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AN EXPERIMENTAL STUDY ON HYSTERESIS CHARACTERISTICS OF NUKI-TO-COLUMN
JOINTS USING WEDGES FOR JAPANESE HISTORICAL WOODEN STRUCTURES
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Takanori KOJIMA and Tetsuro ONO

This paper evaluates the structural characteristics of the Nuki-to-Column joint with wedge for the traditional wooden

structures. We conducted the full- scale static loading tests using three types of wedge. We proposed the mechanical model for

estimating the joint strength based on the partial compression element tests, the simple estimated method for the structural

characteristics of the joint for structural design of traditional Japanese temples. 1) The structural characteristic of the joint is

proposed considering the embedment characteristic for each type of wedge. 2) The simplified calculation method for evaluating

the structural characteristics considering wedge type are propose.

Keywords: Historical Wooden Structure, Nuki-to-Column Joint, Wedge, Cyclic Loading,

Partial Compression Element Tests, Structural characteristics

BIEAREI RS, E-EihO, B

1. F
EREICRERLVERSNTEEIRICER S EHRAGRLE
MRHY . TNHIEFMBEOMSEERICLY VT ET S, L0

DIFFE-EL DX, I E %2 LR A fTAT 2 & THLEE IR
TELMEEATH Y, SFAHRRILEERINA TV D,

B EAE FW TR B AL 0 ORBEPERR IO W TIE, 7T o
POFMERERE SN TS, JE< AW DHA TV D REREEEA R
=7V TIERILO D W IAZ IR IS < FHHER O < VAR
FENFIEIC RV T, BRI E 03~08 IZRETH 2 & THROE
BEERL TS, HHE Y ZHROBRRIAR OB T & D IHEM
RECHOII L~DR B L& iat L, K6 Y I3 IR-OB O R
2D 4 FEHOBA MR E LIALAERIZL Y . BRICHE S okl
LENERIRD 2 & THEITEIRECRE R BE 525 2 LR L
TWa, B Y S E-EhOicBn TERORMSE DMK &0
WEERHI LTS, £, dB5FD Yk, B D IALIRDT & BEERIKHT
BEET D L CEROMMSES & e S B 7o A 1 B2 S o Bl
KEREL TV D, TNOOHREBRRITROXELZELLLV A
PR Z2AE- B 0 O MEREIC B W TAHRRAR TH LN, EEr 5
RERG L LTV DDA 2R T D HEA 1L 4 SFRUF & e/

<, HEBFEDL 7 Y Tida B/ FRAFIIRES TN D,

—J5. EWIZIZ 16 TE B2 M8, (LECRIEADR S VD | MR
ZOBRNITIIMERAGEHESF RGN (D, tLF@EY L ES) MF
TET5 9, T bAEFEEY TR, BRI 10 ST ES R TH

A AT,

R AR RER, AR

D\ﬁ@%#%%&Eb/%%x¥&mﬁ%%ﬁgmk%<ﬁﬁé
MEBRHWSNE ZE NN, fEo T, BHRABHFREEMICE
HIE-BAL O ORGSR IR T 7 0I12iE, 29 ijiff@%%
(b L7 R oW T BRI 2 it 247 5 WE R B

ARG ST ASRAE A SRR O F D IS AV BB B
H OREEERFIEIC G 2 5 8% HRAUE ORI S8R Z @ L i
BT5LeEblc, HFREMAIRE LIALRNONFET VERSE
L. (8R4 FEMRERIC LS W T O O EE W EIG & KZETAE
ECHEET A HEERT, S 2T, TARED D M
Hos SHER D B &M HEALEBIR 2 E & B L > TRD D F
) ICHESEMROTERZRET DEBEN, B ITT NVEIERT
2 L TR E N OERIEEZ DY A XK S K0 s
BT HELRET S,

2. BEHTHH-BEHLODOERERPE

HaAT 58-Ef 0 OfEFMEEZAOMNCT 52 L 2 ARICE
REEHE T OFHRIATIN N ER Y 21772, AETIE, T TERPE
WIZOWTHRD,
2.1 HERIK

Table | [EBRA—E (221 1K) THB, RBEITE— A MK
PLEF L L CoAARNREEREOREZ B E L, fLREiosx
B35 HFRRBRIKL Lic, HEFIZS Y3, BBLOBIIA b
N, MRHEMEE Table 2 (273, FEBR/ST A — 2 130 - B~

LR TR RS T s M iR
“ BILERE 514 (T4)
MR TEERE R A S TS
UOEBEIET B (T
OMWMRITEERY: SEHIE - T

FHY HuE - T

Grad. Student, Nagoya Institute of Technology
Kameyama Construction, M.Eng.

Prof,, Nagoya Institute of Technology, Dr.Eng.

Aichi Prefectural Government, M.Eng.

Emeritus Prof, Nagoya Institute of Technology, Dr.Eng.

— 541 —



h, PR, PR E L7z,

FEEE, EMERYBLRL O B S D FERE ¢ 303mm (10 <))
ZHMEZ . ¢ 363mm (12 5F), ¢242mm (8 <)) O3 FEE L7, &
7. BPEE TAR) -3 % 54.5mm X 181.8mm, 66.7mm X
197.0mm, 77.8X224.2mm @ 3 FEFH & U7-, SRFEEHIT. @R, &1
B, ERBRO 3FE S Lo, Fig | ZAREEOFMR TH 5, LiE
B (a) 1%, Ho kg EETH%H:@%@MTLQH%—Hxéﬁicﬁ/ﬁ
THDH Y, KO (b) X, Wil L FEORIIRTH 223, HEMf o
FREE Al A B IR AR A R 2T 5 2 & T, EV\?%M:B(
EANEBMEALSERVERTHS Y, TR (o) X, BHo bk
WL CRIRORZ HE ETRERD XD ITIHAA, NI
MEATSERVEBRMHLVWERTH D 2, BERIZ, 33mm,
42mm, Slmm @ 3 T &L L7z, Table | (ZIFFBRIA T & O LA
Ebifillz, 28, BMOTAZTERTICERESESL L L BT
FHAZAT: OKRTPHEIIEREZ L8 L, T HIALERMIZIEHEIC LD
KA U7z, RBRIAIT, MEHEEO R E R B 2 B8 L, FEuEL
T HAERE ¢ 303mm (10 <) « BLAL 33mm (ZH W TR Z & 124 3
BHETZZ L& L, ZOMITHRERIZIIT s ERR L
DERETRANETHZ MDA LKL LTV,

2.2 EREE

Fig.2 I, ERIEEBOMETH 5, HATRFICH D FAEIEE— A >
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Table 1 Test specimens

Model .Column Nukisize | Type of Wedge | Wedge angle Number

size (mm) (mm) wedge | depth (mm) (deg.)
12F-33 | 363.6 |77.8x224.2| Fustu 3 33 1
10F-33 wedge 4.1 3
10F-42 | 303.0 | 66.7x197.0 2 8.1
10F-51 51 12.0 1
08F-33 | 2424 [sasxsig] T 1 33 5.4
12N-33| 363.6 |77.8x224.2| Naname 3 33
10N-33 wedge 4.1 3
10N-42| 303.0 |66.7x197.0 9 8.1
10N-51 51 12.0 1
08N-33| 2424 [sasasig] T 33 5.4
12K-33| 363.6 | 77.8x224.2| Kasane 3 5.2 1
10K-33 wedge 6.3 3
10K-42| 303.0 [66.7x197.0 | | 2 8.0
10K-51 51 9.7 1
08K-33| 2424 |s4.5x181.8] | \ 33 7.8

$Name : 10F (Column size, Type of wedge) ~33 (Wedge depth)

Table 2 Mechanical Properties

Tree species £ _(N/mm’) M.C. (%) Density (ke/m’)
P M C.V. M C.V. M C.V.
Yellow cedar
10.2 82 17 7.8 382 0.7
(Nuki* Wedge)
Zelkova serrata 101 15 4 2 . o
(Column)

M : Mean Value ,C.V. : Coefficient of Variation
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EIEMET AEBTHDH, ZOEBRICLVEONTIEM I & OV AAR
BEORBEL A0 D Py-0 BREHEET 5,

Table 3 1%, BBy EMEEBR TH O IZRBRE—E (242K Th 5,
R 10 FRBR IR A X R E U, ERST A —Z IR, Find

Mg My
P
b ' b Py ,
e = L N A B
L P ey
AR \ \ STy \
Py h, P, h,
MF MK

(a) Futsu wedge

(b) Naname wedge

(c) Kasane wedge

Fig. 8 Mechanical models of joint
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(B O _EdhK - & R & OB | AL AREREAT (- 8 - &)
L L7z, ek, BRI X OB BHRME IS TRER R & Rk T H 5,
PURERE L, @i R MR & Ui, R 1T s C 0°
157 . 45° [ 757 . 90° o SHHLE L, fhoBFEES K OE TRk
FEWFZE D O BUEMEBAE R 2251207 45 o2/ L LT,

WAL, FERR 10 ~HoxH R 2 A EliE A 1/10rad FREE TEEE
L. ZBALED 15mm &2 5HPHE CTITo 7, #A s B I3aB R 1
K720 55r~10 pFRE L L, BALTS AR EICHKE L2 2O
RLEF DI L LTz,

Fig. 10 1%, FlaA M 0° 1281} 2 2MFEE O LM E P & B &
S OMRERLIZLDTH D, KO ST G, ERRITRD L,
Z U i A oR 3, S B o BRI L T R
MEL, ROBEB LOEQM T —KREE, ZREIMEOZE OB i
WCHNZ, Zhud, FFRRIERFERRIC D VAL BT D AERIZ LD
LoLEZLND,

Fig. 11 1, B0 FEAR SEBRAE G FE 5 < S R il (— R &
ZWRIANE ko BEIRT T Py) DEFRFTEETRLIEOGDTH D, khiTH)
IR 2 Y » FHEMTE RSN R oT=d & OREAEL,

Table 3 List of test specimens

Column size | Wedge depth | Nuki size | Rings angle
Model Test t N
ode estiype (mm) (mm) (mm) (deg.) umber
F-33-0 0
F-33-15 15
F-33-45 | columntFustu wedge ©303x90 33 — 45 3
F-33-75 75
F-33-90 90
gj;_fs column+Naname wedge [ 930390 33 — 4?5 3
K-33-0 0
o200 | + —
K33.45 column+Kasane wedge | 9303x90 33 s 3
T-0-0 . 0
T0.45 column+Nuki ©303x90 — 66.7x197 S 3
FT-33-0 column+Futsu 0
FT-33-45 wedgeNuki 930390 3 66.7-197 45 3
C column ©303x90 — — — 3

$column : Zelkova serrata, Wedge and Nuki : Yellow cedar

Disp.
Weldge meter
lm Coturmm 1N\ Column ml
1)
Wedge| |
| | | | | | ‘ |
Fig.9 Element test setup
150 k (kN/mmr) : : : 25 k (kN/mm) : : :
----- Fustu wedge
125 20 Naname wedge L
[0
100 s
75 \o\\ :
o° e T 101
1)) — L6 N .5 VU S — o o}
25 ° * 5 g Y- o —
GG '"'"""3'"*6‘6—
%15 30 45 60 75 9 %15 30 45 60 75 9
a(deg) a(deg)
(a) ki (b) k2

Fig.12 k1,k2,Py-a relations
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300

250

200

150

100

50

ke AR TR ICBR SN ELE LEERROARL E T 5, Ptk
& RIS T HIEMO AL LT, BREERVEE & R & ORI
% Fig. 12 12779, MPOIXEER, ORI, £ L TOILEAM
BRT, BBUCKT D EURERE (GRAR - EER. ER RO Bk
B ERER) LOFRE LT, ki IRIOERD, kb 3mSR b & OME
R L, P 3@ R bEVMEL R L, Pl EIC XD kT
. ki ks PLDVTRBIES SR H B B OO, il & OB
FEAEIFFER SN R oo, Ko T, ABFEOX R AICI T 5
O EMEFFE X F A LI L o TROONHE DL L,

WIZ, HOREGTAIC X 2 ik &4T 5, Fig. 13 1, nAfmcisH
TEOERHMGE R LD TH D, Ko S8 (C RBREE
) | WA (F-33 3BRIAT-)) | — 8T B (T-0 SRBR 1K) |
KIEMULR — W BRI F31) 2 FAR BB 00 2807 1 % BN U 7= fif
BACBMRA R L ERTAE - B - HE R LIoRBRR (FT-33 B
RIFY)) OfERETRT, KEREERBBR—BET L2206, &
H ORERR A D 80 0 A BB 2 I OAULE, BFREA R O 0 2R 0
M EEFEGNPFMTE D& WZ D,

4.4 HOERE—A 2 -EEABROETES L VR

Fig. 14 1%, HW@IcB T 5 PoBRER LI DO THD, 22T
AR AT U CIR— R O faf 31 4 8 U 72 KR O AR
R (LM, AR P BREMES) ZHEARELE LTHWD, o
FEAR P-o Bk A+ TFRIER ORI & [ USRS (BUTA LR
W) Tt S E 5700, PIME 25 2 RBlCERT 5, B
REZIE, +FREEBR A v NRFICHE U 72 B TIA - Fit: DK
BhFEEE & B SR A RIS L0 B L2 WIIERE O 0 AR TENL 5 (Wi
B 23mm, RO 1.5mm, EH 1.7mm) & H\ T, FEA P-o Bk
DOIIET 25 (0, Po) HFEICBEISELZ & THMXESN P
ZEA LTz, L OMMEER L OE TS O Pkt d 5 M % K

300 P (kN)

250 |-

200 -

k2

P
150 ?

100

50

k1

10 15 20

4 (mm)

15 20
3 (mm)

Fig. 10 P-6 relations Fig. 11 Definition of ki, k2, Dy

E.0d) R 300 PN
----- Fustu wedge || -====column
o —N d -
S i 2504 --wede ;
200 |:| —total(calc.) . ol
[Ece —total(exp.) |-~
S - < o3y 150 e e m—
L B o g =R T
= 100 /’,,' /
- o s
= ° @ b 50 [t e
— o] 1
0 B
15 30 45 60 75 90 5 10 15 20
a(deg) & (mm)

(c) Py
Fig.13 P— & relations



RE L, ZThbZHAWTE—MERNZI T 220 & % B L7z
P-6 BRZH—{L DD VAL m E-AA R (U, 0 P-o Btk
LIES) L35,

WIT, /B HNTEo MR GhEAN) oftn P-s BfRE v
T, RBELIEEETMICESCKN B) ~ (10) LY fErfEAE
— A b M-I 0 Bk (DI, tE0 M-0 BIfR & PE5) ZafiEg
. BET HICHI o UL 1 Y72 ofhn P-o BIROFGE 0.5P
Z Pyl L, B 613 4) T do iS5, ek, X 4)
TIEARAR R AL A HOR & B & DR R e LT,

Fig. 15 1%, £l BFEE 10 ~F « B 33mm &R A O 15
WMEBHERERLIEBOTH D, HPOERIIHR P-6 BFKREHN
THFE LN M-0 IR TH Y | B2 B X 7285 Cid 58
BRfE R () LV b RE<A->TWVD, ZHUL. #E LW Fo
5T SRR C I BT AT 0D ¥ 40 FEME EBRIT IR & AL A o [Els
ZEENAE S BOKRIE U & ERT ORI D FER O 0 3A RIS 3 [F s
WIERLTWS 72 EEZxBND,

T, HE M0 BRI OMIR LRIRZE# 4 52 5 2 L &%

Z %o HARMIZIZ, tEH M-0 BIfR%E H W C A SR & [ U g 2

JEA4 (0:=1/450, 1/300, ---. 1/15, 1/10) DNEIZAAE D Hlifes — BRfar &2

MO T, ZOFEIZL > THE LIV D ERTEATIZE S R O 0 AL

EIRB L O FRER TE LN RO LRICHE-S < LR A %2

WHILIEE, RO DEAEG (L, HEE0 M-0 B EMES) &

B/BLHZENTE D, UTFIZ, ERIOLEA 6, F THAM LIZRERND

BAGA Oy BEOHEE T My, O EFITIE%E . Fig. 16 TRTHEAR &

Tk~ %,

Ot 1 M-0 B3R LD s A (ERTEATRE O A 0,) 55 Brfir LA
LD DM B IR D VIALERAA 0 LT D, Z ORAERRTIC
FAV 2 BRETRIVE X, R EB TS S M-0 BBf%A 5 Fig. 17 T
T DM ke 38 X OBRFFHINE £ I2H-S<, Fig. 18 13#
% 33mm OAHAE OB (15 1K) I2OWTEEAICKIT D5
TR & AR & o B3GR A BRI RNIR LT b D ThH D, it
VEBRTRT R 2 I RIE TR OTAL L7 & U BRI R PR 4 28

300 P (KN) 20 M[N-m] MKN-m]
/ — Experiment ]Oll'lt M-0 A,+2
== Skeleton curve L — I
250 i - AW?
Joint M-0 I
200 " M A '
- - I —
Z AV P -
150 7 z 10 / ,w‘ ﬁ rotation M-6
100 ”@;jf J
ase P-& 51 w7
50— A /ﬁf B./. C.
Bi Ci i i+
0 5 10 15 20 00502 —0.04 006 0.08 0.1 0 i O i Orieny \ 0 [rad]
5 (mm) O[rad] o, 1 ()
Fig.14 P-Srelations Fig. 15 Experiment and joint P-¢& Fig.16 Translation model of P-6
g ke 3 3 g ke 3 g ke 3
S . sifema o Lo el 1
© 10F-33-2 © 10N-33-2 © 10K-33-2
i i BN - N RS - i ——
2.5 ' '
2 2
) °ia / N
f 8 M L5 5 N 15 5d -
L5 Q 1 f X & 1 a 8
1 0.5 2 ° | 0.5 ° 4
0.5 0.025 0.05 0.075 0.1 0 0.025 0.05 0.075 0.1 0 0.025 0.05 0.075 0.1
0 (rad) 0 (rad) 0 (rad)
(a) Futsu wedge (b) Naname wedge (c) Kasane wedge
Fig. 17 Unloading definition Fig. 18 Ratio of initial stuffiness to unloading stuffiness
0,;: Rotation angle by slip 30 M (KN-m) 30 M (KN-m) 30 M (KN-m)
;- Slip length of wedge b, P10 g B0 —Ep 010
Lo l: Wedge angle 25| |—proposed ?g‘ - 25 || —rroposed ‘1’8‘ o5 ||—Proposea § Plo—"
~ | f/ h
\O 20 / 20 / 20 4 o
H /D
s g =@ s ///ZBfZi' 1517 e 15 fé
<= 1 "M TR -cos(B —a) p — |
! ’ 10} A 2 ol ff 0| f 4
i 3 — L
T - 5 L 5 e 5 4//
[P —

I
: éki 5ki -%ana

(a) Futsu wedge
Fig.19 Slip definition

0 0
0 0.02 0.04 0.06 0.08 0.1 0
0 (rad)

Fig. 20 Calculated and experimental M-6

0.02 0.04 0.06 0.08 0.1
0 (rad)

O
0.02 0.04 0.06 0.08 0.1 0
0 (rad)

(b) Naname wedge (c) Kasane wedge

relations
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A ThD, Wil (a) TIEEBAOEIZHENETE L3 o

MZRgEEBIS, M 1/150rad £ CIEBRAFEIE & 975 X

—HT %, — 5T, O (b), HLRME (o) TIEERMADENLIC

23hvb B MERBRATEINE & PIMEE X —B L TR Y, Sk &

LEET D, I TRMEE L. ZhsofmERTIC R T A

U Lo TEEIT 2, £ o TR CIHRIE DMK U258 % 5

25 1= OBRFFHIE % Fig. 18 ISR T HEBIIESWCHRET D, 72

B.ERS Y G S TEEICE T RIS R O TR ZRBRATRITE O

WG EERRTV D,

@O, OO P H URIE, 3.2 8T/ Uiz & O WM - B2 Lol fg
& o TRz OBEMITIE TE 208, ERBLT DDITT4A%
SHIZRMAV R ER EERRVETHD, T I T, 2, 3ETR
L= EBRTEESN-RokE LEZ AV TRl 5, BEmiC
. ROk LICHE S n ook 3 2 E# M 0 % Fig. 19
WCRTROITER LT,

@OUDERA Oy £ TOHAFBBRICB VN THAN LD A Y v FXH
ERIEHON ED R C (04606, 0) BRED, RCEFHRE L
0 M-0 Btk OIS 0 WEOTTE DY, IR LIRIFRZSEE) 0 5
BEA O REOTFH My THDE L, Fig. 16 PO Dy (0,
M) BELND, ZHUE. EATEA R OB A 6, TL U5k
BV IABRIET E RO P LB DR OFATHEFE I IV THED F
OB BT 2802 VY hTAZ L EEHRL, Btk
OV IABFFIEITN L ARE L AR TH D EBER T2 TH D, FH
FRIZLT. W Dy (B2, Min) 3505 Z &1272 0 | Fig.16 H1iZ
AT 0> - B A TER RS R D
LEMA R M- BAMR & 72 5, Teds, ARFEBTITEATANT D722
INEETEIE D JE R BT AR 0=1/450 D T2 5. Disy & 1 A & LTV B,
M EX 0 EenEiatn M-0 BRIE. FFRERICE T 540

TERE— XAV b M-l O BIMRE RIS T D Z LI D, 728, k-

B HEA~ORHSIEE B P-6 BIMRIZHB W THAHEIC R U T gl

HZlELT,

Fig. 201X, 2 ZICARTHIEIC X AR ERE— A b M-ElEf 0
RIfR (LAtg, HEEMHR & PES) & +FRIFEBRRE R & o ek & B RE
MR LIEbDTH D, PO 12, O 410, A H 08
TR IOFERTERGEREZ L, @ H 125, B H10-, A:
FE 08 ~His L OVK MR ITHEE AR 2 R T, 7238, BRI u lco W\ T
I3, EEEE T 0.4, FHOBT 0.6, AT 0.5 NEWIIRE R LTz,
Fig. 20 (2R3 & 912, #HEEMHR CREMR) 1FREEDH - BHE0
EWIZ LD JEBEHAROZIC KRR LTV D, KBRS X R
10 ~HCIXEBRE & HEEME A LVt aRmd & & bio, &Kt 2%
AMITFHE L TWD LT 25, FRTHMBREREN G IO D VA
HAEMEDNEVRIORTIE, RbRBELSHRTETWS, kX
0, AR HWERE-BE DR B ERER TR ON IO D VAL
B BoOBITH LESHEBE L, BELLNFEET VIS D
LT EOMHRETEREGRE REMEBE THETE S L aR L

‘= & Din— & Din—

5. RAMAHED-HDHEERFIEEDIRT

5.1 +FHERBRICESIMODORBERMEE
[ERARTELSFRREFEY OMRHR NI BN TIE, OGBS IR
MAFEBHNLND Z EREV, RETIE 2~3 BEIRLIZER
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FERICESE | RAMIFHE TRV AETIEEEZ N Y =T ICE

T U TR T 5 72 ) OREERFEE 2 3R o 5 RN 2 FIEORE

179,
FHHEORBITENL L, £9° 2, 3 B TR AL O &R

%KD TEL, Tabled | HFHFHREFICE S < HAEERHEE %

AT T2 T, KM Myax. WHIBRFRZTEA 0., HABIRR T /)

Mo, FEIRZETESG 0,0 BEIRM ) My 5 L OV RAIME k. RREIVE k.

ZIRIAWE ks DB MEERHPEEIZLL T O FIEIC L > TR,

OEFREBIR LD 0. 1My & 0.4Mpo, & FESH T ERZ 5 . KM
Minax 1% 0.1rad F TI/ME T L22WEEIT 0.1rad BT /1 &+ 5,
F M FOETEA T R RKETEA O & T 50

QB MR LD 0.4Mpy & 0.9Mp, &5 SH DEMEZ T,

@R BT 2 F CH I EMRZ FATBRE LBIERE T 5,

@F 1 EMR L BIER L OZROWEZ LFIRRMNS M. &L, &
KR E > M. W DOE A % LLBITRR A 0. &35,

EFREBIR LD Mgy & 0.8 Moy ZFESHIVERZ 5L,

@FEMR L BIVIELR E O MOM S 2B M, & L, Bkidh
M ED M, B O % BIREA 0, L T 5,

@i (0, 0), HBIBRFA (6., M. BERA (0, M), BED
BRI Onaxy Mumax) D 4 REFEATZSOZ N V=T €T
NeT 5, £, FRME VRO DADEIMEE —REIME L, K
W ko IR ks &35,

Table 4 Structural characteristic values

Model M e | Oe M. Oy | M,y ki k2 ks
[KN-m] [rad] |[kN-m] [rad] [KN-m][kN - m/rad]l[kN * m/rad]{[kN - m/rad]
12F-33 250 1 0.03] 132 [0.05] 18.6 526 210 153
10F-33-1 18.1 | 0.02| 94 [0.05] 128 448 114 136
10F-33-2 178 1002 86 |0.04] 11.2 376 161 124
10F-33-3 156 1002] 78 |0.03| 10.0 413 164 93
10F-42 102 1 0.03| 52 [0.08] 9.2 178 80 67
10F-51 130 1004] 73 |006| 90 168 102 104
O8F-33 78 10.03|] 40 [0.05] 5.6 160 65 54
12N-33 263 [0.02] 15.1 |0.03] 18.0 1004 271 132
10N-33-1 184 10.02] 10.6 [0.04] 13.6 559 154 90
10N-33-2 173 10.03] 9.7 |0.05] 149 371 187 64
10N-33-3 143 ]0.02| 86 [0.03] 10.5 451 195 59
10N-42 15.1 J0.01| 82 [0.02] 9.2 680 168 82
10N-51 147 10.02| 8.0 [0.04] 10.7 420 151 74
O8N-33 83 1001] 41 1003| 59 340 81 42
12K-33 300 1 0.02] 159 [0.04| 23.0 936 337 132
10K-33-1 22.0 [0.02] 11.6 [0.04] 156 551 225 136
10K-33-2 21.6 [0.02] 102 |0.04] 155 537 212 138
10K-33-3 19.3 10.02| 10.5 [0.04| 142 457 175 106
10K-42 159 10.03| 83 [0.05] 11.7 330 134 93
10K-51 137 10.03| 7.6 [0.05] 10.0 292 121 76
08K-33 94 1003] 43 [006] 74 170 84 62
M [kN - m]
1 mnu
Mmax ; - P Lot lV
// /// -
% P
// -
M, A
- 5k,
M, >
A
/| kl
/
/ 00 gy 0 [rad]

Fig. 21 Structural characteristic definition



5.2 HOOBEHMHEREAEDRE
KBTI TAREINCES N 205 L LTWD, ZOTAE ]
WHFHB L, BiEIoR L2 (8) ~ (10) AW T n offi St 1%
ERFHLET D, ZOFIRIHESITIE, BEHE TR & OIARN
%&fr 5.2 5 720 T 0 O L RHE A VERL T 5 72 O O RS R E 2
552N TED, P, BENRFE ROV TS,

R THR O BOWEFEE TAR] CftWHRIc LV /Aoh, &
B hy. EUE b ITAERS he F O TR TREND
h, =0.6h, , b=0.25h, an

ZZTLHTED Py E EORENIZIS T B HEfilm A & Bl A
—kRARIG I E (DA, EHISIE o, EFES) L OFRIZE LW E
WL‘;ET%L 1, R U1D) 2FBET L L TR IBMEEICLSTRKT
REND,
U%_“)xb=avx02y%?°_w

AT, he t MR a: EAOBONERNE (BB TIEXa=0) T

Py =0y X

(12)

2

N

wic, X (12) 20 (8) ~ (10) ~UAT D L L blo, RERIC
BOTHEAEL L0 oML 33mm F L OETE ©/R L2 BIRE K %
HziuE, ALOfERE =AY b M (KN - m) 1 ZBHE Z L IckA T
REND

(he(he — a)(161h, + 1.98)

| 1200 (BB

I

| no(h, — a)(154h, +25a+2.9T)
M=0oyxm, m= {I 500 RO (13)

h2(145h, +2.48)

T @28

T2 m HRBLOELAOBONEMEIZL Y EE HRET

Bo, A (13) 1 F, B RS R ENE, 0O AR 6 720

MHENTED I EERT, £ 2T, BMERMEMEICIG LT 0y &
ATHT72 Mew My, Mmm%kbfﬁé

Fig. 22 |%, Table 4 ! 2% 33mm EFRERIE (15 1K) @ M.,
My, Mo JHV, ZRENUITHIET D 00 % Oun y0un maxoy & LTZE E
DEERRNPSRDIZHDTH D,

—_F o = My o = Minax (14)
eV m s yv m > max®V m

MO @R, OFflOH, @IFEARA R, BFEEIL
OB A ERR, FRRAE A SR TOFR Lic, Eiz. A OHEE iR
WZEESWTRD BT IR T E AR CoRd, RBRkZ L i)

DEFELOXFRLND b OO, FHE I EIFE A A X2 L 5T
F—EDEEZRLTNWD, 2F 0, B L O o i3 fE R4 R
IoPExDLZENTED,

WIHEIC BV CH I & AR OMET 21T 5, 2 2Tl it & el
itk o BRI ESE, X (14) Omid%Z 6 (rad) THRLTELNZ
feill R E b MIVEREAGAE 0/0 & 95, Fig.23 1%, Fig.22 L [AERIC
Table 4 IZBITD k. kb, kA0, TRENIECHIET D 6/0 %
100y 200, 300 & LT2E EDOEERADPORDTZHLDOTH D,

oy _ko v ke v ks

[ m [ m [ m
REBEZ L I2E2D OO DT R N5 BSMIVEFEMAE & 03

15)

ARZE O PREET L1
HEAaY A XL BTH %D

PlED R EME 2, Fig.22, 23 066N HE -
v OGO IR EEFS KO
H D% Table5 (2”7, 723, Table5 PO o, DIEIE
TEIER DD Y IA
Al U AT

FE-EDOMETRLTWD, > T, 0/l
ZEMWTED,

PLEX V.| Tables Ofiz AV LR, & (14)
DA R 2375

6,=M /m[ X 10°kN/m’]

LD BIFED <A
LRI A BAE S L ick LT
FREEIR
AL FEYERPE | LR TORRVMECTH D3, 2t
IO LBIRLED CGEli L T\ A7 Th 5,

(15) IS &tn
i, b U U =T RIOE T I FHERERTE 5,

6 /6=k /m [ X 10°kN/(m’*rad)]

100 & 3000
Fustu Naname Kasane Fustu Naname Kasane
%0 wedge wedge wedge 2500| wedge wedge wedge
2000 o ®© | 73
60 o = SR
e §% .| a8 1s00| 228 "o Te 2"
o Z @ N o P e %
Voo SIS M o ) & S
w| B4 | T TE | 853 R ‘
< E 1000 [~ S| @ e«
' O A D@ e -
On HEl ST z
20 W@:Q: """""" a g g
500 =
‘—mcan value ====*lower limit --ﬂ)rmula‘ ‘—mean value ===+ lower limit ==formula
0 [ [ 0 I T
Specimens Specimens
(a) M. (a) ki

6 =M/m[x 10*kN/m?]

,0,/6=k /m[x 10°kN/(m?+rad)]

100 3000
Fustu Naname Kasane Fustu Naname Kasane
80 wedge wedge wedge 2500| Wwedge wedge wedge
- @ @ @ - @ 2000 ‘—meanva.lue """ lower limit --formula‘
T e ; @ «
RELFAREEAREE
- < % = M 1500 -

40 |cccQeem : T...‘?i: o @ o a - E @
7020 S s ot el el el 1000 » &« | zZ29 | &%
____________________ ESg | 8§22 =y

=]

20 - 2 3
‘—mcan value ====*lower limit --formula‘

0 T T 0

Specimens Specimens
(b) M, (b) ko

G =M_ /m[x 10°kN/m’]

6 /8=k /m [ X 10°kN/(m’rad)]

100 max v 3000 2
Fustu Naname Kasane Fustu Naname Kasane
80 wedge wedge wedge 2500| Wwedge wedge wedge
2000 — N
60 . ‘—mcan value ====*lower limit --mrmula‘
___2_ — ‘_.__.....!.n.. 1500
40 e T T .n'ﬂ.nnn ———————
9238 ﬁ,mg mig 1000 o & o |« o
: o < ! : IO I A, o T oo
o B2 | 828 |82 ¢ “51 225|842
= ° so0f - & | =g | a7k
0 ‘—mean value ===+ lower limit --formula‘ o9 + =
Specimens Specimens
(C) Mmax (G) k3

Fig. 22 eTv,yO v, maxO v

Fig.23 10./6,,0.,/0,30,/8

Table 5 Mean values of wedge type ( ) : lower limits
Oy M) | 4oy M) fmaxOy Wm0 1000 G0 | 2000 o) | 300 (k3
[ % 10°kN/m?] [¥10°kN/m?] [¥10°kN/m?]  |[*10°kN/(m?- rad) | [x102kN/(m? - rad)]|[ ¥ 102kN/(m? - rad)]
] 254 343 50.0 1139 422 337
Fustu wedge
(22.8) (30.5) (43.5) (914) (348) (266)
27.9 373 50.0 1615 522 228
Naname wedge|
(25.2) (31.5) (43.8) (1135) (470) (181)
28.1 411 55.6 1364 547 309
Kasane wedge
(23.2) (38.0) (49.6) (928) (457) (253)
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TFECpEE
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LI A OB T FEE AT S 72D ORI Fe AR
BT 2 G D) B S K ORIVERHARE DI R 24T » 7=, A

T IR UL FIORT

) BAEAT L - B0 OMERER,

2) O DO IFEET IS & | AR E L OGO 5

3) Table 5

WZHLD & V) AT &
DFFHLIZE » TIRESH D, il @%i@i@&f& ok
A ERREVZEROKTHLEL RE D,

T A SRR
EATH 2 LTt o OREE G E REBHE E CHEE
5T LMWARRTH B,

RIS ) S LORIMERHE 2 VW2 2 & T
A A RS & O T EME M2 RAE S Lo cx | ftno
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The Nuki-to-Column Joint using wedges has been used in Japanese traditional wooden structures. The joints are the most important
structural elements which can resist a horizontal load such as seismic loads or wind loads. The structural characteristics of Nuki-to-
Column Joints using wedges has been reported in the previous studies, but the target in the previous studies ware relatively small
wooden structures such as residential house and so on. In Japan, there are many historical temples and shrines which have Nuki-to-
Column Joints. The member size of the historical wooden structure is much larger than residential house, so it is needed to evaluate
the structural characteristics of the Nuki-to-Column Joint for the traditional wooden structures. The purpose of this paper is to evaluate
the structural characteristics of the Nuki-to-Column joints with wedges for Japanese historical structures based on the
experimental results by the full-scale tests of the Nuki-to-Column joints using wedges.

In chapter 1, we described the significance of this paper.

In chapter 2, we show the method of the full- scale static loading tests using three types of the wedge.

In chapter 3, we considered the influence of the structural characteristics of joints by the wedge shape, the wedge type and the slip
out behavior. All specimens showed procession-slip hysteresis in the moment-deformation relations. There are differences in the
structural characteristics of the joint and the slip out behavior by the wedge type and the wedge angle. Furthermore, the larger the
wedge angle becomes, the slip out behavior becomes larger in both the Futsu wedge and the Naname wedge.

In chapter 4, we estimated the full moment-rotation relation curves of the joint based on the partial compression element tests.

In chapter 5, we proposed the simple estimation method for the structural characteristics of the joint for the structural designs of
traditional Japanese temples and shrines. This method consider the slip out behavior of wedge.

The conclusions obtained in this study are as follows:

1) The structural characteristics of the Nuki-to-Column joint using wedges are greatly affected by the shape of wedge and the slip out
behavior of wedge.

2) Based on the mechanical models of the Nuki-to-Column joint, we proposed a useful method for estimating the full
moment-rotation relation curves of the joints based on the simple partial compression tests for a couple of wedges.

3) The simple and useful method for the calculating the characteristic values for the historical model of the joint are proposed based

on the full moment-rotation relation curves estimation method.

(2018 45 A 10 HE A3, 2018 4F 12 A 27 HERMHE)
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