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1. # L.}

IEF 7 v— aDWEIE, BECKWL 20 ThbRTWS, ThbD&ELE, 77— VE
BREFFELAY, BATLREALKELTHELELOTHS, AxiE, HRLY L, #
AME Y TFERT £y P THB LSRR T 7 v— 20RBL2 T 1o, TORKR, KEH®
HETAWES — 2 VEBEHBEC I A bABELEMERL K LT3, T, HPLE
By vAR Tty P TES L7 v — 2 DRBEY T\, BET — 2 vOBRNBR LK
LT3, TO#R, 7 vBERKTOFEYRAVAZ LR, XEA{EPRM L, LisL,
FIREA L LC, BEWOLAIENE, FHEORIBRVEDT W5, ARORRIE, EHLY,
DziuBa B9 I L > T fTebhTE Y, TOWThIN, BET — 2 VBN EOZ KL R
LT\w5, ¥, EckELMAND 3, Zh#¥digs LT, BOMNBOEEBYHELL,

L, EBEO7 v— 2%, FRIFOBEARE Lo, O TEMLBILET HEERT
BB, Lk, BEferty PETHBLT, AEACEVIORTHE 77— vEE
BRI X -C, RAMLEL2B LI TES, Lrl, FEREORBMNEFREWT, BiIC
FHEA VET, fRTHI LR LCEL ORI LIhD, B, SHTR, BREIHT
REBELRD IO THh, BEROLAIEREC OV TERCARRF TS L
feoTWnb, 32C, AR CER LT, ZOXAIEROWTORBREL AR TE
79, TBE, ThbORBRRESNT, 2KkT, SKTEBERITLTRbhTW3DY, Lk
L, Zhbix, ELLTRREAWRLOTHSD, KiESIZ, AHRACEIAVGHR,
B D2 ET s HHFE R, MBEAEAVIBANE L, Lrl, MEACRT 5ERE
B oWt CeBER i, 22T BH), F1HY SICH2HD KT, WEs
DRME IRIM:, B OWTHRE Lz, ABMTIE, 2KRTOMT 7 v—22EHL, A,
it RS L OETOR E LHERBRET Y, BRI v BLhERRS IUHEFED
&R OTHERE A T/,

ARERTROICHIY, HHELYWREWRRE BitBERF4¥EE B, Bhx
Wi W UHE FHERF S EE, LHBEREE, LOORERCH I EhLBRAE KX
L, BEHOBEET S,

2. BB #

ERLICHEN, BE=Y<Y, #5<Y, IX75038ETHS, ERHEL F-1
Rt a8, X751, WE1S5x4emDF 3 & 2KHEBEE Licbov AV, F0K
BEEFI, RREBEEH CHEEAER, --wv4 FS-120, BLHE LTHELT vE=
v a, BEE1Z ZHEN 2ERA L,
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Table 1. Basic properties of the specimens

Shear Max. Max. | Max. Av.

. A ? ? .~ |Moisture| .
Width|Depth| MOE crushing| tensile [shearing 1 |Specific ring
Species b h E motgxlus strength |strengthlstrength <5 gravity con;ent Wlitdth
ge a: T r w
(cm) | (em) ((t/cm?)| (t/cm?) |(kg/cm?)|(kg/cm?) (kg/cm?){(x10-3) (%) | (mm)
Ezomatsu 300 | 402 | 108 41 378 1098 67 6.56 0.46 146 25

Karamatsu| 301 | 402 | 104 46 475 870 103 8.25 0.54 141 3.6
Mizunara 302 | 401 | 120 58 560 1360 134 8.95 0.71 128 11

*1 EAieAmiEE MOR/MOE.

3. H B %

31 EABMER

WERE K-1c, REER F-2RT.

BEawiz, BUREHVE, BHY e\ ¢, Wiz, MIBRAEVWED, Fioews
BUHRRIMIEL, MR, w056 BETRHNI—ELhb Lilbhat, *
Dz, AR TIL, BT OMESE, Mev3em, BHZOL DX 4em & L, HIEE, 77,
BHEDL 2cm, MEILABC, WRVLO45HcS33cm & Lz, ¥z, MILOBEXIZ
356ecm & L, BRI HLRPR L

WEREEIX +050mm LT & Lichs, iRERCHHES SN CRIALOARDEEh24 T
Dby, ARETCOAFHEE TR NITELI TH o 12, REBCEEYE TS LT
B5,

BARoBEARC, HRY = VERESH (= =8, #v F CHI1000) f#EH L,

a) b)
33
20, B L e _:M -
------ S Hod
9{ ; I \|T¢ IR
k5

-

30
30

L

40 40
B-1 # ® R
a) @ M by # M
Fig. 1. Configurations of the mortise and tenon.
a) Front leg  b)!"Back post
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Table 2. Fitness of the mortise and tenon joint*
Front leg Back post
Specimens Width b Depth & Width & Depth %
(cm) (cm) (cm) (cm)
Ezomatsu +0.031 +0.016 +0.023 +0.017
Karamatsu —0.008 +0,010 —0.035 +0.001
Mizunara —0.016 +0.023 +0.019 +0010 -
* R =N ) — AL R)
Fitness=(tenon dimension)—(mortise dimension).
3.2 HRGLRESURRA® T he69)
RBRATRY B2 R, KHRTI, :
RREOZRY, &4 P EAVTE VgL T
Lie, i s
Rl ABRTIL, B-2 0 X 51 6 A THR 6 |
BRE L, W52, @ AT 1/100 mm §E, @ T _________ m B A
fbd 5 513 1/1000 mm EEDOF L AL ¥ — ¥ ° i } o
AWk -T, RBME, RRERY | | i ‘ 1
TSU1000S 7¥ 2 1 } TH %, = _‘i | [
BORBRTE, MERReACEcEE | |2 | B
REEL, KOARHELR, Z0%, B 7S o L
B, WEMELNE L, B8 LIy~ i
i3, @, @ AT 1/100 mm $HE, Mo 4503 | 0 T w

300
B2 RREHRS XOCRBRTE

Fig. 2. Configuration of the test frames and
testing method.

1/1000 mm ¥EEDF O 2 A ¥~ ThH B, %
to, RBEII= V<Y, »IF~<YC, AR
BTHAWEFCALMTH D, I X+5T
3, BRBRENA L VE2 + vABRRBRBYFER L, WEEED, BE HHIRBRE D
1mm/53CH 5,

WEHER, AE, BHRRED N2 REhTnb X5, BRBHORRE E
b EYML L, RBRAKIZ, RBERRT Lo, ==y 94k, 5= 164, 3
R+ THhOFRETH-Tc, HARBRKIL, HBERREZTL-1b0D5bhb, =V=
Y5k, h5=Y, I AXFFHAGOEH 13 hEHELT,

IXFTERRE, =Y, W52V BLERER2ZE IS GOFTHEELEY, BEL
HERBRYThok, AR, OME200kg ¥ CI0MEALIT20ERYEL, @ TE 400ke
FTI0EBEYEL, OME200kg ¥ T5MEE 400kg ¥ TH5EDEH L0EHEYEL, @400kg
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FTI00EEDEL, XU ®200kg ¥ T5ME, 400kg ¥ T5[6, 600kg ¥ ¢5[E, 750kg
FCLIEDH 16 B HE LD, 5BHEDOFETTR T,

it AR B L-RBGOFBBER S X v, MiTARE, 7 e v 7 WEREBRE, REEMRR
Bk, REIBRAREBIVCRUIARBRGLZEHL, FRRLTRV, ThEZhdbRXILAMH
RE, HMES, REMBS, MIERS S JUHRBEREEEI,

4. #H & =R

41 REHNEX
4.1.1 BMEZHREE
BEERIEHRCTHHETHE (Tiebd, CVBEAEAREVDLO), /, EHicX-T
XHINCBMIBREEZL D LN TED, 22T, O ROEMS(em) ¥, @ ATOIER
ERALY,

- L, 3
"I“Plz(mEIJ’sthl) (1)

¥i:, @ ROERL O (cm) ik, KALDRES,

_ PP 6Eh? '
0= gRET (H 5012) | (2)
R
I= 12

ZT, P:HE kg), I: A-2v (em), E: v v 7HE (kg/em?), I: BiE2KE—2 v}
(cm¥), G: BYWIMMEMRE (kg/ecm?), h: HEys (cm), b: HiE (cm) TH%,
412 WMESEE
EASBMEPRBESLEETDLE, T2 VBEBNFELYBAVWEZ ENTES,
@ ADEAEMALY, |

_ PB
9 = 40ET | (3)
Fl, ZOK, 2-F—, Thbb®, @ ROEMIILALERVDT,
O g=8=0 (4)
7 V=&, MEACOWTEERHRD T,
. 3PP
% = % = B4ET -

2bIT,

_ 11PP [, 57 E[hY
% = 960ET {1+75’?<T)} (6)
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TZT, o, 85, o, 8, 8, 0 ThZThBFEDHMTOHEER (cm) TH D,
4.1.3 FMBEARE

FRAGFESCERNT I AECHT AR 2 (rad/kg-cm) KRAEL L, ER) 0T — %
b, zEERD,

z=0W’, (7)

T, 0 BAREERA (rad), M : #iFe—x vt (kgecm),

K, 73— VBETBECI-THALhBEML, EANEEARC X YELCSANEMLE
EhE&b®s, 22T, WMHGOMES LEHROMES LB TS L, WHEO z EDHH
Kélen, £, HEM @ KT, BHNO BB IS, £5X5,

Ry (8)
0 =zM

_ 3Pl
M=

ZZT, 8 FRBEEHFTO @ ROEH (cm),

ks, B#Y TR, AMECHCLRBRCEVD DI, I XF 7k 2oWT LARBRT
o TWREWOT, FHEE, I XF7R2IPVTORTRoT, ¥, =V=Y, #F3<YRD
W, KR LD = ERUE L, |

2= 37 (9)

6 = tan™! {—%— (obs54_cs.15,4)}

_ 3Pl
M=-"75

T T, ovsdi: @ R TORMEL (cm), eardi: 7 — 2 VEEF
HrervfBbhs @ HOFHEEM (cm) TH S,

¥, B3Rt XK, BROFRAER X 5 EEEAH 6.\ e
6L, BbThDlhdb EDALAEFELY, LRET S L&,
® K COFEEN 8 (cm) i2,

5, =08,—Iltan 0 (10) . &

CXvEbhs, ki, ZZTHWREE, 8, OXTHW
LOTH 5B,

B3 FrlEnGs
Fig. 3. Diagram showing
a semi-rigid joint.
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42 WAHRKR

AM7 v—rofng, BTHES, NN, EEFORRBICL YERZIH, BETRE
b, BERCIVERD, FIT, RKOX53&HYRELT, EAMNEORERX Tt
ko ok, Tk, EEEMTE— 2 v METRDI,

421 FUARMHR

WELATOMMM T M (kg-cm) 12, ®HRBRE, FRELEL EShiclFRBREGEDO
BHAR I VB OMARKEAMEE co VT, KRXDEHLE,

e EbR?
M, = Sl

(11)
BLBWES L LT, MOFBROM S M, (kg-cm) eonTELD &,
M, = % B R20,(3 24— 12) 12)
2r
4= TriE
¢ =A(r+1)

J¢
G

=

2T, b MR (em), A R (em), oo MHOREMBME (kg/cm?), o,: W ORETIE
B (kg/em?) THB, T THVR G o, TRENMDRBEOFBEER X ) BB %
ER L, REM, MIIRZBRETR-THLIOTHS,

Kz, EEBOLRENSHBEMNIARE S, LEXIBE, TIMOSHENKO et al® i k »TH
Bxhic, EUHEEORA L 272RDBREXIEA LT, RALEBT,

M, = skl'h? ’ (13)
192 i 1
{1—- s n=1,23_1.’5’"_ F tanh (nt)}
T
7 n-13s,. n?cosh (nt)

7
=3

—md

T2

2T, My: BECLAWMBHE L2 (kgeem), s: BEBOYK QHBWOBE, s=2), 7:
£X (cm), 7: HHOWEHE kg/cm?), s, T THWRIE, HHOUKBI LAV
2, L, HEoONERINBEEBOLR X D%ofb\é%%&i, BERBONKBILMES
ETHAS,
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4.2.2 EAWHORE
EAREYYHALE LT, BALHMIBREIRR LEBEE, HEATORKMT2—2 v
b Mpkgeem) 12, AR X VBLh B,

M, = Lol 14)

4

ik, Pmax . ﬁﬁﬁi (kg)o
R, BEBEREELTE5— 2 vEBBEDOE— A Vv IRHRLIY, BEATRTORKMTE

=2 vt Mc(kgecm) B XIUOHERTORKHETE— 2 v b Malkg-cm) 13, ZThEREKKT
Bohxs,

M, = ol -
My, = Paesd (16)

5. BRKBIUER

5.1 MIERMRER
5.1.1 HpXHRRE
RIERARBRE £-31c, T, BMIXFRREDOHAELRY 4T T,

-3 HAHERBRER
Table 3. Results of the stiffness test

. oF 0. o
Specimens 1 2 (; 10-%cm /kg6)4 % %
Ezomatsu —379 '3 53 a4 —16 17
Karamatsu —421 10 57 406 -1 M
Mizunara —329 25 87 361 -2 42

* ORUEL. RFINEROER)

Deformation observed. (Subscript shows the position where the deformation was

observed).

¥4 FAGESERE (BMEZHREE)

Table 4. Calculated deformations (On the assumption of
a simple beam)
938 Egl el /obs

Specimens o1 A o1 04 5 5

(X10-5 cm) (Xx10-5 cm) 1 4
Ezomatsu 38 47 133 50 3.50 1.06
Karamatsu 42 41 132 49 3.14 1.20
Mizunara 33 36 112 42 3.39 117

¥ EREIEfr. Deformation observed.
*2 FHEBA. Deformation calculated.
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T, @ ROEM, REMELHEEAKE LEbole, Thid, BREBHITEW
CHRLTWAEVWORNL, BAREFLLhIIRESIhTW B ERELRIDTH S, BE
i, B, BAROEEGEEHREZHE L TCWE1®, TAEMMIINEL D, L, i
hEH EBROMEIIIE, 3R EHVDZELKD, O EORMUEMITDILLhoTcbDéEL
bha, i, @ KOBMIZ, FHHEBENRENEL HRPKESLolz, Thd, BERHTOH
RKE—AVICXBHDTHSB,

5.2 WEASRE

AIEAD7 v— 22 RELCGHELAENECA LT, EHEMREOBEHM Ly
RLEDNRESTHD, 2T, ®, ® R, iltEBENROTHAHOTHR VA, ¥, @,
BOBEMDEBCHP THHDT, AR TIIEBEL T,

x5 EAHASR RMESED
Table 5. Calculated deformations (On the assumption of rigid joint)

Jobs Oenl Ocal/Bobs

Specimens 51 53 54 53 5{ 5;{; 5£ Jé 51 53 (74 55
(X10-5cm/kg X10-5cm/kg

Ezomatsu 38 5 47 2 38 7 37 7 1.00 | 140 | 0.79 | 350

Karamatsu 42 6 41 3 39 7 35 7 093 | 117 | 085 | 233

Mizunara 33 9 36 4 35 7 29 7 106 | 078 | 081 | 175

@ BROWTHhL &, BMYBRREREOH X D EMEIIKIECRE, EAMEL E—KL
tcCnu,%Wﬁ#%ﬁ%f,iﬁfO%—xyrﬁovbb@mﬁL,mﬁéﬁﬂqu
MEe— 4 VIRFHEIhEINOTHD, FBEO7 V— 1Tk, BATBEMETHD, XA
BT L BEMRENECHBRINRT, BR, O KTORNEMLEHEBTER—FKL
TERBRETHHI,

@ AT, FHEMEIENED 80% Mk THoe. Thik, BAROEAER X 3EHEE
B lcledThH B, DD b, FRIHES TR, BT, BHOD AL, 5
REMEAEL, WEADXST, NEDFEEHTIOTIRRL, LR E-830 X5 cEE
BEERFMIh T3, EE2BHEIVE5EBRPbh3,

5.1.3 RERBESRE

IXFSEDVCITIR >R X b, YRIBCRTIEEALRD, WERTOEME
L, AIBEAEEOEMCAMLI=ONE6D 8 Ths, TRV 2EL, BHcERL
B UIWOMEE LT, 347x10%rad/kg-cm TH 5, FABER?D (ORC X zfEHEXRD
5, 207x10¢rad/kg-cm &7c Y, TOLBFBEMERBCEAEL Y RERoT, =V =Y,
BT =IRDOVTIE, zHEERHCBTWRVWDOT, EHROBEIL ORI WV UBE TS
&, == 296x%x10"%rad/kg-cm, #» 5= 1.78x10 % rad/kg-cm &L ix Tz, THHDED
HRHBATE LI Toinnd, ERHCESHARERY 7 v — 2 BBRICHTES T
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BH, LR, Thbofliz, MRS AN OBRGRORNEENOHERELYE LT,
B, 7Vv-2BEBEMLRFEL I VBOhLEMLZERGbELITOEMUMETH S, &
WIZ LB TRETHA S,

Fiz, B-3REINTW3, BATONMEEEMNAN LELhozhL EDAOLH
HLWERELTC, EEzEXAVWTAORID QKR TOEMEFTELLELY ZO6RRL
feo ERO X 5 CElEAEAET, BRCRAMEL -HL T EEL, EodRAc vk
TR L, FERED 0.36~064 Ligotz, Lichio TERD X S iwRDI 2z EHOBRHBEIL
BEIRBZELCID,

%6 THHEER CERMERTE)

Table 6. Calculated deformations (On the assumption
of semi-rigid joint)

Jobs Ocal Ocal/Oobs
Specimens 0y 04 . &1 34 o 04
(x10~-5 cm/kg) (X10-5 cm/kg)
Ezomatsu 38 47 19 — 0.50 —
Karamatsu 42 41 27 — 0.64 —
Mizunara 33 36 12 41 0.36 114

ChbDCELD, EROHETRDIEHD 2 Hc X ) HEA TR LOF L hoZk
EFHT B, SHOCREEBRABETS S, MO L 5K, BEDHERENDRDIHEOA
RBREADESEN L I C L bV AIBRD L 51, = EEMBRE X BT 50T,
= b AR RHRORR b £ = BETH S,
5.2 BAMMER

i RBES R 3 L ORH AR R Y BT R,

METF7 L — DR D EETBETE, BAREHDLBHE DTS5, BAWEIL,
EAEMR, MTE BHOERHEC I VEAShS, ¥, BHEIL ERHNOHE
BIOTECEETS, £2T, ZRTE, Thfhie oW TOHEMEE EREE O LT

T WOTRABRER
Table 7. Results of the strength test

P P*z Mobﬂ Mé"{'l Mobs- Mcal
Specimens P meX' M. Mm Mp | My M, M, | Mp/My|Mn/My| Mc/M, | Mo/M,
(kg) | (ke) kg+cm) kg+cm)

Ezomatsu 278 | 627 | 1411 | 3292 | 4703 | 5826 | 2225 | 611 | 081 0567 0.63 231
Karamatsu| 367 | 753 | 1694 | 3957 | 5648 | 7494 | 2215 | 941 | 0.75 0.53 0.76 2.09
Mizunara 578 | 1356 | 3051 | 7119 (10170 | 9100 | 3059 | 1213 | 1.12 0.78 1.00 2.52

* WHMHE  Load at proportional limit,

*2 B KM E  Maximum load,

*BORBERAHT e~ A b Observed maximum bending moment,
O HERK#EITE- AV Calculated maximum bending moment.



ARADCHET s EROTR  (HH-TR) ™

v, BEERCSWIDERY TR -1,

BEAEENN, WEATOBMED L VIIWEES, BEZ, BASOBEREE M,
MALOBEOBINLELS, LFEIhS, Lal, FORRKSE, HE, WHERcX o
MEHEBCE Y, NEATHIRELLD, BASTEO: IRET2BASNS D,
ZRECHEERRERIED > T b, AR THVWEMRTED O TR, BHR), FLUOFE2HY
DRI Y, WOTBROMIRFTESTTH D, MOPTREIIMAMBCHEELE L ThAH
5, EHBIhI,

52 VEBEHEC X AHEATORKET 2 — 2 v L BHBRIPEBE LSS, =7
=y, BTV CIL, BHBIOWY OWETHE LR,  XF+ 7 TR 8% Th- i,
ik, BEBORKIAZ XVBORBMAL, 74 VEEHETALRIBEABOME
BB LSS, IR HBOESES TH ), BED 0% UTFOETh-%, O L
MESTCHT 2l € — 2 v P OED, TLEREA TRWEDRBCREI LI XD
LOLELBRE, -

BRI, $ X7 TR, BABTETOO I R4 Ukntb, BROCIHEAT
MIHE LT, ¥, =V<y, #7<YiE, BERCHHSADECHhEEL, *0EE
BELIL0L, AoECEREE Uens BN BIREE Lizbond ok, 015,
SHEL b—RBEBRIBEEBTE UL, BIBRIZOREOHG-L O TR, TOBATE
MBI A, MARESh, BROCIEHIEFRET S ¥ THESH Licocst
L, BOHBOLOTE, BEBNEMELCEET, WECREYE UL, LB20h5, ©

8 BRIEBELHERRECEBMES IOCHEHE
Table 8. Basic properties of the specimens and the method
for the repeated loading test

Seeci Width 5 | Depthh | MOE E poading schedue
pecimens *2
’ _(em) (cm) (t/cm?) (kg) n
Ezomatsu E-1 4 3.00 401 110 200 10

E-2 3.00 402 82 400 10

Karamatsu K-1 301 401 103 200 20
K-2 301 402 110 400 10
K-3 3.02 401 88 200 5
400 5
K4 3,01 402 122 400 100
K-5 3.02 4.02 126 200 5
: o o 400 5
600
750 1
K-6 3,01 4.02 113 400 10

*1 REATE. Applied load,
*2 33038 LEIXK. Number of times of applied repeated load.
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hobnz ki, BABOEBEHBEN2Tebitintd, SHRORETHB, £
E, B Lot BERAOEERICLID, WEDSRTHITHN, #I0HEBED
FHLTELT AR, WIEOHMNCE 2 5B EEHE<D S5 OREERIBETD 5,
5.3 #0EL MR

@0 LUHTERARCHE LERREOERAE, WEF LY H8, @ ATONE—b
Ziy B-4()~E-40) 7T, K-8LAORBEORRNEIERLABNEUTTS
D, MELIbAIBERALTHWS, ¥, x4 70AWHEL, BEIHToRT
BREABMIPEL feote, EL, BEELME, RBEEEENEVOT, ARRTHE - R
BAEIREYTH B, EROBVELHERRCORE CHLMIELTH Y, COKE
M, EEAHRE, BEGET D LTRSS, SIER0E LTERRIES cEELR
EThHR bbb T, LORERIERCHELD, SBOREIHESNS,

6. ¥ K

AMPIEFEELACLORTWAREAEAWT, 2KRTHTF7 v - 22 FERL, R,
HORBRB IO DVELHERRY T o, FRALCEEL (X775, 25~V EIV=
V= v D 3RET, MY, BAEMHOBES B CRE S 33cm, MIE2cm, ¥V 3em
DREAE LY, BALEHOBATIE, MES, WEXIHOMEATET Reuvs
dem O LFWZ AV, ZOBRIKDO LS TEBHINhS,

IR DR R,

1) BMBREOEMY, ENELLAST, BLhBS0RHEHES (DA b0
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Summary

Many studies on some kinds of joints of furniture or the frame have been carried out,
recently. Some studies of chair frame analysis were carried out on the assumption in which
the joint was rigid. It is practically supposed to be semi-rigid.

In previous studies (refs. 9, 10 and 11), the stiffness and strength of the mortise and tenon
joint to be used for the chair frame were investigated. In this study, the test on the mechani-
cal performances of the chair frames which had two kinds of mortise and tenon joints was
carried out. The configurations of the mortise and tenon used, the figure of the test specimens
and the testing method are shown in Figs. 1 and 2. Materials were Ezomatsu (Picea jezoensis),
Karamatsu (Larix kaempferi) and Mizunara (Quercus mongolica var. grosseserrata).

The test was carried out to observe the deflections at six points (from Points 1 to 6
shown in Fig. 2), the load at proportional limit and the maximum load. The test results of
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the stiffness and strength are shown in Tables 3 and 6, respectively.

In this paper, two kinds of conditions, the rail was a simple beam and the joints were
rigid, were assumed. In the condition of a simple beam, the deflections at Points 1 and 4
were obtained by the following expressions ;
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where 0, : calculated deflection at Point 1 (cm), d,: calculated deflection at Point 4 (cm), P: load
(kg), I: length of the rail member (cm), E: Young’s modulus (kg/cm?), &: width of the member
(cm), h: depth of the member (cm), G': shear modulus (kg/cm?).

In the condition of the rigid frame, the deflections at Points 1 to 6 were obtained by the
following expressions ;
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where 8’ : calculated deflection when it was assumed that the joints were rigid (cm). (Subscripts
show the position where the deflections were observed.) The calculated values by these
expressions are given in Tables 4 and 5.

If the Joints are semi-rigid, the approximated value of the deflection at Point 4 is
calculated by the following expressions ;

54=5{+—é—tan0 (8)
0 =zM

3P!
M= 40

where 6,: calculated deflection at Point 4 when joints were assumed to be semi-rigid (cm), 2:
joint factor which was obtained from the results of the previuos paper (ref. 9) (rad./kgecm).

If 6,=6; in Fig. 3, then #;=0. The calculated deflection at Point 1 §, when joints are
assumed to be semi-rigid, is expressed as follows ;

8 = 0,—ltan@ (10)
The estimation of these calculated results is shown in Table 5.

The prediction of the frame strength was made based on the assumptions of three cases.
Those are: the rail member is ruptured at the loading point by the bending moment, the
root of the tenon is fractured by the bending moment, and the adhesive layer is destroyed
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by the shear force. From these assumptions, the following expressions were developed ;
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where M, : calculated maximum bending moment for the member (kgecm), e : MOR/MOE,
M;: calculated maximum bending moment at the root of the tenon (kgecm), & : tenon width
(cm), A’: tenon depth (cm), o,: maximum crushing strength (kg/cm?), o¢;: maximum tensile
strength (kg/cm?), M, : calculated maximum torque obtained from ref. 12 (kg+cm), s: the number
of the adhesive layer, !’: tenon length (cm), z: maximum shearing strength (in this case, the
value for the member was used.) (kg/cm?).

Observed moments which were compared with calculated values were obtained from the
following expressions ;

M, = Lol (14
Pm X
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where M, : maximum bending moment of the rail at the loading point when the rail is assumed
to be a simple beam (kgecm), Pusz: maximum load (kg), M;: maximum bending moment at
the corner when the frame is assumed to have rigid joints (kgecm), M,: maximum bending
moment of the rail at the loading point when the frame is assumed to have rigid ones (kg+cm).
These results of the calculations are shown in Table 7.

Repeated loading tests were also carried out.

Results of the stiffness test are briefly summarized as follows:

1) When the rail member was assumed to be a simple beam, the calculated values of
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the deflections at the loading point were 6 to 20 percent larger than the observed values.

2) When the joints of the frame were assumed to be rigid, the calculated values of deflec-
tions at Point 1 unexpectedly coincided with the observed values. But at Point 4, the formers
were 15 to 20 percent smaller than the latters.

3) When the joints of the chair frame were assumed to be semi-rigid, the calculation
was done using the joint factor got from the data in ref. 9 to be added to the deflection
obtained from the expression (8). The calculated value did not exactly coincide with the
observed deflection at the top of the back post.

From the results of the strength test, it seems that the strength of the chair frame is
decided by the shear strength or the bending strength of the members. To estimate the
strength of chair frame, it might be necessary to approximate the values of calculated
maximum bending moment for the joint based on any condition.

The test results of applying the repeated load to the specimens were shown in Figs. 3-(1)
to 3-(8). To apply those results to a practical case, it might be necessary to confirm the
decrease of the stiffness and strength of the frames under applying a repeated load for a
period of long time.



