg il
THBRIAPEBIUTER” OB —BRUTHRY. BBEMEEORKZKIE (
Anax) BAXREURVEAE. REVHOEEXEHOAREIHE L THALU
TVE3HDEHRU. BERE (T.) 23> THERE (Th) E¥ 52 & &
Vi (B-4.4 () £8).,

M —4.6liEHRBERELVIQQLOBKRERT, WIFhdEPLIETERU
RZTELEHEERDGDRHIEUTEY, BRAOLBTRHEUSILEIKREHORK
Loz, VIQMEALVTHAREETCRRTESIZLBHGDER SR
EWVWi b, TRAELASTHENEREBEHD S, BYPERRIBGOKREHORE L

DFEMb. VIQ)TERRTESDBOEZ LI 6h B, THRLLAITHENLEEZER
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Po, MOBFEFNLREBTCRETIZAOERDRERRRTSYWEHEL U TD.
VIMDRPBHATXS3DOEHEET X 3,
BREBELBRARBABNKOBHERIESGHR2HEL. REBEOXEBHAEH U T
4.5 1THENEREHUETRETHEINIBEEREHECEBULERL2 R LVEOD
BR-4.7TH % BIRBVTHEOHESEKVWI EM S, FETHE L T S
OHEETE. EHBREEYREKRERACOEGHRRIEREUREZY T KIE
HORDBEELORZIR2RRIIPEELBEI208EHETH 22 & . 3.5.
BTHRNREHREFLREEDPAUEALARR. 0D THEETERE L

Z %o
1.6 KEPFOFHRIHEI I EHEREBLIVEDFHREOHER

4.6.1 EHREOHRE
KESOFBREETIERREORESRE RERXE, 2%, BURE R
BRTARBLEDRR-LAR—ERUR. UTRBOREHEZ DLW THHES

%z %. |

4.6.1.1 HWHYIRE

BMRTIREW. R-1AERT 2BEHOKRGFHEREL Uk, TRODSRE
Did. # - BEFF, HFEERERUTCVRIEEIREEEX (HHENR) KR
HrEUEe, () HRRFATIAR (EBRORBE, EEH - 2K Hlk%)
OEREHEUVRHBAEOBEERAR RS DR RERU. RE - REE, HES
RERZUVLTLVLAMUwI I RAY (EHEMR) KEHEREURS, AHEREODRE
ERRBEZhE ThELRITDBOTH 3, RB3.6LBLT. KEHOIULX
HhYPEGL, THEREORUEGLVE. KERIOARXCRVERVWELEEEAEEL
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HEEIh Tl eho, ThoOREBHERULRVWZIEEUREY. ARAEH
APOKBERFOIVIHIVEGL, TLBRORUEAVLIAESREHTE S L

X%

4.6.1.2 BREFHEOEE

AFETRDIZFMREIENHE»oRDIIEBEITLLED., BREFE
EUTEBOTAR D BLUS RSBV IEHHOZYUENEREIh TV S, 7§
By S (R-L4ARFEY) 2AVIEREAHOES 2B MBI 2RNES »

DIEZVEDREE U .

1.6.1.3 BREAHOHZ
RERHVIRBOBERS L >T. UTOXREEL &

CHHBC Ao TREBRSADNBEHE. H17, PYEREANOEENA
BRCLVRETIRBEHOS> 5. BEMHOBAPoMEL RS Ebh 3@
Ei2+HE875b0L ¥ %,

CREBREY BERRUIERLVRANKE T 3,
CREEVPFEOLBREIORFARAEXET 3,

CREYMET. BEHERBBLURV IS BRBET 3.
DEOEREEUVRSIAT AATHVROLAROERORNES & U RE
EMERE (H-40.1, SE-4.IRFT) 2HL. £-1.50" BERNOBEE
P DRERRTCEANBEEORBKE OBEORNEMEEEOMERHOM
GEDORIFHBHOBREABEERE LR, TOSBNL25~290KREANT
3. EEX2mOr vy arvHERRBELI B TLRESZIEE U R
%050 FREBUEHECL SNEEUTHE” ORE. L5 1LFU R
KEHAEEBERHOCHEV RBERERBODasx, Tn, Vo, Th,
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£-4.5 EREHFHCHEHII2EEREZORERBNOHE
FIUKEKSHUEEBRR LI ERY EERE
g BEAHOHES FEHUTEER LAY ERNTEE
cq [E1N a
B SH MR i
NO W k f k’ o | Dmax Tm Vm Th|VI{@
1 40 32.6 9.68 1 B33.3 0.0551 0.040 | 1.3775 1 0.3521 -0.6837
2 32.6 13010.0403) 0.0721 0.5597 0.3031} -0.925
40 260.0 20.62
3 32.6 |60 {0.0720| 0.1501{0.4800}{ 0.393] -0.7%4
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