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CHEEREY B2 5L EDNTWS[2,3]. £z, BMTAM L7zEimEIZTADLOREE TAHNEDR S L,
ATHERE 2 HERT - 17 LAY ADL Z4ERF - ) LS. RRlS, B3 - AR - BB, SMTESEL Om0—#
EaRRL, SMTAMEOKR TS, BF - AR - BEASEOER TARKRHNCAET 5[3]. EN#IRELE
STomliE L, — AN THMET L Z ERREEIC/R Y, BN TORE LI2SHMTRemIE 1% < e b[2]. B
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D LTV BT, 7285 CH B BT PTREZARREIINC, AATHERE OWHRE L DX R AT D = &

ITXIUL, BITHREAHER - F S5 2 L b TXB[4,5,6].

L About 70 to 80 years old ; Male : Pattern A 10.9%

Independent life 3 —gr———gr——-tr= W
Male;: Pattern B 70.1%
Need help IADL 2

Female : Pattern B 87.9%

:Pattern C 12.1%

Need help BADL 1

| | | | |
63-65 66-68 69-71 72-74 7577 78-80 81-83 84-86 87-89

Death 0
Age (years)

Male : =—fc— Pattern A, =—@=— Pattern B, —ll—  Pattern C

Female: ==@== Pattern B, ==lk== Pattern C

Fig. 1-1 Pattern changes in independence of elderly in Japan [1]

Z 2T, BRTOBRTRREDHER: - M LICAZIRIZ2MBIaR B & L TRENRET NG, MRS E L
INDEEE, BERAWE, Wb MEFESEE ) HofeomiEus, WS icsn L, MEERL
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FA LR, MEIZ-ATIT ZEICRERAE TS, BAEELT 5100, FRZEUND 2 & 72 <
TEETOIVNERDD.

AT, ZO5IEFOEDLEmICEDY 5 Z LDk AR TE R T 5 TG & 7
[7, 8]&BART 5 Z LA HIRE 975, ARBRBELIL, @SHEBLUOESNFTIZRLLTHELZEDTES
Babz, PITERZED L LIk oT, HMTlEZRIE S Y, EFMOUHFICHIRTE 234 E

Ths.

No handrail Sliding door

handrail

Fig. 1-2 Examples of sliding doors used in Japanese welfare facilities.
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(a) Corridor railing (b) stair railing (c) Toilet railing
(d) Entrance railing (e) Walking training handrail

Fig. 1-3 Various handrails
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(a) Cane (b) Multi-legged cane (c) Crutch (b) Lofstrand crutch

Fig. 1-4 Various canes
X 1-4 (a) , (b), (), (d) IZFKFEAL 27T, (a) DELE, MO TNTHDHN, BT RLEHEOZ LN
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BNTRED 23 28T 5 2 L3 TE D[11,12] .
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NTWDHTRITFUIERTE 2RV, 12].

Fig. 1-5 Walking frame
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D 728, BESEIZ N DAMBEER L, PITERBRAE2LREIEDLZ ENTE D11, 12].

Fig. 1-6 Wheel rollator Fig. 1-7 Medical walker
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BT, T CICEmbENZ/ U — K2 —=>(Z, niRy hA—Y HAL, ~ v A/LA— Every Bd 5.

1.2.6 BITHSREXEBIZE L BH1TRiBE
BATRENCIX, n, H70, BESiwIEhisk, EEhHIE, EARGE e SN, REOKHCHIE OB
HixH 250, NI AN E FTREOFH IIDBBITREINCKRE BT D13, 14]. Tz, BT8R ED

BITHIB R AN 21203, GO EROBAOBLETH S, £2C, K191, BT LT
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REDBERIZE>TREL LD THDH[16].
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Fig. 1-9 Comparison of walking aids based on muscle strength and balance function [15]

T ITC, ATHERESRIC EOBMTRIBI ENE T 2 b D a K 1-9 THERRT 5. AU, FEIC XL - TH

ERG I ENRT RSO RE INELR LN, 2B/ Eodh T, LMl T RkE

MREEL IND. FHEBTHRB L OBTEOM ) & NT AL, IFERBETHY, PITH~T



WEL, BREXZDHITEBYVRFTE LMD OIUIHEHTE 5. SMTae & ATHIL, FREDORWER
BOEDLEZAEBITTEDLAY v bBHS. LiL, BTHREHEL LT EIEL, NT 228 LR
BT 28N H D, ETBITHEILT L—FRNENTHGEICEET AERERH 5. BF HARAFEIZZ

BE 72 EOBGENTERE LU TEOBITON T £ 720, BNOERIZIIAME THSH. ZhITkL
T, FHATETOBES M LBIOWEREED L ZACEMT O, BN TOATEREHIRTE D,
F72, EEIPTIE - BRIERGIE - ST - 2D BN ABD - 1 E BB VB 5 SDOMREER RO Z LD,
FRRIBTIRICE LTI A TH 2 L E2 5. BRASTEHIL, i), N7 A0 3K
TLEGATHENTES. Lavl, ROEICEENHLGETOHEANE LN L2 s, FHik X

Ot A D — I F R TOMEMICITE S N e T2 EMRETH D,

1.3 AEXOHI LR

A, AR 2 HY & RUL, Sl 10 L FREORERR & SHER LOFRICHE D
RAGE, 2 L7es| S50 AR O N/ A B =X 5O, 51& FAM O 5758 %
D FLFE, B & RIS ORI L OB O AGERIZ OV T T D 6 DOEN LI I T
BY, TORKEZILTOLIITR>TND.

% 1 B CIXEEnE OB & RS A0 & <EBRRE L B A TORLEREL I LT\ 5.

BIYATEATOICIE, I ECFENER L THLZLRMETHY, BAEREOE T TIE, #HE~D

|

ICRRESNDG TR TS & » TREN W S A ST 2 T o, BT T Ih 2 ifH T

EE
>

LI EFFRENRL, EEBEE DB NAITOSENTE TRV EW S EEZRE L TS

52 ECIIABBMORIMREZEZE L TV D. 7, AMILATR > 2 @mEhE 2 L7l 5 S 230
HELTC, FEOBRERS, BOSTWREROREOFEBR-EL, BMEICEE LB & PR A
O 20NLLFTHY, HOWEBHO N S~I0NTHLZ EEZWLNI LTS, Fio, HRERHCT
22 O FHENZ T D BEOWUEFEFRT — 2 025 FHEWE SON O ERFGEEZ R LT\ 5. ARBHF
DE=ZY T T A NORER, BITHEENBER U CTMTBIR A % 1 T e mli avedy, BB SBT3

TEEMZRL, ARG ERE R L OESOE OBITHREDRIEICAN THLH Z L Z3EELT-.

13



3 ECIIABBRMOMASIDOA I =X LZMPIL, 51& 7 A7) OFH AL & R E 2 e LTl
FOBRED BRUNT—ETLHZEEWALNCL TS, £, RO T, FHEMmHOR
e — 7 =3 A R L—/L O IiHR SR & TR ELERRES & DA R HI kT2 & ST R e — 7 &k
ORHEN DD Z AL TS, B, PN NAMRTELZ L bmn AR TH D Z L0 b,
W N /1% 5 N ICTEEREZHI L TS, 5l FORLF L FREOMEZ AF THIHESN TR
ELIE ZA, SIEFRMRFICR LT L FRRTATHT 2RENRA LD, TR, FREA—B517
Gl FLITARL =V LD ERIZINLEIC /D728 | R L2 B2 F RN LD 728 M 2 i R T~ D RE L OHLR

WOIRELIZHRFEEZBRL, ThERLTWD. I5IT, R CRIET 5 & FLEEFHEOSENL

N

BEORERL, FHRMEDOEWCLDR

NS

BEERMICESZL, BEMONEERIIRS Z L2l LML
TW5. ZIIC XY @i B L OEEETIHEOCT O RS & @ 2 BH b Lz

54 BT, ARBRRESEHEG O THD LA L, BEERE D RN B AR ORKIErREE &
FTIREE D RAEES 2] BN Uiz, ARBERE O RBERRFHIE 5 AOBHREE ORREM A, IR O FIMEEIC
RSN TS, L, TOMOBIARS TR, FEMEEHI A9 2 AR & &5 55 R 238
LRZINTRWVWEWI BN D -T2, 22T, BERFOARMBEFRXELERZT L L LHIT, AM
W TAFFE D SCR A TR LT, BEEERR R CHI D AR O SEUETRFE AR 2SN OR SIS T 5 2 b &, S
YRS HE DT R o \TAHYS T 5 2 L 2B L. 2L - T, HARBSESALE ASTM D
TR InbItA o, /o, IS T2 b0 (EHFIREFHFRTREDLL) ORIMGIEELTR L. F, dhifm
Kibo, /o, EBIRV AL o, /oy X AUBA L, JEMEMAL o, /oy 1 ASTM 2835 2 & R4
M Ccx5Z LERLTE.

55 BETIE, ARG EZMEHNT2WERT, KbARTH D LEZFEERMNeRERL T &7
A DL AMED FEMRIT 24TV, FHEHREUT G B0 R N R ERIERIC R K R I8 & B RIERG LIS
BDELDZEEWLMNILTND. SAROREMRRIEIC LY, BRI T 2 Ml 42TV 24T
b5 L afEd Lo, AR 20 IOV & UBHPHEER & B BT E DA 2 8T TiT - 72
M0 R U EARBRCIE, IOV IR LIEHE Ol ERBE E 2 28BN EC 5 2 Le <, Hor 7RIt

WD Z L aER L.

14



FHOFIMIETHY, AETH LN ZE R wmEERI L TN D.

1 EBE TR

1. BKIGLF » BRHEFROBF Lo, By, SiEIE, Vol 80, No.1 (2010, 1) pp. 59-64

2. KA G, KRBRHE, &o0F, P EE - EAESIRE OST A EOBEWICETD 2 B OB,
55 50 [A] H ARBRFHRIE AT RS PO8kEE, 42, 2(2014) p. 1078

3. R B—, 1L FER, WIS HE, KM - Sl OBITH SIS ADL IC 52 58, 547
A ABLARIE IR R $08%4E, 39, 2(2011) p. 846

4. TR 18 IR T B N IREGE RS . M EERRE IO 2T IR T m T
DDA A B D FSE, p. 29

5. AR, HHCHL, SOKFERE, FIREERD e o s BhEAUGR & B R iR kB2 E 1T
WTC—, AARBEEFSHEEE38, 6(2001), p. 805

6. WHO Global Report on Falls Prevention in Older Age : WHO Library Cataloguing-in-Publication Data ISBN
978 92 4 156353 6 (NLM classification: WA 288), p. 20

1. 04 « Iy YRAatt, SIE T, ol & P 8E, Rt 2010-102602, ZABFE % 2011-
231513

8. A - Im KR S, SISFHTHE, ol&FHE, Rt 2012-133492, AR 2013-
256808

9. M, /NEIE, Balobl & AT AL, FLIRERRPIREER B RIE R, B
FIEY v —F NV 31 5, 55 (1997, 5)pp.313-315

10, 2=y h UEAT A aia=T 1 “NEMAROFTYDOEVCS 3HOORA b FEESIT

R, ML MER” L https:/www.unimat-re.co.jp/media/handrail , (ZHR 2021-06-13)

1

—_—

WHREANT 7 7 =4 P BT R OIEH, maf A Y —X Vol 127,

http://www.techno-aids.or.jp/research/vol12.pdf, (£ 2021-6-13)

122,71 @l s SF. &)IFEE,  “feabgds OV - V52007 XL THORy R, U7 ME

B, AL - BT, O, TR AR R LA =,

15


https://www.unimat-rc.co.jp/media/handrail
http://www.techno-aids.or.jp/research/vol12.pdf

https://www.hcr.or.jp/cms/wp- _content/uploads/howto2019 _1.pdf, (ZH 2021-6-13)

13. 3B EHT R, RN, EEEAE  BITRE X T U ABEDER, U B Y T — 3 VESE, 43(2006)
pp. 828-833

14, V8 B8, /NUBLEF, PERARZS, LS « Sl EE 21T 25 R RAS 7 & B1TRET) & DB
&, BRERIERE, 19, 2(2004) pp. 95-99

15. 7874 =X« 7%y MK BT - HEORE L RO, WA EOEEROS A

72IRFIZ” ,  https://my.abilities.jp/lifecase/fukusiyougu-guide/hokouki-stick/, (£ 2021-06-13)

16. BEFBHE “e—~NVARy b NT U RAEBODR L EE” |, https//www.e-

healthnet.mhlw.go.jp/information/exercise/s-04-009.html, (£ 2021 —07—28)

16


https://www.hcr.or.jp/cms/wp-%20%20%20content/uploads/howto2019_1.pdf
https://my.abilities.jp/lifecase/fukusiyougu-guide/hokouki-stick/
https://www.e-healthnet.mhlw.go.jp/information/exercise/s-04-009.html
https://www.e-healthnet.mhlw.go.jp/information/exercise/s-04-009.html

F2E AFTLFCESIEEEME

21 #%

(]

NHEDVEL SNDEIE, FHAWE, Wb HEFESE ) HoEEo/ g, Wt icknT
X, NEHERLTHLONEVHEEINTEH LI, BMIFERICHhAEY FEMEESh TS, /RS
O B ST FTREZR NG, BATHERE DGR L ORISR & HILTE, H5H OB THREZ HERE L,
BEESELZLENTEH[,2,3]. LL, BBEA~OHADICHESNDFIFCRT M FO@RFicdh 55
A, BEOFRHITEET LI ENTET, 20D, FHEPRIBTRVEANTETCLEY. AYAE
EE2YR— T 5120%, Flz@ns Z el THEETILERDD. ZOBLEN LRI T
13, REERESE MENLT L, WS O HA AT E R D TGS X P4, 5] OB BIRE 5.

B 2 FHLE L, IR-TENICS, Sl FRRECRNTY, SiEilL > TRV VG
DT IR SRV, 22T, BRTECBWTETFEOR S, FHEBROER, B OBRECBW T
FIEFZRM LS WRLFEORK, |mnd BT WERCLHE N, £ L TFREICLERBEZ A
M LFOBLENBKRD, REHEEE LTEET D.

HATHEREDNBOR L TR TEI B 221 T D il &, FHEAE L <UL, B2 LTI TR 2Bz 25
FERRIZ, ZOFRMTHEFLIEARBLOE=2 T 7T 2 ATV, BEEGER L OWERED 2 =

NAHDTHDLD, Fl-miE B L OENRWE OB THEEE DK FOMGEICEL Th 20 % REET 5.

22 ANBIIZZRICESLS SEO~HE

AT L1EIL Y, BE BT 70 A0 DI EENME T LIZ U, 8014 T BADL IZHEB) % &
TEL, BMATHARECR > T2 EBRROLNS. BMEIXMETLTCWAR, ANTrh, T
DRV E AT BT A C & 2RI TR i S i, @mlmE D, ST Rl cE 5. it
ST, ARBIFMEMEHT D58 Fh %, BITHRIEDNME T 24025 705005, BIBITRIREE L 720 b
5805k LT D, ZLT, MlENEET, AT NSDIZRD K DI, ZOFEEITIE L 7= 245

D%t &M%, AR TRCESOWTEET S, K 2-1 [T FHEIEAS | 2 7 EECLT, ABRMET D)
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ORI L ORE O LB L2~ FREBOE S e, FEBOER L, FHLFORES hgy, 51EFH

Fig Wop, FHRS 1, R LBIOSIE PPN Fuld, ANHLFRBRNOIRE SRR THD.

221 FREROFBERI
EERE IS L PR S &3, [H L ARRHEE O EFASRMEER EHEH O R L AEIZ 750mm A FEYE L

L2 EDRPEEINTND[6]. L LMERIRHEDEWELZBET L L, 750mm DOFE I NDETOANIE >
THLEES LITROLRW. 22T, @MERFELRTVEINEDS bWTH L0 E, ANEAEELY
Moe v % —BREEIT>TCWD[T7] . AEICHERA LT X MEEAR 22 12, F72, #EREoMsl,

FlONEB IO ELZR 2-1 1T, W, RYPOFEIE, BEAIBE Pk 30 4 E R - &l
BHREE DO THAH[8]. ZOT A MEEIL, 2 KRORAZ Y RITKEIZFERE A A 7ZEELT,

FH A 7% m S 650 mm~2600 mm OFiPH T ETFICAEHFETE DL ICRELZ DT, FHEOERE
E35mm TH5H. ZIZTiE, FRHEES 750 mm (KT L CHTORBRLE, FFoomsa£Lx T, bx
IERVWEIAHEWREITHMLTH 5 O Zo0RBREIToTnD. [Hr ) EXWFETVOFEE) &K
LR TIE, 7T HEOTRHRLLTWVES ], IO TRHRLRTVE S| 2O TH LY, KEIC [H
IO EFRVWES) ZPELTEDTELY, ELW 69 FRVEZ] Z2ROLNDHEIICLTVD,

TFHOKRE O OE SHEMEX, TR 7O EETHS.

Opening width Wyp

H % Guide rail
Bar handle ﬂ:

Rotation fulcrum A
‘ WA Ly
FA’“__) (‘// e
N\k Il i‘\

Handrail

%
~

Fig. 2-1 Outline of sliding door equipment with retractable handrail
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Handrail diameter

Adjustment range ]
r—
g 2000 mm
[ ]
[Ta]
E b
o8
L [:11]
o 9 8
Fy o
s}
o g
Floor level " g b
Lo |
::g
{a) Handrail hight tester (b} Distance between

handrail and wall

Fig. 2-2 Handrail height measuring device [7]

|=£]

FT, FHEES 750 mm (25 23RBS R A K 2-3 1R T. 750 mm OF S OFF 0 ICH LT, B
IFEFFZEENEEL, FRE THOVMMNEE LTINS, ZPEE 20~50 fUITROREN KT TV D
2, 60fRELEICR2DEH LD EXNEKLETND.

wiZ, ThbrorPRVES] ORBRERZK 2-4 1ITRT. 70 i L0 BEGEEREORED [Fed TF
LRTWwmE ] 226 HED TR LT WE S ) OfMIE. 730~820 mm THD. [HrHERVWEE]
1%, 780 mm THh 5. FERIC 70 iLL EotEEing O5a, [EOTRLLTWES] o [ED TH
HLRTUVE S OFIFIZ. 710~800mm Th 5. [Hr o EFRWEI) X, 760mmTHD. F2-1 LV,
7018, 80 RDFEMEL B LT, Zthix, 5~10em HFEMENW2D, FHEZFELLTVE I BRI 2T
WHEEBZOND. Fiz, B, LML LB LT, FEFICRDITHY, BORRLRTWE Lo

TWa. EEDY, FHEE S ORGHEME, 7050 EOME i OFF Lo Vim0

710 mm = gz = 800 mm (1)
5. HEREE ORFASTHMEERFHEE O M R MBI Sln g 12 L 72 RS S OFEME 750 mm

(611, (DD FHEE S hy DITIEFE OIS LTV,
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Table 2-1 Age and height of subject for handrail bar height measurement [7], [8]

Age (years) 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 80-
Male (number of people) 8 9 10 11 31 22 10
Male height (average) (cm) 176 175 163 166 164 163 160
Female (number of people) 10 12 12 16 32 24 6
Female height (average) (cm) 161 158 160 156 158 155 153
<
o 2
o 2 2 : Too high
g S g L
S 1 S 1 1 : A little high
% I 0 T§ i 0 o Ol: J:stli ::e ]right height
-1 c lIow
& -1 o0 M -1
E O"O—O, -2 : Too low
78‘ 9 \ \ ! \ \ 2 \ | ! ! \
B 20 30 40 50 60 70 80 20 30 40 50 60 70 80
Age (years) Age (years)
(a) Male (b) Female

Fig. 2-3 Age-specific feeling for handrail height 750 mm [7]

5 1000 — 1000
O==1k =
E T g
900 = 900
£ RGN g Boo
= Rl Fol = T
5 -0 5 O T~y
< 800 s S 800 ~—C~ Fywary |l
el re N
S AT S| AtwaaAeesrAnens
3 700 A S 700 AserrAraeiAn, A NV
< <
s jus
600 1 1 1 1 1 1 600 1 1 1 1 1 1
20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 90
Age (years) Age (years)

=J-=Easy-to-hold height(higher side) === Just right height ***ZX*** Easy-to-hold height(lower side)
(a) Male (b) Femail

Fig. 2-4 Handrail height suitable for walking while holding on [7]

222 SIEFRAAEEFREOME Y Tk

FEHER 7O 630 mll T, BENHF T 700 mmld FEBUESNDEAF T CEITT D 2 L A RIS, —
TEEOWMBEADETEZ, 750mmll ETHHZ L, £z, 51X F0ARHOHEAR, 750mmLl ETH
% Z & L EEREEEROFM T EREONCHE SN TN D, FHEOME D EIE, BEUEMEE[10]IC

XV, 100mm U TFERESN TS, K2 -5 FETEFEOBRBIEE FHEOMEY T1EE, K2-6
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(251 & FBE g 2R, KBRS D5 & F B A AR KOFHOME V) SHEORGEHRIMFE, ZOREIC
Mo ZEETD.

Wall Pillar Handrmilinstallationspace

o als s s Y s Xes
I | b g
2 H Handle

g g

= 1] - =

oo E = = p\
Fat ///" /‘/ - s Opening width \
Weelchair Wall L | 750mm or more | Slideing door

Fig. 2-5 Corridor width and handrail installation space Fig. 2-6 Sliding door opening width

223 BT WVWEREOBER
FHREFNHTA XNV I ZHRDDERE LT, LomVIEAZENTEXZENEETHS. ¥

HLEOKIL, ETORELEFOOLBERNPERL, LonViELZ LOTELMERKRIRBIED
FTNEENTND. (11, 1212 2T, ABAER TS 2 =M MTo MR TEED R T vkE)
RER[7] 5, SlEE MR T WFEROBERORE SR AR ET S.

RERIE, W=V EFOKRE 10mm~100mm £ T% Smm %A CEEZ A 2 72 19 ROARBILE
I, BEBREDSL S TRBECTH AR L TAT D L 9 IRICAREAEZ IR > TH BV, ZOKE L ZHIRT 2
ETIT> TS, 2O, TTHMERS 2D EEVIZKKARDKRE), HbEVSTVWKRS],

TZNUL BRI 22D LBV ICK K 2D KE] O3HEELE L TWA, K2-7a), (b) (ZHIEREFEZRT.
2-7(c) ICAGREBRO MR DYE Y FFin %, £ 2-2 ITHERE O N KO Z 7. 70 1% ~89 ik £ T &k
HBED THRHEVLCTVAS] 1F, 35mm THDH. ZHUCE Y, KBGO FEEER d O%EHRIE
1%,

32mm = d = 35 mm 2

15,

21



‘g 60 T T o T ‘g 60 T T T
‘f’ so | DTN Vf )RR T S—
e RSl Y D s
c% 0 _0‘0, ~O—= C\‘O—O g O—\M
= 5 B a0 "~
.5 A----A-----A---.A.--'ﬁ" ANenne A E AvenesAunns AceerBasy, b Aeeee
= °
g g
s 10 ! ! ! ! ! ! T 10 ! ! ! ! |
20 30 40 50 60 70 80 90 20 30 40 50 60 70
Age (years) Age (years)
=== Upper limit —{()— Easiest to hold A Lower limit
(a) Male (b) Female (c) Grip direction

Fig. 2-7 Diameter of easy-to-hold handrail [7]

Table 2-2 Number and age of subjects who measured the diameter of the easy-to-hold handrail [7]

Age (year) 20-29 | 30-39 | 40-49 | 50-59 | 60-69 | 70-79 | 80-89
Number of male 9 14 9 12 30 27 8
Number of female 10 9 10 15 29 24 4

23 EEMEICELEFELFRREGIESFOMEAN AR I ORAELSN

Sl & FEBMARET 258, O FORIROBEBOVRHABRED LT IICEET S, FHIHIDET
L7zl O%A, TORBIRENEEZ D, Z 2T, APEOMZEN3] Zmicsl & F2BE L
TV L FOIR & mlind (28 L 725 S PR ORGHRE R ET 5.

H 51, EMROERTI & F28EL, BB XUCEBETSORLFEM B2 T, @EORRE
DERET DBUCR U BB 2 5 B CREli L T 5. X 2-8 ICEBREBEOME 2R, JIE NG
WHEZNLTE LY 2T T, EHKEFMINAT5. Zokb ) O T, 5l FHMANZREL
TwWs. BAPAZE, 10N, 20N, 30N @ 3 RETHD. K29 (a), (b), (OIHEIEHOFHFLZRT. =
DOIFEHEOFFHLFIX, HAFE T HNICHEHINTWLI DO THSD. X8 (a) X, HIEEYE> THRIET
L=\ RVTHD. BROBERIT ¢25.4mm THDH. X 2-9 (b) 1TV IAREOR Y IAHFIEFTTHY,
2 0 GA RSy O~HEFHETE 100mm, BE1E 30mm, &S 15mm THDH. [X2-9 (o) 1%, WIZIRLE #HT
THIET 2 FHIT 5 X FT, 2T 2ROTEL30mm TH L. b OEMERO R E 500mm O b D
Z, K705 FICBT TS, BERO T LEO R SIE, KE2yS 900mm Th o, fil T, HERE

DR AR 3T, 22Tk, B 72~78 %, LMk 718~83 D milind kL TRd. A%, B
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TENEN 54 THD. BELOEREZEL, Divd, BHEITIRELS, ZEOENE, BHED 60%TH
%.

4 2-10 125 & FHEHFIIROENT L DB LT S ol e Rard.  [BHiTTv %
5, [BHT#EEN] 281 T, 5 BB Cmlind ORE U7 S 2L T s, B 10N T, Sk
EIRD & A 76 K&, BARAT) 20N TiX, = R EEDAZERBMA LT <, 612 30N
T, N= U RLOHRBEHRT, LT WE o TS, BholRENZEICL 2RI N
. M2-10 K0, Sl E ARG LT VG FIREREOCR HFIL, N FALTHY, N—nr
RATHRITRTWEIE DN D5 E P 1IE 20N BN K TH D Z & mAlins. £z, HFHITE.
Grandjean OHFZE[14]% 72, 5lEFOBRTED LT HED L £ TOH R OB 2, BT HIDIZ
AU D HIENBH )% 5~10N, HRBR A /1 20N A& lC# L7z /1 Th 5 L ifm ST TV H[13]. &
B S DRIENBA 1 ) Fax(xa = 10mm) & T KB 1 T Foaomax DFXFTEREHRATIL,

5N = Fau(xa = 10mm) = 10N 3)
Fliemax = 20N (4)

95,
£, N=AYRVDEE hpy DEFEHRML, ARFEOENTRIME OMNLTWE S FALEOHIE

[1517° 5,
850 mm = hpy = 950 mm ©)
ET5.
Sliding door
IS BB
: ] 20
mm
S A
5 Weight § g254mm ST §
P’s @ =l 15mm  © Qégmm
Al :
Handle \‘% g
\ @ — lx\

(a) Bar handle  (b) Concave handle (c) Plate handle

Fig. 2-8 Experimental equipment Fig. 2-9 Handle geometry
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Table 2-3 Age and physical characteristics of subjects

Average Average gri
Age Number of ¢ se &P
) weight strength
(years) subjects
(kg) ™)
Male 72~78 5 59.8 312.6
Female 78~83 5 51.2 189.1
g b ‘ ‘ ‘ w ‘
.- _CA_& 8 ! 1 § ; © :Male
25 ] | R [ H—— .
= S § | § 1 § : A : Female

=g
s 2 B 5 g
H o 2 = Q = 2 =]
= = g = g = =
A S g 9 < g o = £ 2 <
s 2o o & B g < E 28 <
CHE-F- BB R =N R -
« & < o]
] O & m— < IR [} O® =
M O M m Oc ~ M Od M~

(a) Force 10N (b) Force 20N (c) Force 30N
Fig. 2-10 Results of sensory evaluation

F7o, RBIZEMOBHOMEORESRMIL, ENTOBEITEZEE L CTED LI E AR BEER161ICHE
vy,
Wop = 750 mm ©6)

ET5%.

24 AHAEMOBMERFHIAVSHE

I OMZENTINC LD &, ADRFRIZIZ 577121, @BH - iR 2RIz s s &,
H % OEIEEME - ITAZ MBI T 572DV IRUINA 6D o 2 FE G 5. FHEX, #aH - ik
XL TIE, BARRFHEST “BRME BELRALTWDL I ENRKLETHY, HEOAEEIE - 1748
XL TUE, HEZYFREDRVIN WY IR UATE” RENLE L S TWD. KRBHZ GO FHERE T
1%, REMREIE, BRSO “SRMET ZERM L, 5381 Ol FAMEOMEMIT IO 5.4 i I
E P OMAMEIC BT 2 FBRAURET [THWS. BUTIS, MRS OFFE D, ARBAFE THRM Lo ik KirE

DEERAEZ AT 5.
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2.4.1 ADOEBIEEREOHHERR L USRS

2-10 (TS O N DEREIRT R O FHALERE[17] 277§, BRE N EAE 34mm OFHEZRY, s
BO RIS B, BERFOMEFHZRAE A T o Tn D EBEEIE, BRI MO —imics] ik
NEPFAA T O, HllZe vy 7fFE DT A o FTHEREY, vy 7 LTWD., A Fouy 7%
AL, RHEIIABMICESNNEE 2.3G T 700mm BE1T 5. #ERE L, FREAEAZIRET, S8 LT
BT 5. TOROFEIZEHNOMELIET L. K 2-111IRT X912, BEERILT, aHOBEIMN
WL,  (BTHERAE], (b))% FiEE O Y TIToTW5. FHEOE S, 750mm & 800mm D 2 @Y %
Y. FE e, HEREIE, B RFAEILATHDL. K2-RICHEREOFEOSHA[17]E2 7. Fi2, K2-
13 [ZHERFE DR EDO M7 %R, #RE O &K 170.6cm 1%, 70 i&~74 5RO BIEOFH T &K
164.5cm £V @<, #EERE OFIRTE 65.7kg 1%, 70 mE~74 D BEDO VAR TE 63.7kg LV BV, - T

Z ORB B IF BN ADEEIRTES R RIS ® A, RAMICH< EEZB.

Measuring instrument
AN Winch with lock

Fall down Fall down

N\ N\

Mobile trolley

Tension spring

«—
Direction of movement Direction of movement
Running wheels
Buffer spring (a) Fall forward (b) Fall backwards
Fig. 2-10 Load measuring device when a person falls Fig. 2-11 The direction of movement of the

dolly and the direction of the person's fall
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Ave. 170. 6 cm
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Number of subjects
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Height (mm)

Fig. 2-12 Subject height distribution

242 ANDEGAIRERE

14
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[o))

Number of subjects
I N [ee)

Ave. 65. 7Tkg

30 50 70 90

Weight (kg)

Fig. 2-13 Subject weight distribution

2-14(2)IC FHE " & 750mm D IRs ORI HAEREff B ORIEME[17]% 77 L, X 2-14(b)IZ 14 7 s ke D

B OWEM[17])2 9. £z, 2-15(a) FHEE & 800mm D FF 0D Fij J5 i8] s 4if B O I B[ 17] % 71~

L, B2-150)%FisEIR O EOWPEME[17]1%4 <7, FHEE S 750mm & 800mm TiE, FHE S MK

WS, EEBIRERTES KX V. £7-, FEE & 750mm & 800mm DT, HIFHEAE X 0 % FEEEIA3,

HAERHf BN RE N ENDND. T b ORKREIR, —HTS500N 2256 OREEH 505, KY-

IZT400NLLFCTHDH. Zlck v, KBEEESLOD

Ave. 289 (N)

frequency (Number of people)

_I _‘7 I|_|_

0 100 200 300 400 500 600

The force on the handrailing (N)

(a) The force applied to the handrail
when falling forward

REHHTEZ 500N & 5.

freqgency (Number of people)

Ave. 328 (N)

0

100 200 300 400 500 600
The force on the handrailing (N)

(b) The force applied to the handrail

when it falls backward

Fig. 2-14 Human force applied to handrails during accidental tumbling (Handrail height 750 mm)
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0 Lol
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The force on the handrailing (N) The force on the handrailing (N)
(a) The force applied to the handrail (b) The force applied to the handrail
when falling forward when it falls backward

Fig. 2-15 Human force applied to handrails during accidental tumbling (Handrail height 800 mm)

2.5 ARBAFEMOREHIER

2-16 12, VL EORERNORRE LTCRIFROR 2R3, £72, R 4ICARLRHITES SSRGS L,
ZITKT DR E Ok 2R 9. FHEBIE, 415X Y, Re=1000 mm O Carved handrail Tdh 5. F%
SEE, RO~ OISR TR EFEEZHZ LT D, 20T, FHEBEOER 4 IXTIRENE S 7 OB
HEND d=31.5mm = 32mm & L7z, R 2-4 RTS8 Re L FFH T & FHIOKIM A ap
%, SIS FRANZHRETOBRCRER Y =4 P2 EODEHASUR A LA Fr—F —BOAERBRIC

FoTkEDD, FHIBTHANLEDLETEHLIHHT 5.
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Opening width Wop="775 thm |ii{
Bar handle ¥ i Guide rail stand
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‘ ’l' AGAP: 35.6 mm
Rotation i
fulcrum A
Guide rail
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S| E
R
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g I en I c%
A — & o0
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Fig. 2-16 Major dimensions of sliding door equipment

Table 2-4 Major design specifications of prototype

Item Design condition based on ergonomics Prgtotype
specifications
Handrail height /z 710 mm < /z < 800 mm Eq‘(“i‘;‘on 713-782 mm
Handrail diameter d ¢ 32mm<d<op35mm qu(lg‘;lon ¢31.5=¢32mm
Handrail  Bar handle height /gy 850 mm < Ay < 950 mm qu(lg‘;lon 910 mm
Equati
Curved rail curvature radius R¢ 600 mm < Rg < 1050 mm ?;)a;])n 1000 mm
Gap between handle and Equation
handrail A AGap > 33 mm (8) 1 35.6 mm
Initial opening force _ Equation 50
Opening Fuea < 10 mm) Fux(x4 <10 mm) =5-10 N 3) 5.5 N (Actual)
. . Equati 2
force Maximum opening force Fiumax Faomax <20 N ql(li)lon 22(';:1 (4A7§t111:11111)1)
Equation 775 mm

Others Sliding door opening width W, Wop > 750 mm 6)

H R O MR Re B L OR BT L RO doarlE, 3.63 17T
213524, [ 3-14() TR T

2.6 E=% V7 XBARBZG O
A TYIE LIz FH 4 CHYE LRI R ORI A>T 2 Z0FDE=4 Y 2 7%\, KEI%

mn 2SR B K OB WEITHL S THEWSLT W D7D )y, BITHEEHERF - BIIEICAEH TH 5 D%l

HFL7-.
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2.6.1 EEE (i) oF=FY 7

F=H Y CTIBMENT KL, Filn 82 %, FK 152 cm TH 5. ABHFE SO FHIRRERT & & E 3

a

ABORNOBATIRE AR Lz, X 2-17(a)iE, BRI G M TE FOFREEEY, 51 & O
IRT- L ZATHD. BIEFICFEEN WD, Z 2B, M2-170) IR T X 91, FECHE
TELTHL-o T, X2-181F, APHRMOFHEEHRE LI-BZOBTIRNLTH D, X¥2-181F, 4FT
WITF R B EFORIZANAITLTWAS EZATHD. FHEMER LTI 1T o4, BHEICHRT
FTHILENTELL IR TWVD. K 2-5 [TABIEMOFREOFEEA L, HUTHT & B oK
FOFHEREOHRETT. OSTRI, OBHTER, O FOBHIT, @A LB LUOmME~DHT,
OB B, OFBEOITHEAHD, B XU®F & F OB EDORIED 8 HAIZ DWW THHE L

ARBHFE S ORRERTE, SITIRDL S ANLE THITER S D722 SBTITH L TEBI TH o 7273, FHER
EBEIX, BTRLEL, BNBRTTELLIICR-oTND. IHIZ, BVBTNRTELL IR

& T, BITRRICEEIT > CTWEFEOMEAENE I N, T=X ) I HOBERVFEET, h

\

F T ATHRIT o2 A, BEILTER T2/ Motz THD Z EAVHA L. ARBH3
AR E SN THHIE, FHRIEFVLZLL T ABRETTE D L)1 B TmEn M L L=, ABES
BHER BN K DA E LT, VRN R TER o BEDORBENTEX L X I o72 2 &M%

Fohs.

No handrail

(a) Sliding door without handrail (b) Care-assisted walking

Fig. 2-17 Care-assisted walking before handrail installation
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handrail

Retractable handrail

Fig. 2-18 Walking without care assistance after handrail installation

Table 2-5 Changes in walking conditions before/after installation of retractable handrail
3 months after

No. Survey item Before installation : ) Effectiveness
installation
Walking Walking only when required Walking freely .
! condition Unsteady gait Steady gait Effective

. Incr motivation
Motivation to creased motivatio

2 Low Increased enjoyment of ~ Effective
walk .
walking
Walking in . . . . .
3 . Walking with assistance Walking by herself Effective
corridor

Walking with care assistance /

4 Going to toilet Attendant required Walking by herself Effective
Going to Walking with care assistance / . .

3 bathroom Attendant required Walking by herself Effective

6 g;)ilrnsg up/down Difficult/Incapable Easier/Capable Effective

7  Family care Required whenever she walked Not required Effective

8  Opening/Closing N/A Not strenuous / N/A
operation Easy to use

262 RIZEPWEFOBHOE=FY T
FERRIBEUTICEEZIEE LI BMOARE L TR RT 53— V=L TOE=F) U IHITHD.

ZOBMEE, 64 n%, HE 165cm T, WE OBTIEIR 7 A NI U RHEMEHL TS, v 7 AT

YRRUE, RED 23 X5 ENTEL0, BHFEIZAT CARI14, 15]3:KkO6ND. ZDHO,

ARBHFE L DU AFHRERA R D2 A MIROD 3K THS.
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) FHEOBUINTGIEFDOL AR L THES ZENTERN ST, BEILTERTLZ L~
DN DD, BIEFICFENRODL L, FHENRUIND Z LR FRHEPERL THLDT, L
THHIZHEEREID Z LR TE 5.

) ABFEMOBAE, BTES, ETETHE) ERWIIBTAL—XITHETE 5.

3) BRI, BT TERWIE, BITHBCAITH D, FHEIL, BEAVWEIZE > THRD
BEMB A CTI3e<, BNAREZELTLOORIZR O THL. ZOFHEIE, BHIAFITKRERL

D.

2,63 EF=F Y U T K DARBFS O
mlin M & R AT 2 BMEOARBFFE MR OME, @l IEIXBEAITNTE L9120, BT
BHMNEL, BEOFABENTEDL L1070, KigRSTHEORESRO bz, £, BEEZAT
LEMENBIL, ABRBMEPFEEE IS THEWLTWEDTH Y, BITXEICEWARERH D Z L&A
BCE. Lk, ZnEnoEHENLEWVRHMEA GO, TS LY, KREFRMLD, mEinE s &
OFERNE DOBIT IR LU THRRBEEICAI Th D5 Z L 2 FREL T
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T

AAFIETIE, AR LA > o @l IS8 LW S 2A L T, ABRFELORFHIAREZE L,
ZORAFMDOE=XY) 7T AT, FlEBLOENNEOBITHREDEIEICH H TH 5 H & fik
L7z, ZObiZEEonfmIl Tomy Tho.

(1) ARBEFMZHRFTT 2ICHY, BEAEEBLOHEMEICLY, OFEORES S, HHEFH
BT TE @51 AP HEL@FHEOME Y HEL K OC@OFHEBOEL TEZOWT, TEFRAIC X
v, @BEEIHENLTWE SN ZENENO AIEEZ R L2, ZOHBEDOT) G, ARBHFEMITHE L7z
SHEZRERIHCERE LTz, T 2 TRIE Lo -HERIRIE, AR TR S MO0 ORGSR &
2o TNDHDT, KEFMUANDFREORFHECEHWD Z LN TE 5.
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Unlocked Lifting the bar Opening the door
(a) Jumping type

_.—:> S

—

Pushing the door Opening the door
(b) Telescopic type
Fig. 3-1 Current types of the sliding door

Sliding door \
‘ I~ Guide roller B

Handrail
Mounting plate

Opening force ﬁ \

F(x)) 1 “—Guide rail

Supporting point A

Fig. 3-2 Figure of this matter handrail summary
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Fig. 3-3 Extendable handrail Fig. 3-4 Bascule handrail Fig. 3-5 Stand type handrail
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Sliding door

Bar handle Guide roller B

Handrail

Guide rail

Rotation fulclum A

(a) Opening state of sliding door (b) Closed state of sliding door

Fig. 3-6 Retractable handrail on sliding door
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Opening direction -

7

Fig. 3 - 7 Schematic illustration of retractable handrail and guide rail

Guide roller B

Rotation fulcrum A

Fig. 3-8 Equilibrium of external forces with torsion spring
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L, x, =79~105mm L CTHRKREL LV, EO%BRL DT H. K3-9@a) T, RN DL

RARPADBREL 2%,

[*)]
o

g Rotation fulecrum A
closed position

w
o
T

r

Opening force F, (x,) [N]

Guide roller
b

X4

(a) Simulation value (b) Simulation model

Fig. 3-9 Sliding force F, (x,) in Fig. 3-7 obtained from equation (4) by varying R
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Fig. 3-10 Schematic illustration Fig. 3-11 Opening force F, (x,) closely related to angle ¢ (x )

F, (x,) depending on ¢
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Rotation fulcrum A Rotation fulcrum A Rotation fulcrum A

Guide roller B _ R Guide roller B _ R \ Guide roller B \R‘
AABJf |

Ay %
L

(a) AAB:—25 mm (b) AABZ 0 (C) AAB=25 mm
Fig. 3-12 Positional relation of rotary fulcrum A and guide roller B
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F 4xmax satisfied F4xmax satisfied F 4xmax satisfied
Fomax=195N = 20N Fimax=193N = 20N Fiomax=168N = 20N

Fig. 3-13 Maximum opening force condition can be satisfied when 4,5 = -25 mm
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(a) Prototype opening force (b) Guide rail shape

Fig. 3-14 Prototype opening force and guide rail shape

44



T, 3-14(a)ld, KB O ) ORHTIE L EBRIETH L. MEITIE F . =19.5N, EBREF7

=224N TH VY, RMTEOERMEICKTT 2L 13% ThH o712, = OFERME L MITEOMICAET 521, =

(A L= ORYERL LU AREICHK T 25D LEZTND.

3.6 FREBSLELFHIOANRLENRGZHEL, FHLFOHRPALZY CHIBRTFHEORE

3.61 HEoELSRFEBOFERIL, ROFLOTH

[X]3-12(a), (b), (c)E, FHADSABMZEMME L TORLTWDNAB TlXF OB % 3.6 2THIIRT.
4 3-15(a), (b), (@)%, ZDOLI EREZATHEMELFFOLFEELIOOET L TRLIEZBDTHD. £
MZdH 5, FHESR A OFE EHORmS %, 750 mm & LTW5. 2086, FREEO® ShgilB\T
1%, X 13(a)id 2 EORKFEARO)O FEEOE X 710 mm = hp = 800 mm 2 e 9 5. L, X 3-
15(b), ()%, BAOINI/IEWA, FHEBOES 710 mm = Az = 800 mm il & TX TV 720,

S 51T, K3-15(a), (b), )PETIZBWT, 5l 22l LI-FHEIE T, FREEFELFENTW
THEKRMERHD. X 3-15(a), (b), (I, FHELHLFOFUGETITZA G TRY. K 3-15@a), (b),
(©)D 3OO T, HIEFICHATT 2R HFOME, RSN A DALE, HA FAZ L FOME L5 &
FHAA =7 BIOFREERAFECROT, BN A & A Fe—7—B ZfATEROES H &
hpa DZFEZE DT, G OMEIEFRCTH S, K 3-15(d)02, FHEFITOILKKZ7RT. FHFIE, ik
DO TH— M7, MEIROEBERd=32mm & Lz, FFHFEFHEIX 13 mm (G)TFHL, FFHTMl
DA EMONEZ R G &, FHETLETOREEA; = 1445 mm TH 5. X 3-15(), (b), (IIBWT, A
G # 5| E FAMRFOACEIRED FHBICEK T &, A GIEEEESURA DB L DACEEHICH 5. X 3-15(),
(0), R TLDZEFNENDENER > TNDEDIE, EE HE hraDFEIC LY FHEBEOARICENH D

72D Thb.

45



)

} /
- {
i i
; i
i i
| i
i i
1 i
| i
H i
i i
| /!
! !
| | /
: PRH
s
iy

50 mm %

handle i i a |
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E A G G i - &AG G \H: éiA S g il g
E% 16— 198.8mm 11 S QEWB EE%% =
== 775 mm | = 2 775mm | 8 =T 775mm _J N

'S 30mm ; m°‘meNHHNMW L Emmmn“%mﬁé T

<= ' Floor level < Floor level = Floor level

(a) H="782 mm (b) H= 804 mm (c) H= 827 mm
with Agg = 750 mm with Arg = 750 mm with Ars = 750 mm
satisfy Eq. (2) does not satisfied Eq. (2) does not satisfied Eq. (2)
. Bar handle i : E )
b L
P Handrail I
¢ 8
gk
_I(_:Lfl',:"
(i
Interference
G;=1.3 mm
Ag=14.45 mm
SECTION A - A

(d) Magnified view of interference between handle and handrail

Fig. 3-15 Interference cannot be prevented by change 4 ¢

3.6.2 FHLFORLIALEZH SHBRFEORE
Wiz, B 3-161%, FbFLFEOTHEZN DO TT-OICER L FE ORI 2 R~T. iR

A3 A O EFILET B 3-2() D4 T 5.

FHOBIREZR DD FCTRObEERZ L, THLAVWZETHD., ZZ2TIE, A4 Ke—7—B »[FH

DET, MALECEBSESESZRTEBEOFRLRND EDl; =145 mm &, 5 A »SKEFAIC

Lig=198.8 mm DA L L THG EHE<.

) ZDBRGHD FlF~he=60mm DN EZHEG EL, HAELECEZNETNER TSR, HGIT,
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THZ LR, K CIE, A Fa—F—BOHLnD EFICMELEERESAZESETIESHE
SRFHEBEOTLREDZRTHD.

IKRIT, B AG’ &Gy CG* DB TN EHLVEEBER DI E I AT A 51 &, T OMORENG, dhFEE
ReOHLE O WEED. JHih L7y AG'C Z R, TR — 7 ThE S, IIEEERR, DR%
FHARIEE, RADES AGOHEIPFANIZH S Z L L, FHICFENES 01D K5 REanirith v 232
ETHD. b, diEPEERAT,

600 mm= R; =1050 mm @)

L7 %, Re<1050 mm i, [EHRSC R & giR FHE A1 O IS T 2 7o DI RIRM E e R S 1y (K 3-16)

MHRELLEDOTHD. FERAED 600 mm= R; 1%, FHEOITHHMN Y NHFAETEIKIEETHD.

Rotation fulcrum A

4

Fig. 3-16 Geometry of curved handrail

3NTICFHEEFLFOTWAMRI LI EZ =3, X 3-17(a), (b), (c)E, ¥ 3-15 & FIERIZK
3-12(a), (b), ()P 3 PDOET/MIxHLET D, HFHEFHICLZZ LT, FHFLFEOMIZKE dowr =
35.6mm AL, LTOXO)ETHE LFEDLFLFFOFOHAIALNELS InoT-.

ZIT, BT L FHEORE A ORFHRMIL, BAANTIEDORE 5 hFHIHEEOF DR FEE

30mm [Z BRI AR 3mm 212 T
Agsp = 33 mm (8)

LT 5. 3-17(DIZFHF & FREOBRMILRX %2R 3-17(e)Z5 5 HFREFEEDOF ORI & R~ T .
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wIZ, 3-17 128005, WHRFHEOFHER S hr 26T 5. 3-17()lE, 2 EOXQ)DFHE 710

mm = sz = 800 mm DOFRFHEMEATE LTS, X 3-17(b), (o), & FBO Fana 1TSS, F

a & g OFGHERME R E TE TV, - T, &KRBE T Fama EFFD T L FHEOBRE Adciprds L

FHE S R OFMFETETE 5K, K3-17@)Th .

Eﬁ f i
S|4 ar = A i
g L_—— L
= o o[ ] j = :
AL od o Y RN S LT E AN g il ] E
= Floor level = = H .F‘s%or |l|eve|1 T ™ n Floor‘level T
(a) H=782 mm (b) H=805 mm (c) H= 827 mm
Specified iz = 711~774 mm Specified g = 718~804 mm Specified hr = 725~833 mm
Don’t satisfied Eq. (2)

Satisfied Eq. (2) Don’t satisfied Eq. (2)

Bar handle E : Agap=35.6 mm
R
1 : 1 ]
@3R2mm | 1 ’:' "'
TS
| 1 Handrail

(d) Magnified view of 4 g4p (e) Hand thickness at head of fifth metacarpal bone

Fig. 3 — 17 Interference can be prevented by change 4 g4p

3.6.3 FHREDHAS & F 0y R LB AR
22T, FRMWEEE T oMY R LEMRRET, SIEFHA 0L E

F, (x,) ORECAH U7Z3A Bl 15488 & R OREM 2 5182 Z ORBRICHEH L7z,

iyl L— LI Ch D, SEIOERTIE, 20 FENCET A E TEHHTR7OBBAEITWL,

2 Y
= San

DFMETHEY IZLAT-T2. FREOR-S>FE2FF->T, FENTEIIHSNHMEE T F2ME, K
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2B & FAERICHD L. SEEHEIL, 775 mm OO A e —2 TS5 A 75 ThD. 17 B
2, ANREHD THBOIZRIE L, Sl FZ 0T 2RO RKEL B ChtA o 72X 3-18(a) 1, #Y
W LUBHBRBICB T ADMEMBD 7oy N CThDH. BN F, (x,) X, RERBLERFD 20.5 N Sk~
WZHINL, 11 ARITHRAME 231N £ 720, 20 HEIE TIRE—E L Ro7z. ZOROBR A OHINET
1 10%TH Y, Zik, BAFOMYIRLIZEY | a3 A 2 BINEROHEEH-C L —/V R\ EREN LT,
ZOBEFEIZ L D ETEREAEMT 260 LB 2 5. X 3-18 (b)iZ 20 HEfEMA% Oy L L —/L &R
FEFBRAE ST G T - 7225, RO HS & L — VEICEREN R OIS, Hif L L —/L OEFESE
MICBILTIE, #0 K LBABARBRIE, 1 AdH72 0 5000 EEEIOREREZ 40 ARV IEL TEBIRo72H D
Thon, —MRRERTIE, 1 By 20 FERRECHEARE TH L. #-T, BEOMMATI,

Hilg & L — /L OBEREEMNMEL D 2 L idnwbDEEZS.

30 p : ‘
20 ‘W
15 | 3
10 f 3

0 2 4 6 8 10 12 14 16 18 20

Openingforce F, (x,) [N]

Numberof opening and closing N [x104]

(a) Opening force vs. number of cycles

Sliding door Wheel

(b) Rail and wheel wear

Fig. 3-18 Repeated opening/closing test for sliding door
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3.7 Bl FRKBEROSDOEBILE FDEL
Gl & FORKEEA 2T 5 HiEIE, 0342 HOK 3-9@ITRTH A R L—L o8
REREXLSTHZE, @35 1HDOK 3-12 (IR AEKS A E DA Fe—F—BOES dpe KELT

LIEN LT BN, LTS, ENENOKBGIELZHIIT 5.

371 BB R X BHKBAA ST Faoma DIER

3.42 O 3-9@UI T 5 E A B F (x,) OFTETIE, A FL—L OB Ry B REWE
KRB A D) F g BT TIRY, HA RL—/VllEEE Ry 2 RE T2 2 & RKB A ) ORI A
ThDHZ LR ginD. LiL, 3528 THRAZL SIS, WIEIBH A7) SN = Fauu = 10mm) = 10N i
T LS, BEREFEUONLRAM O N e DELDEDETOHA RL—LE, 2 DO Ry, R
AL CHESE LT b niRny. o T, A RL— Loy R 2 RE LTHRRHAO

Faomax & MK C X D403, BGAREORIFH L2vFE S Tu7au.

372 EEBIXRACHTINA Fu—F—B D& EDE A2 X DEKRBE A TIF grumax DR

3.5 11T, [BHESURA EHA R —F—BDOES =25 mm % & T 5 & KB 0 JIFpmar DIKRIC
BALCTHDEHA L. L, K3-13(c)D dip=25mm, F£72, K 3-13(b) 445 =0mm DA TH T4
B SO 2EORFRMER(EW -T2 ENTERY. 22T, K3-13@)D 44 = - 25 mm & [X 3-13(b)D
Ap=0DTA FL—/LOfFHA R =500 mm O KA Z R L TAHAD L. 195N & 193N T, £D7E

IZO02NTHD. - T, A ZIRIHEET D RHITIE S LTV R0,

3.8 #
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A TIE, FHEEET D& 7280, T2 &Yy Iab—vard aimlakey, Th
ZAWTEIE AL A5 O & FRZATOVABRER OO RN — 7 2RO FERH L Z L %
O LZ. LT, Z2ORANEE 2 ETRLIEAMLFOBLEICIES WIS | & F45E D%
RN D, RONRFIAR—ZAOHT, AEOSIEFHRONEZERT RSN A LEiEr—F —
B Ot iefriE L, [Ffin—7 —B NAL—XITHEETE L4 RL— L ORE Lo, ZOki

BRCMAINZ2RFEZER L. SbI, HMTHENRL, BMINBZ T TV D &g 2382 L
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TeRAEEDE=2 Y 74TV, RBARMIC K D, BT3RO A M & BT REIEIE DR R A T~z

ZORER, [FoNTEMmITLLTOmY Th 5.

(1) BIEFBNNORKER, ERFEEERICH L TARIEOY I 2 b—va r HiEEHAWDZ LIk -T
FFE 3% LN T—ET 5.

(2) ElEENEHRL AEHTE 251 & FORKBE T Fime = 20N 22T 5 2 &N TE, HFPEER,
L Ry THLMNIEHTEDLHA FL—VBRERE LT, R Z/hS<T DL, Fama = 20N Ziiii &
L7gw., 72, K& TDE, REDEBLDRBHNEEEL 725,
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xE LTz,
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FMAI R T EZ ER L. ZOTRICE-> T, MRFEL, FOFLOTHEMIEL,
HFEEROFVRRENRNTZO DM Adcur ZHERTE 52 L AR LT,

BTV ART AL ALTA R — L OMEEER AN AEDE D Z LI L > THEFA % B
196 NLLFICRETTE 5.

(6) 5l EFOLEMNZMERT D700V Ik UBHMMERZ R Lz, ZoRR, FRENGHAS & FIX
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L—/VDORBEDOEFEC LY, ) 10%DETTHEIEMARD vz, R EREE 702 2 &30
7z

(1) BLEOM~MHEL Y, KFFEORRE, OARBFEO FEIGHAL & F2MZIFRER N A THA T
LIRS R A & A Fr—F—B OFERRE A Fr—F—B Bk T 504 RL— Bk E 7o
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LR D ANEMEI OB, EERHHEEZ BB L RO D 2 ENARETH DD, BT & BEAM
AN CITREREFI OB X FRRES B D, B2, BEWEEEH CIIM B O 5750 2 FLITH M IR & 5
T 2 EMBVD, BHEAMRETIEZ )V —TRELZ WD, £, EEERGHCTIIRMIICHYE T 5
B OREWTIR S 1%, BEEARM G TITEEREREE & PN D, 2O X ) ICEFARMEREFHIB W T
PR G138 | B IR B 72 IR0 2 T 3 %0

I XL, EEOIIRA 4-1(a), IR T XD 7%, FFE - Sk - FPTEICI W TR E O B LA T
X DA FRMH o5 2 P[], 12 L. sl &P FREZEAT5Z2 2128 -T, B
TaEEICbE-T, BEHMICFEEZHET LN TES. ZHUC kY, SITRRADMKT LR E

, NEFTZNELET, HMTAERZ0E D TRABETLIENAREEERD. BEHENZOFHE
2T 56, FRICEELZ FCHREORYZLZLH2Z2ENHY, MELZITHFHEEZT TR, F
BEBMNT TOD ARG EFICHLB IR UMENE LS. FEHOIX, ZOMK LHFESMN T OmANED
PG 24TV, A MGiE3], [41 L7z,

AEIEFORRBICHNT, FEHOIL, BRFFH EEDO X I ITREMEIOMRET — & % HWVIUZE WD,
ZTOMLSEFERLEZ., Thbb, £, GO EH O AREMEIOTRE OB # ATl 7
VN B ZAIARE R RO 7RI A AR o T2 SR 72 <, A O 7 R /TR S DWW T OB fE 2R B
HERT2W, ZOROREREFMTHZ L. £z, BEAMEREHIRET 2 LML LiLoME
NdHD.

Z 2 CARR T, BEERGH & BIRER T O FRECR AT FIEDOEWZIEIC T2 & & bIT, ANEMEHM
EHALE S & 2 i A & A5 F SO BHFIEIZ DWW T, Z DOBRE DR 505 2 57 &+
5. TLT, 5 BECHWDMEMAT 217 5 BRCAE 3 2 MWToRE, BRIRE, JETMELZH Ol

T, REVERHMhOHEELEE 5.
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Sliding door \ i

k

— Guide roller B

Handrail
Mounting plate

{@:rlf 1 Opening force
F (x,) d—fouide rail

2000 mm

E .
S Rotation fulcrum A
< Y4
o~
~
| ] [ T
(a) Closing state of sliding door (b) Opening state of sliding door

Fig. 4-1 Structure of the sliding door
42 RNERBERMBIOEARRNMEE

HARMBE(JAS Bik)IL, ANERMEHMEIOBHE « FhEOMER LOWEZED, Bikad ek
BT K Dk 72 A - IR SN T WD, 2O AARBRABUS CIE, WS, WiEAEmRM, ik
FERREM, #EHEHR & ORERE M B2 R L THEE MBS L ER L TV D, WE A
BHE, Hikg - BUEREEFEIC LY —EOMEPHER SN b O T, Ml RER SN HIRE - i, Witk
FOEIEEZ AL, o, A ZEC CEREEZRFTEDMAMEZAT L2 0D[5]L s TV5.
Z DR HAEE R &5l & FORGHIEE ST 2 E RS HIZ OV T FIZR~ S
421 EERRMOME

s AL, B D56, HIEZMEIE T 500 Th- T, BEYOMEERGE LB R
MT 222 ERAMNLTEHEDOEV . ARBEMEKIC L 28 O5%6]1T, & 41 [TRTEY TH
L. F T, HBIORESNTBEEZ R 41 1ORT. £420F, ADICHESNAHETHY, £ 4313,
ASTM IZHE SN LB TH 5.

s MR T, SEEEE L TARM T O &0 XaE: BRI 5 B %SRS, HEHMEREE T
E MBI L CHRE A K 0B R HEE T & DHIRER O 2 FREOBEFERX 3 MNHIE SN TND. Fik
X352 8T, BMOBEDOIXL S X4 XV RWEFICIIS 2, AMORELZGEIIERT 52 L

ZA[REL LTV .
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Table 4-1 Classification of lumber Table 4-2 Tree species specified by AIJ
X 45 3 i bhED, RWED, hbEo, ¥7Y
SHERT |, B ED, BIE, ODOX, 1o
—. - - W, AEES, LEES, T
13 AN O T 7y L T A4 (S D S O WM. AR, &
i (BF3E ) MED, RNED, L ED, ODF, T, . B, <0, b, B, Hox TE
FAR 4 B 5y WM D 5 5, #i%o xRz BRIEL, 1~3%RICKyT5 b bv, ZU>
i 3 LR ?. SR (SRR, R AR LR, A A 2k
i s | DS L OO e R S T s £, K31 RK, B, KR _ _
e . Table 4-3 Tree species specified by ASTM
- KON (F S) A36mmA i, 38 X KO O/EN A 36mmLL E, oAk O
HEXEA 1 D 2 90mmA i E D B 0. Baldcypress, Cedar, Douglas fir, Fir, Hemlock,
B A0 O A36mE E, 7oA 00 R0 4390mmEl o b o, B3R (Larch, Western, Pine, Southern yellow,
Redwood, Spruce, Tamarack
CFE A &AL F L U CIEMMERE 2 M8 & F- 20 (CE . il UAE, ke, W%,
PR AR XSy bk CRRMEAR SR A E L, EBO~EL50% TO6SMICK YT 56 0. # .
. ' o T, ’ N o A Alder, Ash, Aspen, Basswood, Birch,
i i R AL 1T iy BT 0 4 i X 2 AN S 1 3k D JEHE A 7297 b . Butternut, Cherry, Chestnut, Cottonwood,
Y5 75 P BB ?‘){E, B3, BE, TOMOBEEYOEFEICHENT 2 EEM MO b I Elm,Hackberry? Hickory, Honeylocust,
. Locust, Magnolia, Maple, Oak, Poplar,
A At AEN O RAR, RSO T HIC KA S5 SHEER M O b 0. Balsam, Sweetgum, Sycamore, Tupelo,
— ~ — Walnut, Yellow poplar
T BE A LA D> L, REMEMEIE TS H 0.

AMTEBRINC A D L EHAZT D 3 OOz R OEAZRTUMEI TH L LERSNTWVD[7]. €D 3

DOFMEHZK 4212/, K43 IZAF0 3 FRGIERROIS N OT AR E T, X431, RH[T]

(= & DMEHETTAI(L), B ITTRR), BT (T) OERBRT — 2 25 L0 bDTh L. KIZBWT, M

THRL)ZGIZERD &, #1537 OC ER4T S EMILTHRIY CA AR TH Y, C RASLPIRE, A /8

W TH D, KL A(L)TIE, SEER O R I3 08 F TEHBRANTHD.

BH DR ITOT B & el § 5 &, TREE & LITHPEREUCHI Y T 28 O T RO = &,

HMEST (L) > B 7 TAI(R) > B2 G (T DNE T 5. AARMBIRE 1L, MkHET 8 (L) DA EHRFPEAE D 7273

HESNTERY, BHGFHER)E I ORI R(T) &2 BESMICER T2 2 & i3,

A L
RT L = Longitudinal axis (L-axis)
R = Radial axis
R T = Tangential axis
1 T'= Circumference axis (T" axis)
In LR = Longitudinal-radial surface
LR RT = Radial-tangential surface
TL = Tangential-longitudinal surface
=
TL

Fig. 4-2. Axes and surfaces of wood
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Stress O (MPa)

0 5 10 15 20

Strain & (x1073)

Fig. 4-3 Tensile stress-strain diagram of sugi

422 BERSHROEE

AR, A OFTRAEH, I THEEOENT-FHEZH A, AMOREZSEL, BH—HA L0 <,
B IRL, fEA D I WMBHIIE Y BT - — RO AR Th 5. MERAHIT, Al 5> bREYy
OFEERG EEBERHIIHERT 200 TH D Z L0 THRO HARBKHKIS]) TEREINLTWS. 7
bbb, MENMEERLEZAIMOND ZEEBEL TELNTZERTH S, I TRE & HEwHrEAR
BEAFEE S LT, MESHR 1H&kE 2RITHTHNATND. HEE 1k 2 B ITfH R WS A EE R0 ) B
L, BIRTHM, IRFHMETHY, TORTH 1 FIIEEHREZLELE T25ICHNLN TN,
A CIIAEE N GR 1Rk kt5 L LTk 5%.

s A AR OTREE I3 E O RS IRICERE T 5 0T, DUFICREFIEIC O W TR S, K 4-4@)cnd
I, RIEOHETZ DX I ITHEARZEIHIT L. RIZ, BNEKRIZLIEb D%, #ERZEM L TH 4-
4b)D X S ITHEHED J7 a1 & 90° UV EWNZER ALY, JEERAT L0 TH D, K 4-5 IR LD
HIEMGROS RGN OT MK R T. ZORBM 1L, AFEZ 21 mm OREH G 1k, RO,
B B-C, HEHITIAMELEINDTI VAR THLD. B EO T AIXEAT 2R EHRO L I,
THATHY, WM EGERYT, ZOKEPEBREZR>TEBY, Mk Thsd., £z, M 451

BT, REHROLGEOGIERY ST ALY REREER>TWDHOIE, BEENGFEHTHY, THRE
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DR L T OBER 1 MENZEIZL 526D TH D, TEMARIISMLEOBBFIZL Y, FKEOMWHE
HEZRHATNDDTH D, TR OENT X DOV TIE, B ARMEU TFRI D 2 & ki

AT I K ONE A F M OB ERR S BEE S TWD. Z OAFEFEE S ST RIE TR OiE A L

K441 TH 43R LI AFTM[TNE, 7T OMBR9], BEOK45ITRLIET U SO LT E T
BIORT ' HHOFEBRSDOHETH S, K 4-6(@)U2 T ' HFHOHREI Y HLEKZRL, X 4-6(b)(Z T FHD
WYY H LK ZRY. K2 K0 AFH, U MEREBIZL HMB TEBEIO T HEICK L CHEL
0.08 353 L 1N0.03 & BGHENT. THBIOT HIANE, FiH &5 ik 25 720 iMERICHT. Zhicxt L,
L e T A ERZEICEREDET T U AT, RO FEIC X DT /L)X 0.65 THY, %
TS E, GRBSRARORGEAEM LUREZ R LS/ 2 Lnnhol.

WRIZ, BAREMBEIZBE S EH AR 18k C-C A ICB VT, RIROMMES o@Dz LD
HYEFTFRICTIEBIEY ) [S1D0£EE K 4-5 THE L TH L. AWROEE e /o DfElx, 7L — FIN=3 &
N=5 ZRW\ T, 1HEF1THD. Fb— MEOZWERITIE 25720, N=TULEOAHIT, HEME L 2
YT ZENTED. LL, AWRORIEGFMOFREIZR 2 b0 L Bbiud s, ZHUCEET 2815808 7Y 7=

LRV, o T, AR TEROVHE S BT, SHME L THRVI Y. RBREFRICHEIZOWTIL, 43

HTHAT 5.
L-axis grain
Cutting blade Front plate
Leaxi .
axis grain Single plate

Tl

T'-axis : Circumference axis

L-axis : Longitudinal axis

(a) Peeling a log into a single plate (b) Nine-ply lamination of single plates

Fig. 4-4 Creating and laminating single plates
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[MPal]

Stress O

40 I f
L
30 -
<—
Tl
20 .
10 -

| I I
O 2 4 6 810

Strain € (x10 "3 )

(L-axis 5plates, T'-axis 4plates)

(L-axis 4plates, T'-axis 5plates)

I~ L-axis tension of the front plates

| T'-axis tension of the front plates

Fig. 4-5 Tensile stress-strain diagram for lauan plywood, the first-grade structural plywood

Table 4-4 Comparing strength ratios of L-axis to T- or T'-axis using sugi, a lauan single plate, and lauan plywood

(a) T' axis

(b) T axis

Fig. 4-6 Explanatory drawing of T' and T axes

Static strength [MPa]

Type of board Strength ratio
o, in L-axis o, in T-axis o, in T'-axis

Sugi wood 33.3 2.63 - o) /oy=0.08

Lauan single plate 45.8 - 1.37 oy /or=0.03

Lauan plywood 36.4 - 23.6 o, /oy;=0.65
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Table 4-5 Static tensile strength in L- and T'-axes by varying number of sugi plates N specified as first- C-C grade
plywood by JAS (ALJ 2003; AIJ 2006).

Single Static strength [MPa]
Plywood lat S bt
ate trengt t
Number of thickness p ) i o5"¢ cngth fatio
lates N ¢ thickness g5 in L-axis o'in T'-axis (o' + L
ates = (o /
P p tg (front plate)  (front plate) b %5/
[mm] ab)2
[mm]
3 5.0 1.6 20.6 11.9 16.3 0.58
3 6.0 2.0 17.1 15.4 16.3 0.90
5 7.5 1.5 18.9 11.9 15.4 0.63
5 9.0 1.8 15.4 15.4 15.4 1.00
5 12.0 24 15.4 15.4 15.4 1.00
11.9 18.9 1.59
7* 15.0 2.1 15.4
(18.9)* (11.9)* (0.63)*
7 18.0 2.5 15.4 15.4 15.4 1.00
7 21.0 3.0 15.4 15.4 15.4 1.00
9 24.0 2.6 15.4 15.4 15.4 1.00
Average value 16.2 15.0 15.6 0.97

* when number of plates N= 7 and plywood thickness t,=15mm, the values (AlJ 2003; AlJ 2006) may
have some misprints since o /o4 >1. Presumed correct "values are indicated in parentheses

4.3 HEERMEHI T 2 BERET & BIRERFT DR R 5 15

BEARER R E BB OREIMTTR S 18, BRI E & BICT N TORERAET e D, REREHM B2 7o ik

At 2 BEAGER RIS AL, BERFITHWONLREMGE L DBEENLEL 2D, LUFICFFTR
gL Fb, RO NI T BEICHONTELRT S,

43.1 WWIRS o, ITHY T2 [EEMBERIEE F (BERE) |
ANEMEHRFHHES] T, MERAMEIOLIRY, EfE, #hiF % OEERER T & AL 7o R IR S I2HSE
WLBRTFRE A U TR B AV B & SEESREE R MEAE oF L ED TV D, T D oF 1%, BEWGEEEIAIZ I ZEMriR
S o, ITHYEL, WATRTZLENTED.
off (LR = o, (ke (1)
EBAEE LB, AR TIRE 2 OIBEFZER DR D RE V. AMITAEROBBELEREZ(LE T, B

PENETT D720, MR R OHBRY 2/ NABRE T HMEERIIEL ST BNAEL L. ZoficiitfoRk
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FIi W & ARMBHEDBERESNCHIFIC L > THBMEICELZ T L. £ 2T, BEYMOREHRETIX

ZOXORIELHOEEZEE/ LT, ERT —FITESWTHEFIICHEE L2 lir v Tng.,

N\ Population intensity distribution
(Un known)

95%

1 Strength O

1
% 5% lower limit of population : & (True value)
L,

TL value= 95% lower torelance limit at 75% confidence

= JLHEGR FEIRF I i = Strength O

75%

Fig. 4-7 5% lower limit at 75% confidence level

NEAEERFHRAESIC L D &, BB A £ O 7o R VERRBRIC L 0 15 O TR B IR 5 O 118 %5
WA ATEBLAG, U A TN TIID, T ORI O T5%FHUKIEIZIIT 5 5% FIREZ &
YEFREERAEE oF EERL TS, T7205, 100 RIZ 5 ARITHEAEREZ FHEDLZ L Z2FF LT, 88500

B S5%IHY T DA T 2L VW) 2L THD. X 4-7TI1RT TLAED T5%EHKEECEIT 5 5% MR

E<H 5[0, 11].

432 BRESEZEZR UTBWERSICHY 325 [EREPERE F (BERE

HEERAWD X 912, BEFRIZER LI CIE, AR EIC R 59 2 Rl (L 2 B8
THLENDD. LIchio T, BEEMEER LRV E OIS ILEBE L. ST, #5EHoH0
B YR - RPE - SRAMR - KBNS ORI AREIC K o THILT D, 2 OARERMERGHEES TR, &
YERRBERFIENE oF ICH BRI K AR U2 b DA SEEMBIRE F L ER L TS, 22T, ki
BRI K B BGEREHAICBRBE SR e L9 2. MEEHAITe ITHY T 25 K T EETREERAEE oF 12
XL Te =6/7 LEDLN, SIEY - [EMEICHHNON TS, b %, BEHFHI AW LGA LR

QTEREIND. —J7, BEHFHIHWIHEIIXQ)TRI LN TES.
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FEYERRL R (LR F = oF x K )
ZIT, oF=MMERERRIEE, K= SR
FEYERDRIIR T (AL FTF = BENTIR & (B at) o, x ¢
= 0,%6/7=0.860, 3)

T, K (BEEGRE) = ¢ (MR =6/7=0.86

433 EHRO, THETD TEREFRCNE o (BERE) )

ATMOMY IE L O FTEbIDGE, BWERG CIXES R o, NAVLN S, #EAME O KLU E
JSTTEE o 1%, EWIREEICA L CEREES L E R TR KON T2 BB L2 b DT, fam e L TR
REFOE TR o, YT D, 2O &iX, 458 TEETS.

£, AMBEH LD EN RO IEIETFRICTE /1%, K@ TRKDOLEND.

HEHEFPAIS I (RESERRET) of = F x Ko x Ky

:(OFXKt)XKOXKf (4)
2T, F=YERPRRE, oF = SRYERERRIEIE, K= HIEMRE (BEAIZ Wb DIk K=1)

= (LRI, K= IR
I EEGEREE T, XG), O)TEITENTE S,

HHEFFRIG S (R of = o, (HWERED)
= oy (HERGT) X ¢ X ¢ % ¢, ®)
= 0, X0.86X1/2X2/3
=0290, (6)
R (O) &LV, JRFMALLGLT IR o, MWTR S 0,)1 0,/0,=029 ThHDH. 2T, Ko=¢, =12, Kr=¢,=

23 EINTEY, Ko=¢ ZREBEKTREEMESRZ LI2TD. 20 1L, BEREYOEMIZ 250 4/

Dleo THEMEH LHLIT 2 Z L 2BE LI b DT, MO U —7 BRI E SV TIRIE S LD F7
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BThd. £z, o, 1 TWrmS 2 RE £ TR RS o 7RET, —HMOLZERLHL2TLEHT
5.
4.4 BARLKE DA OIREFAM A

ARM DI 2 G 2 HEFACkZ b & § 2 B LHIIA TH 2 ASTM A & —F 2 3 FLHikE
ASTM D245 [12] B L TV ASTM D2555 [13] 'R SN TV 5. ZHUTAM DR S/ NRERIE D SR ) 5 FF
BISHEFENT 5 HETHD. HARTITZ ASTM 22EIC LT, HAREAMORER JOFFRILINH A
BERBIZED AT WD, £ OFEMIT A ARRES Y2 (AU) D Standard for structural design of timber
structures [14] IZFE LA STV 5. Z 2T, ASTM & AL IZHE» TAM OIRERHM 514 & Akt D
BT ZTHT 5. 2 LT, AMETHEFICHER LIEAROIBEZ, ASTM & Al OFHii 54T
FRFET 5.

4.4.1 ASTM and AIJ{Z31F % # V& LATE T OAREMELD allowable stress D RS D Lk

FK4-612, AMITIIT DEHBRE OIKIBIRE 2 ASTM D245 TR 2 HikE, AU CTHEINT 5 HEE
AT T TRHMlT 2 AL, B ARRMKEMSICEE S o MEHEHI 1 RORE 1Smm M Th b, 51
FRM OFERRRI, 41 8L TS,

ASTM D% 177 1 T i3 (a)Adjustment factor, (al) Degradation Factor, (b) Strength ratio, (c) Seasoning
adjustment, (e) Special factor 234 ¥, (a2) Safety factor, (d) Environmental coefficient 7372\ >. AIJ OB H
¥ Tl¥(al) Degradation Factor, (a2) Safety factor, (d) Environmental coefficient 234 ¥, (a)Adjustment factor,
(b) Strength ratio, (c) Seasoning adjustment, (e) Special factor 2372\, FH THEITIT 2V, FH L TR
HZLEDTEXHREE()TRT. 26 DEBIREONE & ASTM B LAl T2z X 2Rk
ZLUTIZHAT S, SOOI TV D (a)~()DitFik, F4-TITRTHREEGET 5.

4.4.2 Adjustment factor , Degradation Factor, Safety factor

F9°, # 4-61281F 5 ASTM D(a)Adjustment factor, (al) Degradation Factor, (a2) Safety factor % hiHH 9
%. (a) Adjustment factor |, i BLAKAEHRFHE]IC & DIRE DG L X EREZE LIBETHD. $HEERICER
5, R EORM OMEIZH#EA S5 T & 58ED Adjustment factor (X 1/2.1 TH Y, JEAEIX 1/1.9 T

H 5. ASTM D245 Ti¥, (al) Degradation Factor & (a2) Safety factor % % & ¥ T(a) Adjustment factor & L T
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~RLTW5. (al)Degradation Factor | %, [X4-8 253k Hi1 5. X 4-81%, ASTM D245 [ZHUE I LT
HHDT, ~ VYU =T EMENIHERTHD. oL, VA RarMwT 1 2B D Forest
Products Laboratory 237 - 72 K s N BR IR O ph 1T BRI L DR Z Tl L7 b DO TH D,

Z D B ITART EFFA5E R ] (Load duration) 10 73 [F ORI 2 L & U C, ffEFHGRFH O 272 558 E %,
Z OIEHEFREE (100%) & DHTERD LTV D, Bl ERHER I 2 3 om LT . EfidY ASTM
DOEZ T . ASTMIZHUE SN A M EMGEHR OB KIZS0FETH L. 22T, AMOETHMmEELET
LRI OATETIE, BRIET 5 AUICEDET, MEMKEHIRAZ 2504 L35, AT, X140 ASTM
O A IER L C, i Bk 250 4£12 31 B Degradation Factor OHEHIME 0.57 455, ZDEMN S

117 @ (a2) Safety factor [ZR D X HIZHEHTE 5. (a) Adjustment factor 1/2.1 & (al) Degradation Factor =
0.57 £V, (a2) Safety factor %, 1/(2.1x0.57)=1/1.20 &7 5.

ZAUZKL, A TiX, (a) Adjustment factor Z#1E+HJ (al) Degradation Factor & (a2) Safety factor & #i
ELTWD. X 4-8 DREHRAY AT D(al) Degradation Factor T 5. All T, ASTMIZHE SN TV 5
4-8 12, FEMGEHIM 1050M S &3 » HDRM &Rk, ZHEZEMRTHEY, 250 F08%RKDT, &
YERRE L T\ 5. AlJ D(al) Degradation Factor |, fnf Bk 250 FEDME 0.5 2 5. (a2) Safety
factor %, REWTIR S 2 FEPERREE £ IR S 2R TH Y, A TIE, @H 23 L LTN5.

4.4.3 Strength ratio

(b) Strength ratio I%, ASTM D245 |[ZHUE Sz, FERM O Hi(knot) RLFNIVE D K a4 Z &3 2 KR
Thod. BRK/NRBRIEKIL, ZhOORENEN. ERMOFFISHER BT 5I120%, b DOXRa%
ERE LT, MR NREBRR T DI T2 B8R IS AHIR O RIS 3 243552 e U CTIRIBT 20BN H 5.
ZDORKOFEE, BLOZORESIZL YV BELKFIELHEELMELLEFFA TS, REOFIRIC
%, #iEBHEOBER, BN b S, MEKIL, ZNOORMOW, BMELZKTIELIHENRHREWN
bOEREHTLHZ L EoTND.

AR TELY $ho 7o H AR RRHAEEH AW 1k C-CHORHETIE, HioRE ZIE, 50mmllFE &
NTW5., 22T, ARIENK 4-4) 17T L O IR & TRES N D720, BHEOBERINIEF I/ S0

72, MEREZ10ETD. o T, MELITHICIDLONRHELERD.
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HiIlZ k9% #iiF @ Strength ratio 1%, SRDAIETH D Z & 2 LT ASTM D245 I[ZHUE S 41 5 i Kk
& 610 mm DUHERIC 51 mm DOEiN B 5555 D 0.78 &3 5. #it5l9& Y @ Strength ratio 1%, HilF D 0.55 % &
INTWND. ZiUE, #HEEHARMOSIBRMRED, #hiFEM OMRE X0 & Hi<0AR Bk O &} (grain
deviation) 72 E DFFHEIZ X 0 BURICBAZ T 54 L SN TWVWH T EICE DD TH H[20]. HEEHMED
Strength ratio %, HIOKE I DAL VIBELAZREIT 5L 922> TEHY, 51 mm O OFREIZH T
DEEERLL 078 THDH. AU T, AMOZERLTRIBEOIIR, &% HiH L T Static strength % & T
WHDT, FREE LTRL TR,

4.4.4 Seasoning adjustment

(c) Seasoning adjustment |ZAKS DE KR E EJE L 7= ASTM D245 [ZHE SNTRETH D, Kb O
X, BARROWAL L BITHINT S, BARRMEKEOEENEMR 1 #ROEKRIT 14% U T ERESNT
W5, ZIUTKIET H ASTM D245 OBLE TIE, EKE 15%LL N DOH6A 0 Seasoning adjustment 23 HL7E S
NTEY, TOMEITHT T 135, fits5RT 135, #EMTITIS THD.

4.4.5 Environmental coefficient

(d) BREE BT X 551k & & 8 L 72423 (Environmental coefficient)lE, ALl DIRE T, M 25
BWEDENLKIFENIC L 2P BB LIRERTH LS. GROMITIRSI2% 4 2 Environmental
coefficient (X, 3/4 TH 5. JEMEIRS, FIHRIM S Tx9 % Environmental coefficient 1%, 6/7 ThH 5. Fiz,
PEFEM ZAEH L 722V AR 2% 5 Environmental coefficient |%, 1.0 Td 5.

4.4.6 Special factor

(e) Special factor 1%, 595U v 7 BGRICHES T, AMFENRE LS RDITH> THRENMETT 52 &%
B 20550 TH H[15]. BARBITIE, 2 4 F R0 REZRMBHIRE L Tl 2 K83 %5 ASTM D245 |2
HESNIRETHY, FmEOLIHEA SN TS, E 140 mm 1 D Special factor & 3% 4-6 |2/~
Al I ZDOBUEIT/2V. AWFZEIE, R7IEMT28WMPBAHRTHY, R LTHEA LY. /- T,
ASTM, AlJ &b, ZOFk%E 1.0 L4 5.

4.4.7 Product of coefficients equivalent to ratio of fatigue limit to static strength
PLEIZRT425L (al),(a2), (b), (c), (d), (e) DFE & F 4-6 D(f) Product of coefficients (Z/KF". ASTM Tlx&

IR D 0.21~043 2 TH Y, A TITEIRED 025~029 £l 7o TW5., T HDREEND,
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ASTM & Al OFNZEN/NIWHFOMEERHT 2 22 aF &%, Lz > 7T, Product of
coefficients 1%, HIIFIZ AL D 0.25, BIIEV IZASTM D 0.21, FEHEIZALD D029 2T 5 L L22TH 5.

Z 2T, & 4-6(Z7~79 Product of coefficients o, DJEMETREAS 0.43 T, GIFRMAE 0.21, #hTTRE 0.34 &t
BLTRENZ L EBPIT 5. Z Off Product of coefficients a, IZ K& < 88 % 5.2 H1%31%, Safety
factor «r,, & Strengthratioar, Th 5. T D DIZEY, JEMETREED G HEFREE & T L v K& <7
5. TOBEMIE, Adjustment factor o, (2 &V RE D ASTM O Safety factor a,, (3, BWTRS o, Z M
BRI o & TS 2R BTH Y, T L5IRY o, = V125 I1Zx L, EMiD a,= /114 T/hSWEE 725
TWNWAHZLILEDbDTHD. 7o, Strengthratio o, 13, AWM OEICRE e EOXIME BB T 55585

D, ASTM TiF, HIFE & EMIRE LV &5 IRBENPHIPARD B L Z TV, 5RO

Strength ratio ar, Z HIIT D 0.55f%5 & LTWAHZ EMBLHHDTHD.

o
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Fig.4-8 Relation of strength ratio to duration of load

by ASTEM and Al
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Table 4-6. Method for calculating g, /op from coefficients a, to ay defined in ASTM and ALJ when load duration
is 250 years*>

Tension Compression
Bending
Coefficients parallel to grain parallel to grain
ASTM All ASTM Al ASTM Al
(a) Adjustment factor a,in ASTM, a, = (al) x (a2) in ALJ 1/2.2 1/3 1/2.2 1/3 1/2.0 173
(al) Degradation factor @, in ASTM and AL 0.57 *! 0.5 0.57 *! 0.5 0.57 *! 0.5

(a2) Safety factor a,, in AlJ (equivalent to 0y, /0p = ratio of yield strength to

%2 %2 %*2
static strength (2q; = 0,/03)) (1/1.25) 2/3 (1/1.25) 2/3 (1/1.14) 2/3

(b) Strength ratio a,, prescribed in ASTM 1.0 (1.0)y**  1.0x0.55 (1.0)*? 1.0 (1.0)*?
(c) Seasoning adjustment a, prescribed in ASTM 1.0 (1.0) 1.0 (1.0) 1.0 (1.0)
(d) Environmental coefficient a; prescribed in ALJ (3/4)* 3/4 (6/7)* 6/7 (6/7)* 6/7
(e) Special factors a, prescribed in ASTM 1.0 1.0 (1.0)**  (1.0)*? (1.0)*? (1.0)*?

() Product of coefficients ay = ag X @, X a. X ag X a,

4
(equivalent to g, /0 = ratio of alternating fatigue limit to static strength 0.34 0.25% 0.21% 029 0.43 0.29*

(ow/0p = ag))

*! The values of @, in ASTM are calculated setting the load duration at 250 years according to AlJ.

*2 Values not prescribed in ASTM or AlJ are in parentheses.

*3 Since a, value for plywood is not prescribed in ASTM, the value in AlJ is indicated.

*4 The values recommended by the authors are shown in bold type.

*5 Although the values in this table are for the first-grade structural plywood material 15 mm thick made of softwood (sugi) specified in JAS, this
method can be applied to plywood made of hardwood.

45 WERAARICEB T BEFBO—ELE

4.5.1 Kb DORITIR

A, % 4-6 OB TRMEIICHEL 2 HD1F, FREOME L TREDap=a, xap xa. X ag x a,
THD. ASTM & AU T, 2D ap FHLS T THBRBEOHMTH Y, TADEITREICERERFOMN < O
TRV 22T, BBERFIONS G, ZORMKIICEET ~S a2y, KR E L THAKICHSS
LT LAY, 22T, MAttoy,/op &, TNENOARMEIZIST DMKV EITRE g, & #AY R E
opPHTHD.

452 WERHASWRICBIT2EFBOELE

Wi

ANEREL OV IR UAFEIZIET 59 973 BRITARD TH 720, ZOH T IERATHT LW R 21X 49 12

k=i

T ZORNEAILS[16] ORIFESRRICE D SN TH 5. BB, i 40 £ & FHtEh

RERFIT 12~16%) DR 22 HERI L, AERRF ST ROEPHTEIC L D WHR Y 0 I LihiFis
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Nabz2%. ftdE, hiFmS o (3T 2 MTISNIRE o, Dt o, /o, THD. ZOMEIY, dhiFHEI;
AL o, /o, =032 WHAEALS .

TR E LT, K 4-10 123 T X912, ZEES[17)1X B A D 7 F (Japanese beech)D iz » 72 U V) ¢
FBRO S-N R Z RO TS, K 4-10 1%, MK LE 10° BIZRIT 5, U0 IEHRmAT, /15 =
032 2R LTS, ZHEFIX, 0032 fHaNEITREHETE D LifmmfT Tna. wiZ, M4-111
AT R, WAG8]ITE /XM O Y FIEAE T ST O SN #ifR A KO T\ 5. # 0 I LE 107
N30T 2 dh i 7 IRM A e, fop =038 TH 2. F7z, BILG[91E, AMOFIRY 5I9ET & FRY
JEMEIE S DIFSEEAT > T 5. LavL, WHRVIEF OELEIT L TV, AEREE R FHLE[S I 590
FEIZ BT D Rty e W, RS GRS T — 2 2 AT OIER S TiERy. £ED XD 7RHT,
60 F1E ERTD A DAKRER B O I BT D ER[201238 5. REMEM B OMALL o,/ o, 1Z, Bk
Wris g Izt LC o, /o, = 0.22~0.33 OFPHICH D Z LRSI TS, L L, ZIUIAWRIZIRE S
72 b DO TIE7Z2 0.

WHODOEK 4-712, ZNETICAFTELAMDOMAL o, /0, 2 L OTRT. R 47 IZLHUTMIA L
1%, 0.29~0.33 T, & THAORE LFAICEENTWD. £7o, FEH O DIUHXFHE3, 410
BT, F4-7, Nol IZRT 5 & FREMGFHIEM LoMER SR OMALL 03 1%, % 4-7, No2 (IR~
15 AR O FEHEFF RIS I EE of DAL 029 L 1FIFE LVMETH - 7.

ARG TER DM U7 A D FEHEFFA IS ) BECREERR L) o/ DGR G T2 D RLIIE J7 R o, 124

BIDHETHLZELHALNTHS.

08 L LLLLLL T TTTTIT Crrrrm LI LLLLLL
%*
Qo
b 06
iy
quc
04
032 |-
02 L 11 i L1101l L1l iiun 1 IIHIIIi
108 10 10° 100 107

Number of cycles

#*¢2 /g2 : Ratio of bending stress anplitude o'f to bending strength Crg
*¥* o :Broken @>  Unbroken

Fig. 4-9 S-N curve in repeated bending fatigue of Japanese sugi
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T, /Ty

0 2 | L L L L
o 10 10? 103 10* 10° 106
Number of cycles

* T,/ Ty : Ratio of shear stress ampritude T, to shear strength Tp

Figure 4-10 S-N curve of torsion fatigue test for Japanese beech
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1

0.2
10 102 103 104 105 106 107

Number of cycles
B
* 0, f / aﬁ : Ratio of bending stress amprlitude O f to bending strength O p

Figure 4-11  S-N curve of rotating bending fatigue test for Japanese cypress laminated

Table 4-7  Calculation example of endurance ratio o,/ o,

No. Calculation example of endurance ratio o,/ o, o,/ oy,
1 EH OB AWTEE N AR OIA 4] 0.30
2 F3&E H AR O L (F(6)Z ) 0.29
3 W18 B O 033

(H(5),(OZH, &=1.0) '
4 A XM OHITEEITIAL[16] (X 4-9 SE) 0.32
5 TFORL VIEFEIHMAL[17] (X 4-10 BH) 0.32
6 v XEERH O BRI ST LE[18] (K 4-11 BER) 0.38
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4.6 BERIHFBOBWMERGT & DX & 41
7 4-8 |ZEREELERET TR FHRE OB EH & DXt 2 £ LD TRT. £ 491, NEMEREEEHAYES] IR

S AU DA T A (R TR EA) ORGHETT (L) DR E 2 7R, % 4-9 7> DA IE B O M ALEIE 0.33 &3

HEND.
Table 4-8  Terms used in architectural and mechanical design
HEELRRE PR R
- - i £
4 RLT Z Rl
HERHLERIZ X 2 H RS E
EAEAHEIL | oF | BNTRS o |Tl . "
B
BREEIC K D BEE M ORI S L 2 B8 L725R
FLYER LR AL F HAbx B RE L TR & 0860, |
F=0860,
RAETFRIC S E of 57 IR o,* MR O 0 3R LIS & %9 55 R
of=0290,
=N X S 2 T T\
K K, B (LK £+ im KD HAEM ORI S Lz B 2%
AAE(EAREL Ko EAF TR AR TR EK - 7 ) =T BB T DR
LR G —FEDL R &t T IR & 2 SEPE RS 2 72 9D DR 3K

* Symbols used by the author in this article

Table 4-9 Strength characteristic value of structural lumber in the grain direction (endurance ratio &’ / &% 0.33)

EBMEAR L 1 FLHEGR R MEAE oF # LRI T of
FofE itk £ GP’
(GPa) 2 [T S o7 (MPa) # %R o (MPa)

1 % 16.2 5.4
2 X 2k 45 15.6 52

3% 13.8 4.6

1 %% 22.8 7.6
e ox | 2% 35 20.4 6.8

3% 17.4 5.8

*1 Architectural design term, *? Mechanical design term
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4.7 BIEFIMER L7HBERA SR —kA DR EEREE

INETOMNELY, SIEFAMICERN LIEEH G —ROmEEREMEZ RES 5. £4-101F, K
EREERSCRAERR G HE () - FIMERL21] 1R S D MEEH AR 1 A OEROFHESF mOETH v,
R 6 FRE 2 iFr U CHEBAREZ R L7 b O TH D, ZHETIZ, # 4-6 1271 L7 Product of coefficients
a, = ratio of fatigue limit to static strength o, / o, 35 J OEHEFFAIG J1ERELRRET) o f DR FH 7> & RL7-
WHRo, 52 EEHLMNC L., 22T, 41012 CC MM OMBETEREZ R3.  FEYEREE R
(CRREERRGEY) o F 2> HHEIRER T O IR EEARAT TZE & 70 2 IRIRIREE, JEOTRRA B L THK 4-1117- 7. 1,

BEIRTREL 0, 13, % 4-6 (27”7 Safety factor a,, IZK W RDIZLDTH .

Table 4-10  Structural plywood first-class top plate Strength
characteristic value in the grain direction

SEMMER S 1 JLYETR LR oF
mx | B £ (GPa) 2GRS o, (MPa)
E > R
(mm) ” i of 5L of JEfE of
A-A~D-D
A-C, B-C, C-C A-C, B-C, C-C A-C, B-C, C-C
5.0 3 5.5 37.2 20.6 13.6
9.0 5 4.5 27.6 154 11.9
12.0 5 4.5 23.6 154 11.9
15.0 7 3.5 21.6 (23.6)3 11.9 (15.4)% 8.7(11.9)%3
21.0 7 4.5 23.6 154 11.9
24.0 9 4.5 23.6 154 11.9

*1 Architectural design term, *2? Mechanical design term
*3 'When number of plates N=7 and plywood thickness t,,=15mm, the values (ALJ 2003; ALJ 2006) may

have some misprints since o£'/c} >1 in Table 4-5. Presumed correct values are indicated in
parentheses.
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Table 4-11 Plywood material properties estimated from AlJ and ASTM used for FEM analysis

Plywood for door
Items
ASTM All
Elastic modulus E 3.5 GPa
Poisson's ratio % 0.4
Bending ol 21.6 MPa
Ultimate strength o Tension oT 11.9 MPa*!
provided by AIJ B (15.4MPa)*?
Compression o5 8.7 MPa
Bending oy 17.2 MPa 14.2 MPa*3
Yield strength o,
. 9.5MP 7.8MP
= 0p * a2 Tension oy (12.3MPaa)*2 (10.3MP2:1)*2
(@g, in Table 1) ] c
Compression g, 7.6 MPa 5.8 MPa
Fatigue limit 6,, = 0§ X ay 2.5 MPa*3 3.4 MPa
(ay in Table 1) (3.2 MPa)*> (4.4 MPa)*?

*1 Static tensile strength g5 in L- axis when the number of plates N=7 and plywood thickness tp = 15mm (see Table
4-5) which are specified as first- C-C grade plywood by JAS (AIJ 2003[21]; ALJ 2006[5])

*2 However, as indicated in Table 4-5, since ALJ values*! may have some misprints, presumed correct values are
indicated in the parentheses.

*3 Bold number denotes the values recommended by the authors

48 fu B
AFFFE I, BEWEREH OBLSE D & AR BB OREIBTREE & 9% 57 R EE O JAR Y 5 & B ARG A R (AL &

ASTM OF —HNHELETH L LI, Ao, /o, ITHYST D D (EHIR L FFABRED ) DR

FikwmR Lz, ZORR, LT ORG®E b,

() REMEOIRET — X OEL) NI T, IR FHC I B IR 8 T3 MR O P B ME b
NTWD. BERRGHCR b HE R IERE AN oF 25, BMSRE o, (Y T2 a2 ERMLE. £
7o, JRUEFERISTIE of DS, JEHME o, \ITHMSTH 2 AR L. 2SR Y, KREMEORE AL
c,/c, BN LT,

Q) IS OFT BN D, BT OFREL, WRAEST 18 > B 710 > BT Th 0, fikiE7 17 25 B0 125

<, BMITRGMEMEICHD. —F, HERGHEIL, K 45 778500, BEBREIAE 5.0mm,
7.5mm JE S ZFRIE, LA E T 5O RUEFFRS ) B OFREE (T /L) 1 HLLFEIMER
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BRYZENTED. Thbh, BRBEARORGEEEMUBE LM ESEHG5 2L 2600
7-.

(3) ARG 2 L ASTM OARMREDFE N HFELHK L T, TOEWEZH LI L. K4-61T7T X
912, ASTM @ % H J7 1% Tl (a)Adjustment factor, (al) Degradation Factor, (b) Strength ratio, (c)
Seasoning adjustment, (¢) Special factor 734 ¥, (a2) Safety factor, (d) Environmental coefficient 73720 >.
ALl O J77£TiE, (al) Degradation Factor, (a2) Safety factor, (d) Environmental coefficient, 733 ¥,
(a)Adjustment factor, (b) Strength ratio, (c) Seasoning adjustment, (e) Special factor 2372\ ). ZOFER, =K
% % % (f) Product of coefficients o, = (FE F7 it ALkIT), ASTM TiL, HilF Do, =034, 518D «, =0.21,
JERMED a, =043 2% L, Al TIE, #iiFDa, =025, 5lEDa, =029, EfiDa, =029 ThD L%
ARLTz. 22T, AUTIE, GIRY LEMORETGMALRF L THL Z L ZH b L.

(4) RN BE IR T ML, R 4-6 IR TREODOHE o, 12HROBND. ASTM & AU BELILE
REDFE o, 13, BRI T 2 BRED I o, /0f, o,/0l, £lido, /ol ERRTZLNT
5. T EBIEV IRV TE, A OIFTA o, /o EBIEM A o, /ol 8RR 2 N R4A
Thd. EMITBWTIE, ASTM OEMENA o, /ol ZHRMT 2B LZETHS.

(5) All & ASTM DT — & > b REMBFOREWTIREE &I 7R E O RAE Y HABLE LT, MIEHAH 1 #,
15 mm M OREBIR S, BRBE, JEHREHOMCL, R4-11IRLE. #EERAH 1M O8]

R X & EAETR S OFBEBIR A, SIEV RS 6! = 11.9MPa > iR S o$ = 8.7MPa TH D Z & &R

L.

73



e AbfHRE

F A ICAMICEET 2 BEEERF HGBOR S & B0 AR, AMICBET 2 BERGH AR, Fiss LU
XOWHFIZIBNT, FREICET 2 ARE CHMERGTIRE L AR RBAE L TWDH I & L, HIT, AMFFH
DHFENEZ L HDH. 2 ZTlk, ASTMD245[12], ASTM D2555[13]5 £ N ASTM % JCiZ#E SN 7= T «
YN=RA R =T A[101F & TEIT, REZRARMICE 2 BEGEREHHFEOFI L & 31L& R” .

Table A. Architectural design terminology for wood

Japanese English Note
TSI T Allowable properties [10],[12]
PRI T Allowable stress value [12]
EiE Il Allowable stress [10],[12]
I ) EE Stress-grade [10],12]

PSS AR )

Structural grades and related allowable properties

[10], [12]

SRR

Modulus of elasticity

[10], [12]

il BHEE AR AL

Modulus of elasticity in bending

[10], [12]

YR, o s

ek ,
Y TR Young's modulus SAHEEEC- b, (5], [12]
GIE UK S Tensile strength [12],[13]

AMF D555 D 50

Tensile strength of lumber

[12]

HES] 3 D

Tension parallel to grain

1 o 0.55 £[10], [12]

HES 3RV 5REE

Tensile strength parallel to grain

[10],[12]

e 18R O G Tension strength perpendicular to grain [13]
MERE G| 95 0 5REE Tensile strength parallel and perpendicular to grain | [13]
e A Compression parallel to grain [10], [12]
A I 7 e 2 Compressive strength parallel to grain [10], [12]
B AT Horizontal shear [107], [12]
S Shear [10], [12]
A WTIR Horizontal shear strength [10],[12]
AR shearing strength [10], [13]
R IRE long-time deformation limit [12]
WY IR L Ofef Repeated loads [13]
TR % Modulus of Rupture [13]
TR T Crushing strength [13]
HER TR < crushing strength parallel to grain [13]

74




Continued from Table A. Architectural design terminology for wood

Japanese English Note

rgeoRs Factor of safety [12]
SHER Softwood [10], [12]
JRBEFE Hardwood [10], [12]
Ly ) Lumber [10], [12]
& A Structural members [12]
FERM Timber [5]

Bk Plywood [13]

Y Laminated wood [13]
ARBNZ RS T S -8k 5 | Visually graded lumber [10], [12]
HE B The direction of the grain [22]

TV =T v N—

Green lumber

N2 L) AR
DI, [23]

IR AR Clear wood [10], [12]

IR SR O 5B FEAE Clear wood strength values [10],12]

A AR S INERBR AR D FE VE SR Al Clear wood strength value [10],[12]

R S DARKS D IR Clear wood properties [10],[12]

R L INRIR AR Clear wood specimens [12]

HER R/ NRBRIR & 2 RMEIE AL | Tests of small clear specimens and of full-sized

DT A B structural members [12]

FEERR P 3R Standard strength test [13]

YN Defect [12]

K s Defect [12]

i Knot Hh T 12522, [10]
i KR Knot ﬁﬁf REGZD, 10
ARHEAE A Slopes of grain [10], [12]

g D Edge knot [10], [12]

Bew i O Hi Narrow face knot [10], [12]

TRV 0D H Y D i Knot at edge of wide face [10], [12]

WO TE O knot on any face (101, [12]

kg Shakes (BAD) i, [22]
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Continued from Table A. Architectural design terminology for wood

Japanese English Note

R#fe L) O

Eilkg) Checks O, Eln,

H,[22]

kg End split [12]

Eli End check [12]

FIDORE & Size of shake or check [10], [12]

HRoY A X Check width [12]

HnoR Length of end split [10],[12]

D VAT Compression perpendicular grain [10],[12]

Y IA T Compression perpendicular to grain at 0.04 in.

(1mm Z T HE) (1 mm) deformation [10], [12]

DAL (FLFIREL) Compression perpendicular to grain for proportional limit stress [10], [12]
I Deformation [10], [12]
EEMREL A coefficient of variation [22]
AHE B D L fiber saturation point [12]
S Seasoning Effects [10],[12]
EES Moisture Content [10], [12]
BRBIZL HFRE Seasoning Adjustment [10], [12]
LI Deformation [10], [12]
AR Modification [10], [12]
FEELREL Adjustment factors [10], [12]
RIBEREL Reduction factor [10], [12]
far BRI DO FHEE Sy | Degradation factor [10], [12]
LR Safety factor [10], [12]
SR L Strength ratio [107], [12]
EARFEIZ K DI Seasoning adjustment [10],[12]
G Seasoning effects [10],[12]
KRR Moisture content [10],[12]
FAC BRI Environmental coefficient [51,[12]

76




5 4 EBE IR

L.7A - 7aXry®k), slEFHFHE, Jl&F%EE, FErHE 2010-102602, ABRZE 5 2011-231513.
2.4 - T ®R), sIE T, Gl S FUEE, FraFHiRE 2012-133492, ABHZE S 2013-256808.
3. ARG YRR, B I, e Bp e —, SRR, AR TORR, VRS, AR, B0, M hVEE, ARG - &l
F - EEHR O BB EIRT D TR & FEE OB 1#), sIEFHEn 0y Ialt—v
3 V), HARGEILYRES, 52,8(2017), 503.
4. FF R URELS, BF I IE, FEBP26—, @G, AT HRSOR, VRS, 2RRTE, IR, P PRIE, AR - S
F - FEEFRO BT 2 SR 2 FHENG | & FALE OB 2 W, IG5 | & 5 O EEfRAT &

EERRRREH, HARRG LaEE, 54,12 (2019), 843,

e

ARG s« REMERREHEYE - [AfF, L (2006), 149.

[®)

. BIBF O B AR, Rk 194 8 A 29 H EMKPEE SRS 1083 &,

~

CRERR  AM OMRERHEICEIT 288 EL LT, TOAMB~OMEM, BAKEFS, ARKEG
55,41 (1959), 118.

8. B D HAEMIHE AL 26 42 2 A 25 B EMOKER ERE 303 7.

9. A AROENEBENC I 1T 2 BTk LIRS, A ARG S RS, 75, 653 (2010), 1317.

10. FRS, WIRHERET, MEh T 71 o= A =7 X, KM OFFEEGR LIS, BH5E, (2015),

144.

oo

11 Pefigantd, MM, wEEW, EAFLE, FmHRAT KGR 7-EEO R FFREA RIS KO &
(ET RIS D FFE(Z D 3)AKE D XNETREE AN (i F-BEDREEMERE IC T T 5%8E, AARFH Y
TR T 2w SCER (2013), 77.

12. ASTM D245 — 06. 2019.

13. ASTM D2555 —17a. 2017.

14. A AR - RERERFCRERGHEEHE) - DL, FLE (2003), 155.

15. W. J. Kommers, U. S. Dept. FPL, No.1327 (1944) No.1327-A (1960).

16. 4 [LIEFE « #AARE) © AR ORI DHF9ECES 1 #), A 7558, 16,7 (1970), 319.

71



17. Zejg=etit, (L ECE T, DM, Vex REEFR - RO T VIR, AMFREE, 51,2(2005), 98-
103.

18. i AR, M2 AJE « [BlRE g J758 12 DOWN T, AR IFSE AT s 31(1963), 1-10.

19. BULEI, 2T, XU -XZak-<b AL {0 R UARICRT 5 AM O HEE G 1 #5158
M O EREIRE T8, AR 2EE, 30, 10(1984), 791-798.

20 lASHE - REMEIORETT, BAMEIYS, MOEEUER, 10,98 (1961), 24.

21, AR - NEREERFOURIERRGHEEH(Z) - FfERL, HL3% (2003), 369.

22. WSS, W - B U R AEMEMSEEERE V6, ARSthTr Y= AR FX, (2018).

23. v/ m— e VRPEEIRHRE R IRAE R B « v/ v — e VRPN HGEREF L — S 3/ —, AL

SR, (1996).
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B SE IS & F OISAIFRNT & ARBRPE O SREE R ES < SREERRAT

51 ¥

il

IHABE L SNDMERE, BANENDYS MEREE ) AOEER#ig, mrgcsn
NHEERLTHLONFEVHREINTEDHEIIE, MFERIChEY FEMEEIN TV, @#FEHEDH
TIBATHS FTREZRREHNG, AATHERE DIGRB L DR & BT, MRE OBITHRE A MEFF L, [/
SELIENTED([L 2,3, LaL, MESOHADIZREINDEIFRORT ME N OBRPICH D55,
WEOFHIEET DL ENTET, 207, FREPRIBT RSN TETCLE Y. BVAEE
PR— 32120, FHEEEUND Z LR L TEETLINERDH L. ZOBLEN LA TIE

20 EFORIEMNCM 2 %, BT 2 RT 2 FHNIS S FA~T0M%FE 2 BfE L 35,

EHOITEIL, FHREATLIIEF(RTEHRTL2LbH2)0, BANhEYIalb—vardd
HEm AR, ZhaAnT, RKEOAZERD 183%UNTY I a2l —ra VTX, LEELTE
BIT/NEL TEDHZ LARLTZ[8]. FEENaEIE, 5I& 3R LoMHICH X T, +arietts
AT2IEEMRTHILETHY, O LITHEREND 53 TROWHME OGS T EE S
Ths.

ZZTAIZETIE, K 51 IR T L T AT OREMGIE P24 s LT, FREBIRUERIC
YRR % SCRp i 8 2 ol AT S B 70 7B T, 4RIl LA F ek T IR AMEIS R 3 2 R4tk % F25E T
5. BHET, #E LOKIH & AE SN D FREBIRMN&EFDI OG5 & 724 C 2057 & A IRERIE

FEM f#tric K- T, RERHI 21T > 72.

Sliding door
S A

Handrail

Guide roller B

Mounting plate +——

Opening force
T @ C | F,(x,) i -

2000 mm

Rotation fulcrum A

¥4

724 mm

4
(a) Closing state of sliding door (b) Opening state of sliding door

Fig. 5-1 Structure of the sliding door
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52 RAEGERAVWEBIEFRRAOERAL Y Iz b—va v
52.1 5lEFIREOREE

B 5-1(b) g & O ICTFHEIGHS | & FEEE, 51 & 7, FEBIUTER, GHWFHE, £ oF b
HoREin—F—, A FL—/LTHEINTWD. X 5-1(@Ind 5l & F 2 CRET, T
ERFHE L Tokiez X723, 512 F 2T 28 & TR FRIZIT & R OREES R A 2l LT
FRH O —F —B A FL—/VAZ v FNEOEZ L7 ~B#T 5. 5lEFLH 58
XTI TR A R L— VN OEERZB, FH~BETS. X 5-1()25] X FoRETEE
R

522 BIEFBABADERAMLI I 2L —T gy
S2UTETEDID, ARENY ST, RIET X FHONOEE F, (x,) Z8E L. BECE
Bufit 4 B & [F)— @ S OKERR EICRE S, BEEZEHTE 56 RIcA AR En 2EEL, Sr0—
g 2 U BAANCEE L, MO ASRIZEE SO b % 15 mm/s DS TH -9k 2 HiEE AT,
53 IHIER R Z T, MPIRT VI a2 b—va VEITE, oo G0z vz B EI -5 <
LDOTHD. EBREIVELMAEREZODEVATES LR E T 5 &, FERIE & PEERIE O 5 K ME
IXZNEN 224 N & 195 N THY, 13%RUNT—ET L ENMHERTE. ZNHORRIL, EED

MIETHEL TV DEY THDH[8].

[ Target !N
20 19.6 N

Spring dynamometer Driving motor 13% (Compare —!
15 b experiment)

~ V=15 mm/s
mn V:

: ) |
| &‘M
(Door)

Simulation

10 |

--”

Opening force F, (x,) [NI]

.
Il .
! Experiment

m— \ a 0 { —— S :
0 50 100 150
Opening force F, (x,) X, [mm]
Fig. 5-2 How to measure sliding force F, (x ) Fig. 5-3 Sliding force F, (x,) obtained

theoretically and experimentally in Fig. 5-1
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5.3 Bl & FAMEROIRERT
ARFETIE, W 5-1 OF1 & FOARMERZEIC U TS @ B0 O L B8 eb~5. 45715

Bt BB ORERRGHI DWW TS, JIS BUK[9, 10ICHE L TIT-> Tk Y, FEMICITAln .

5.3.1 AR OBSMRAIMHE L ISR T ik

# 5-1 12 FEM fEHTIZ W T B 5| & Pt & e B ORI E 27~ 7. & 5-1 OGHRE R 7 #1X

S 15 mm O A 2 B4EE L, ZOXREEIZZES 2mm O XXM O AZ#HE L T RT7 2ERICHN G

N5, ZOERRTORERT 35S mm THY, BAERIES 2. G P77 ORI, SEEINTITEH
DIREEL BIe 2 ENTE D, P THRMICHER Lz TERO BAEMHUK[11]) OMERAEHR 1 #%,

HIE 15 mm #4 (C—C FEfkbf, AFH) IZHEZX 6N bDOEEMNT 505, BUSITFFRISTIE &y 5 R
ZR LTV D DB THREMGFHT G B R MMTREE, BRRGRE, JRITMED/RIN TRV, £2 T, Kia
LTI, 47T AU & ASTM B2 D83 5-1 IR T 5 & FAM OEBIHRE o, & BRI o, B X O
IR & Z o CTHEFMZIT . 22T, AROEMEREL, 24 R T, ISHEORVROMS

MELSEAT IR OMEI 28T 2. $£72, 4 ETHEROMR LRI OFMMEITEN L 2B LT LT
. MEHMELREL B X, ARO B ARBMBUSINCESWCEIHTS. AT Y Utbvid, 77 EROK

B OfEZ V5 [15~18]. 7235, AFMO(LBRIE, FREMFHIMZ 720,

TSRS & LC, BEFR 0BG R b @ EARE S D FREBRRASEOFEICERT 5. B 54
(ZRENTIZ D 2 BUA A 228 R ICHEE SN T VAR T . Bt R ORI RHIZIE, Z 2D E
M3 5. Tbb, OBEEMRL M X 2DHKE71(E 5-4(b)) & QIRFINE T2 X ETH 5. ORFE
HANL ORI INE—EWETH Y, QXFHMEIILBHAT THLOT, b EBE L2 mEFmA
WETHDH. STR[19]1L Y, FEEORAMEIE, 500N & REL 6, ZZ2TXZoEfHv5. 2o
KFHMAE 500N 1, BRRROBELIELDOTHS.

X 5-4b)DIIRIL, JTISA1541-1[9]DAEL K7 /N> RADRL SEAHZHAWD D EBEIZL TN 5.
X 5-4b)DSE TR, BRET v T EBNCHA XT 7 LISHERRTH D, 2, R MELE

YO A XTI M6 &L, BAREZ 2080 4 K LTWA, &EANRIZ, RT7T~OBRFHLED
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A= 2R ERELZEFT L C, FHFEICTDH. ZZTHWZABEOME L, JISA1541-1[9]1F L O
JISA1S13[10)ICHLE S A7 5B S BT 0 iR S FRIBR O E R EL 72 LT\ D, %I4T 5 K 5 12(5.4.1,
543 f), FHEBHEHOr—F—kORL— L, BfTEEICOWTIE, FERICK Y BEEN 2 & 2R
LTW5.

@R ARV N TCRHEET DB, Av b BEMTHRIETT ISR 2 B E T ORI 5 EMEIS 153, AR
MOBRIRS O 13(LZEFEI)DMEE 725 X 518, Hv hokEf )% 350 NIZRRE L7-.

ERORZEMEEZHERET D7D, AR EZH0IZ 200 mm*x300 mmx35 mm O ARy % ffpT o5 &

L, EDIZHFEEFIH L CED 12 2T ET L &3 5(K 5-4(c)). BT VEEROEFEEIL 6.2x104 TH
%. fEHT=— RIZiEie> ANSYS WORKBENCH16.2 2] U, stk 2 5 8 U 7= AT 217
. EITICHENL o T, B S EEAD RT OUOT Hah il & Bl T —I I VRIET S, EOFEMIT

542 fiB XN 543 HiTihRD. WEIZLY, OFTHIEENKE Do T-EEITER L TLL NI /5 R

ZRY.
Table 5-1 Plywood material properties estimated from AlJ and ASTM used for FEM analysis
Plywood for door
Items
ASTM All
Elastic modulus E 3.5 GPa
Poisson’s ratio v 0.4
Bending 0 21.6 MPa
Ultimate strength O Tension O 11.9 MPa
provided by AIJ* c
Compression Oy 8.7 MPa
Yield strength & Bending 0, 17.2MPa 14.2MPa*
B
=0, Xa, Tension 0, 9.5 MPa 7.8 MPa*
(e, in Table 1) Compression 0 16 7.6MPa 5.8 MPa*
Fatigue limit O = X,
¢ v Ty 2.5MPa* 3.4MPa
(a_, in Table 1)

*Bold number denotes the values recommended by the authors
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Strain gauge (back) EF (front) aback) .(:.'-\"_\"\..

front XE;CI{ B DR
Mounting\_
plate \ = .

167.7

Strain gauge
(front)

Wood body of door
E'F (front)
Bolt clamping force: 350 N/bolt
(a) Sectional view (b) Mounting plate clamped (c¢) Door with mounting plate
for mounting plate by bolts subjected to human weight

Fig. 5-4 FEM analysis model for mounting plate and door (Unit: mm)

532 HRARIGAITHT 5B

BAONS, BKRIGHCE > TAL S —RBIEZEE L TELET 5. B’ 5-5 [T bIEEOEBRMEMN &R
v N B AE BB O R 7RI O FEM fRHTE RIS <Y 2777 B 5-5(a)iE, B 5-4(b), (c)ic
AT KO ITHUT R Z ARV R CHiRE Lo, SCRFTE 500 N Z/FEH S W72 R 7 OEH OS] 5340 %

REPNOSEZHL THRIZBDTHD.

max

O, =4.28 MPa

Opq =4.28MPa E (back 0.28 MPa

0.47 MPa E (back)
0.95 MPa
1.43 MPa
1.90 MPa
2.38 MPa
2.85 MPa
3.33 MPa

3.80 MPa
E' (back) 4.28MPa Bolt hole

(a) Stress distribution (b) Position of maximum stress
Fig. 5-5 Equivalent stress under the action of bolt clamping and human weight S00N
on the back side in Fig.5- 4
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X 5-5 (a), (MITRT LI, HKRAAYIEINTIHRN MLUEZOR DICA LS. 2070, X 5-61%, fLHA
%D R D ZE AU L7 DR 5-5(b)ICih > THE L DI A% R LT\, 2 2 TlE, MM 05T #
EFHHICHWS Z N TEDLEIE N o,, o,, o,=0. %mT. K S5-6(@II7rT AR/ MEfHREBIZE T S
SIS, SCRHAE S00N 23025 Z &2 K - T S5-6(b)I2Z kT 5. B 5-6(b)IZI T, FHRIEM IS
X BRI MLUEBIZAET S 0,=-395 MPa Th 5. — 7, FKBIETIEIL o, =085 MPa TH 5.
BeRJERMIG 7146 KO KRB RIS IR D ITHER 5.

#520%, £, FUELORKBIEIRT o,=085MPa, #HKJEMEST o,=-3.95MPalZ{EH LT, i
BVE 5-1 DFEMRIRIRE o), JEMEFRRIRS of 1kt L CEDRERETHINERER =0, /0, &

Gk =0 /ol TEHLTELDELDTHS. £ 52 L0, BIEISH ol 123531 BRI S

max

o DEbeF ol /ol = 91 THRRBENEAT B, EMIEH of, (68T B IERRIRRES o 02k

/ol =
Hlx oy /0y, = 14 THRMBRIMES OREFE LIS TRENNS NI ENBESND. LiL, KR
IR AL T AR OIS HEPMICIRES TR Y, WESKICE SO TIHREN. 612, JEfR
o IZH L TOLRERIT oS /o€, = (8.7MPa/3.95MPa) =22 TH VY + 3 LETHL. ZDOZ LxBEz,
AV MLUERL O R TEDIREZRE LT, SA4HTERIICHHERT .

X 5-7 1%, BUHEEEROBEOAREMEIZIER LTWA. 22T, R7HEMmIZA U LIS T104 % R
LTW5. X 5-7(b)0IRT AV MEHIRREIZIS 1T DI 01%, KRFE 500 N 230 X 5-7(e)laZ b
% ¥ 570002, A LA OEF, mF ORIV MEEDAHTITFE O IE S I EMEIS J103 4 ©

TW5%. 5-7NCRT R DT, BRI RHE 500 N 235 &, & F OEMG T o, = -0.25
MPa 725 o= -0.76 MPa [ZHi KT 5. F74i E(back)iiHICH ARG IRIE S 0,= 095 MPa AL D, 2D

FERICHES X, K S5S-4ONIRTRRIGDNDE L S5 & P Hm4a HIEA A E (Back) &, Rl TR INAE
U %4 BEHS E T (front) 2B 5. BARMIZIE, 5 E F(front), s E(back)D4: Efx/>5 2 mm B 7-
F(X 5-71@)Z)ICOT A=V ERED (i 7. Z L CHEHTEOME LICHE Y OTHOEE b0

QIRTE=HXY 7T D. ZORE SATHTIRRS.
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Principal stress o[ MPa ]

‘©
o
=
b
(72
(2]
g
]
©
o
o
£
S
o
0 5 10 15 20 25 30
Distance along the path DF X [ mm ] Distance along the path DF X [ mm ]
(a) Stress distribution (b) Position of maximum stress

Fig. 5-6 Principal stress distributions along path DF (Back side)

Table 5-2 Maximum stress, strength and safety factor at point D in Fig. 5-5(b)

Maximum stress in Figure 6(b) Yield strength in Table 1 Safety factor
Maximum tensile stress . r T
o, =7.8Mpa (All) G,/ O =9.1

o). =0.85MPa

Maximum compressive stress

C C
O, =58MPa (Al o,/ Ch =14
ol =.395MPa y a (AL) )
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Strain gauge (back)

Strain gauge (front) —7® N

Ler=39.3 mm Lgr '=165.2 mm
(a) Path EFF'E’ along the mounting plate edge

05 L 05 |

05 L z

Stress along the path o [MPa]
[—]
Il
/]
h
]
M~
1
1
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(b) Stress due to bolt clamping (c) Stress due to bolt clamping and human weight

Fig. 5-7 Stress distributions along path EFF'E' on the back side in Fig. 5-4(c)
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Table 5-3  Average stress o, and stress amplitude o, along the mounting plate edge in Fig. 5-7(a)

Position Stress component O, [MPa] O, [MPa] (lgfofrer:yFti‘Z?;(-)g)
D in Fig. 6(a), (b) ol 0.54 0.32 5.1
E in Fig. 7(b), (c) oy -0.28 0.34 10.0
F in Fig. 7(b), (c) o: -0.49 0.26 245
F'in Fig. 7(b), (c) o: -0.15 0.1 48.2
E'in Fig. 7(b), (c) oy 0.50 0.45 4.4

7 [ I T T
Mounting plate
E

o ,,=2.5MPa

SF=0S/OE'= 4.4

~
o0
§ Stress amplitude O, [MPal

T
»

q
I

Stress amplitude O, [MPal
w

F' Average stress O, [MPal]
Averagestress O,, [MPal

Fig. 5-8 Endurance limit diagram
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(a) Air cylinder (b) Air circuit diagram

Fig. 5-9 Fatigue experimental equipment
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Fig. 5-10 Strain versus roading cycle
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Fig. 5-11 Measuring strain after repeated loading
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