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Fig. 2 Dimention and cutting of the wedge,

(1) Whole view ' and the reinforced one by iron plate
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Fig. 1 Test piece
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Table 1 Code of the test pieces

. R3O
o (Wedge) S A v % $EAR A b TIAF
T e/ F
X T (Cypress) (Zelkova) (C.R.L. P)* (Plastic)
(Batten) T '
58 7n L
(Unreinforced) H K HI P
7 A 3 A AR '
(Reinforced by ) A-H A-K A.HI AP
aluminium plates
okt 7 0 . '
Reinforced by) R I+K — I-P
(iron plates

* (Cypress reinforced by iron plate)
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Table 2. Stress (moment) on the specific deformation angles

Deformation angle a8 (rad)

! Test piece 7

(Number of pieces) 1/300 ‘ 1/120 ‘ 1/60 1/30
H (5) 12.6 24.6 36.9 56. 7
(= 2.8 (+ 4.4 (+ 2.8 (+ 2.5)
K (6) 15. 8 31.9 49.1 71. 2
(£ 2.9 (£ 2.9 (+ 4.7 (% 8.6)
HI (6) 13.2 26. 1 37.8 52.1
(+ 3.8 (+ 4.5) (£ 5. 4) (+ 5.5)
P (9) 16.7 36.1 58. 6 85. 3
(+ 2.6) (=32 (+ 4.0 (= 6.9
A-H (6 12.7 23.5 36.1 51. 2
(£ 2. 4) (X 3.8) (+ 4.2) (£ 3.1)
A-K (6) 17.4 32.2 50. 8 73.1
(k2.9 (= 4.6) (*+ 5.8) (*+ 6.6)
A-HIC3) 12.1 26.5 38.7 49. 4
(£ 1.6) (x 0.8 (+ 0.8 (£ 2.7
AP (3) 21.2 45.6 73.5 100. 5
(2.1 (+ 2.3 (+ 3.1 (+ 4.5)
I+ K (3) 16.5 34.6 54.1 78.3
(+ 1.9) (£ 3.6) (£ 5.3) (+ 6.9
[P (3) 20.7 45.7 77. 8 113.6
(£ 1.4) (= 0.6) (+ 1.4) (+ 4.9

kg.m (Standard deviation)

X, -2, K—92bW bkl s, {E0We /¥, BB e 2 ¥, rvYE2OBG
i, REMPEET A LI I HREESHOMBEM AR, AR LREGR, 7
FAF v 7 VOB EITH Lo HEERSA R 6h 5,

4-2 HHEW

%4 v PHEBECHT 2R EBEEHCET I ER AL, B-10 (1) KARTA, B, C
DEFTH D, M—10 (D T BF (M) BPETB, Zhbik, SENLTHsEMfEL S
TR ThHD, REFESBEERI Y M LB ECEESLD Thvd, B, CaEELE
LicsBIROFHIMNE LD L83D 5,

5 #

BEOGHBETY, {QVCRIDEHLEFRMEOH (v / +ED OB/ 7 F) 2{ES5D
DEBRTH D, Lvl, WEHESYFRCERE RSO 20 TL, 7 VR CREI N HEER
BHWDRS T E b L\, AIEORE, &, REDFe / FHOGE, (IVxe/Fhby



94

120

100

120

80

60

40

20

100

(w-BY) Iy [uewopy]sseng

80

60

40

20

i S
{I) Unreinforced batten
7]
H- ®
A HI :
® H @
¢
i ? »
4
o i
1l 1 L ]
1/300 1/120 1/60 1/30
() Reinforced batten by iron plates
[_ i
4
a |-P
= ® I'K
g
| | / @
.
@ / ’
/ é
L & /
/ |

i 1 1 ]
1/300 1/120 1/60 1/30

Defarmation angle a8 (rad)

120

1

100

60

40-

20

AN

fRAEFRF No. 22

{I] Reinforced batten by alminium plates

2 AP
@ AK g
A A-HI
¢ AH

17300 1/120

El—8

1760 7730

LEXVOME L & EAMRoMmE
L DEJR

Fig. 8 Relation between the strength

of the joint and the material of
the wedge



1982 DEFEETROME L FOHBE GE1IR) < IVOME LBIE L oG 95

(1] Cypress wedges (II) Reinforced cypress wedges

2 eof 60|
<]
&
z
=]
3
3 40)-
=
& 20+ y
2

0 1 1 1 i 0 / L 1 1 I

17300 17120 1/60 1/30 17300 17120 1/60 1/30
120¢ 120~
() Zelkova wedges [IV) Plastic wedges

100~ 1ok
0
@ .
& 8ol 80
z
Q
3
D
=

60¢- 60
<
;‘3":
< 0 40

® |-P
m AP
20+ 20 A P
/
O |

J 0 2 I L 1
1/!300 1/!1 20 1/60 1/30 1/300 17120 1/60 1/30

i 8 (rad ‘
Deformation angle <8 (rad) Deformation angle .8 (rad)

Bl—8 RO ERESESTOME L OBYR
Fig. 9 Relation between the strength of the joint and the reinforcement of the batten
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Experimental Study on the Strength of a Column-batten Joint
with Wedges and Its Improvement [ 1]

Relation between the Strength of a Joint and the Material
of Wedges Used

(Studies on Historic Wooden Buildings in Structural Mechanics for the
Conservation of Cultural Monuments ; 1)

Tadateru NISHIURA

It is very important to make scientific researches into traditional wooden structual
techniques in order to develop the restoration techniques for the conservation of
historic wooden buildings. As one of these researches, the author has been experimen-
tally studying the strength of a column-batten joint with wedges and its improvement. - In
this first report, the experimental method and the results of the study on the relation
between the strength of the joint and the material of wedges used are described :

1) Test pieces

Columns and battens are made of HI/NOKI (Japanese cypress) which is mostly
used for Japanese historic wooden buildings (Fig. 1, 4). Four kinds of wedges were
prepared. These wedges were the same size but made of four different materials, that
is, HINOKI, HINOKI reinforced by iron plates, zelkova and plastic (acrylic resin)
(Table 1, Fig. 2). Three kinds of battens, that is, reinforced ones by aluminium plates
and by iron plates and unreinforced ones were used (Fig. 3). By combination of these
four kinds of wedges and three kinds of battens, ten kinds of joints were made for the
experiment (Table 1).

2) Experiment

The stress against a shearing moment was measured using a test apparatus designed
by the author (Fig. 4). The strength of the joints were quantitatively estimated by
the stress values (moment) at the fixed deformation angles (1/300, 1/120, 1/60, 1/30
rad) between a column and a batten.

3) Results

There existed an obvious relation between the strength of a colum-batten joint and
the material (i.e., compressive strength) of wedges used (Fig. 8). The strength of a
joint with zelkova wedges was about 30 per cent stronger than with HINOKI ones.
And the strength with plastic wedges was about 50 per cent stronger than with
HINOKI ones (Table 3).

The stress concentrated at the certain points (A, B and C in Fig. 10). Among
these three points, A seemed to be prior to the other two points. This presumption
was led by the fact that the reinforcement of battens did not improve the strength of
a joint except when plastic wedges were used, which has a very high compressive
strength (Fig. 9). '



