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Table 1. Specification of nuki of N type

. MC P) ARW E,
WH n
Type W.S. (%) (kg/m®) (mm) (N/mm?)
(mm) (mm)
Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D.
Shirakashi 60 11.7 1.94 793 259 2.65 0.436
(Quercus 30 75 19.5 7.18 858 62.5 3.02 1.20 -
myrsinifolia) 90 16.0 1.63 849 32.7 3.13 0.602
Kuri 60 151 1.57 520 49.0 459 1.86
(Casg"wa 30 75 157 118 494 241 471 1.46 )
90 152 2.83 474 556 4.75 2.86
crenata)

45 90 182 291 533 420 422 215
N _ 60 196 180 470 23.6 3.12 0.586
(Char;;lzcl Lo 3075 194 110 460 30.7 240 0.891 )
P 90 215 3.03 468 324 327 1.06
obtusa)
45 90 233 3.02 484 501 235 0522
Suei 60 111 0982 415 575 227 0.598
USL 30 75 112 107 416 648 222 0.668 107 191
(Cryptomeria
yplon 90 112 0921 413 60.1 229 0.548
Japonica)
45 90 105 0904 381 30.0 3.40 L1 -

Note; W.S.: Wood species of nuki, w,, b,: see Fig.1, MC: Moisture content, p: Density of nuki,
ARW: Annual ring width, £;: Young's modulus by longitudinal vibration method, Ave.: Average,
S.D.: Standard deviation

Table 2. Specification of reinforcements of R type

T , p ARW E, E;
(Le?; fh) W.S. oy &) (mm) (N/mm?)  (kN/mm?)
Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D.
Shirakashi 12 936 329 472 153 138 1.04 157 1.58
(Quercus 18 946 173 541 221 131 126 156 148
Rs myrsinifolia) 24 928 21.1 526 255 126 1.73 150 1.44
(120mm) Kuri 12 546 343 399 1.12 9.18 0.890 9.92 0.836
(Castanea 18 543 29.6 446 1.06 886 1.02 10.1 0.824
RI crenata) 24 551 13.8 3.85 0.987 9.36 0.867 10.6 0.535
(445mm) Hinoki 12 434 393 326 0.759 7.96 0.629
(Chamaecyparis 18 425 104 223 0452 8.15 1.65 -
obtusa) 24 437 142 2.84 0909 7.82 3.38

Note; W.S.: Wood species of reinforcement, b,: see Fig.1, MC: Moisture content, p: Density
of reinforcements , ARW: Annual ring width, £;: Young's modulus by longitudinal vibration
method, Ave.: Average, S.D.: Standard deviation
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Fig. 7. Relationship between moment and deformation angle of R types
Table 3. Characteristic values of moment test of N type
b Mmax My Kl KZ K3 ey 0 0.9Mmax eMmax
Wﬂ n
Type W.S. ( ) ( ) (kNmm) (kNmm) (kNm/rad) (kNm/rad) (kNm/rad) (103Xrad) (103Xrad) (103Xrad)
mm) (mm
Ave. S.D. Ave. S.D. Ave. S.D. Ave. SD. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D.
60 799 69.6 450 46.8 11.7 0.902 6.01 1.11 260 0.683 469 129 927 7.10 124 1.64
Si 30 75 905 994 508 77.4 158 419 648 0.797 266 0.781 40.8 13.9 885 10.7 123 146
90 975 583 578 244 183 298 745 131 214 0500 37.8 7.70 785 838 122 3.51
60 500 97.5 291 535 102 1.72 277 0.632 139 0395 31.5 651 839 437 124 1.04
K 30 75 515 842 289 488 11.1 236 3.06 0572 129 0415 282 7.18 852 7.68 124 1.39
90 633 129 384 629 159 592 4.07 127 137 0339 283 11.1 742 949 117 634
45 90 917 105 548 853 22.8 741 543 0614 194 0.136 266 644 777 673 123 1.59
N 60 546  79.4 323 428 9.68 0.881 3.68 0.737 121 0254 36.0 333 820 523 124 127
H 30 75 497 79.7 286 434 148 4.69 330 0.710 0.926 0231 21.7 6.81 709 11.1 121 1.69
90 567 83.0 333 49.7 141 243 3.65 0.877 139 0523 250 512 749 11.5 116 6.50
45 90 860 221 499 107 228 11.3 546 1.62 192 0782 258 895 759 128 122 347
60 624 148 362 865 11.5 336 450 154 139 0738 325 327 782 109 123 278
Su 30 75 741 183 411 89.3 152 330 481 121 178 0799 274 201 80.8 10.1 121 5.99
90 746 170 420 834 16.0 521 511 1.17 1.55 0.532 276 506 767 684 124 0.845
45 90 992 223 563 127 172 447 677 1.77 229 0394 332 1.87 823 490 124 0.695
Note; W.S.: Wood species of nuki, w,, b,: see Fig.1, M,,..: Maximum moment, M,: Yield mome nt, K;: First stiffness of rotational moment, K,: Second

stiffness of rotational moment, K;: Third stiffness of rotational moment, 6,: Yeild deformation angle, 0y oume: Deformation angle at 0.9 times the
maximum moment, &y,,.: Deformation angle at the maximum moment, Ave.: Average, S.D.: Standard deviation, Si: Shirakashi, K: Kuri, H: Hinoki
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Table 4. Characteristic values of moment test of R type
b M max M y K 1 K 2 K 3 0 ¥y 00,9Mmax eMmax
Type W.S. r (KNmm) (KNmm) (kNm/rad) (kNm/rad) (kNm/rad) (103Xrad) (103Xrad) (103Xrad)
(emmm) Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D. Ave. S.D Ave S.D. Ave S.D. Ave S.D.
12 741 548 454 121 137 1.82 591 347 1.62 0.777 357 13.1 74.0 18.8 109 24.3
Si 18 816 131 547 598 145 0.780 745 453 191 0346 385 5.62 71.2 24.1 115 16.3
24 827 157 512 134 182 500 859 1.59 125 0.343 31.1 12.5 59.1 11.0 125 0.460
12 650 82.1 372 338 125 323 511 233 1.78 0355 31.2 6.14 77.0 12.8 103 19.8
Rs K 18 641 108 374 616 11.0 1.8 512 227 212 0.515 36.3 7.55 79.0 16.5 117 11.1
24 618 60.1 359 305 178 103 569 1.60 1.62 0435 287 223 62.2 15.9 116 14.6
12 695 153 437 101 11.3 262 533 0986 2.16 0477 428 21.5 80.2 9.14 120 8.20
H 18 691 495 425 530 143 522 475 3.04 214 1.03 35.8 21.4 80.3 23.1 108 28.7
24 743 835 503 122 103 0.874 422 147 254 0259 493 8.30 89.0 10.6 116 15.8
12 974 464 600 489 20.0 1.1l 509 0.09 233 0450 304 4.48 84.7 4.08 122 3.91
Si 18 1034 145 563 845 17.7 214 750 176 260 0.887 324 5.43 82.6 12.6 124 1.15
24 1214 146 755 125 194 278 747 247 314 0.698 39.7 8.90 83.8 7.83 122 2.74
12 778 128 445 89.6 17.3 475 371 0276 2.61 0.647 265 2.57 95.2 1.23 125 0.0803
RI K 18 853 129 475 72,1 22.0 228 506 0.894 1.89 0.426 22.0 4.92 79.8 4.62 124 0.164
24 729 633 443 319 158 366 393 0953 193 0.161 295 7.45 83.7 7.66 124 2.02
12 771 126 438 86.1 167 3.02 470 135 2.06 0.803 26.5 242 83.5 15.9 123 3.50
H 18 757 61.8 436 424 156 286 475 1.08 1.72 0.103 29.2 6.69 82.3 2.38 124 0.588
24 720 823 432 454 137 244 406 0357 1.74 0322 323 4.14 85.5 4.08 125 0.255

Note; W.S.: Wood species of reinforcement, b,: see Fig.1, M, Maximum moment, M,: Yield moment, K: First stiffness of rotational moment, K:
Second stiffness of rotational moment, K;: Third stiffness of rotational moment, 6,: Yeild deformation angle, Gy gym.: Deformation angle at 0.9 times
the maximum moment, 0,,,: Deformation angle at the maximum moment, Ave.: Average, S.D.: Standard deviation, Si: Shirakashi, K: Kuri, H:

Hinoki
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Table 5. Characteristic values of compression test of N type

. M.C. P ARW T epo0 E .
Type W.S. (nv:r”n) (ml’;) (%) (kg/m”) (mm) (N/mm?)  (N/mm?)
ve. SD. Ave. SD. Ave. SD. Ave. SD. Ave. SD.
60 11.0 00664 811 39.6 222 0387 9.60 244 670 158
Si 30 75 108 0.132 882 481 252 0853 125 1.88 890 653
90 11.1 0196 874 365 279 0426 109 197 8I8 814
60 128 0215 525 562 478 1.83 289 0.686 363 75.7
30 75 130 0477 505 330 467 188 259 0421 359 408
N 90 130 0279 476 486 524 315 381 106 480 139
45 90 129 0607 529 447 383 158 322 0835 383 328
60 122 0.168 474 260 276 0.628 346 0949 324 124
g 30 75 123 0293 463 355 265 0889 282 0.633 296 695
90 122 0426 463 330 435 284 301 115 271 127
45 90 122 0287 480 632 268 0920 3.50 219 283 151

Note; W.S.: Wood species of nuki, w,, b,: see Fig.1, M.C.: Moisture content, p: Density, ARW:
Annual ring width, o, Compressive stress perpendicular to the grain at the proportional limit, £.g):
Compressive Young's modulus perpendicular to the grain, Ave.: Average, S.D.: Standard deviation,

Si: Shirakashi, K: Kuri, H: Hinoki
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Table 6. Characteristic values of compression test of R type

, M.C. P ARW  ep90 E o
Type W.S. (m;n) (%) (kg/m®) (mm) (N/mm?) (N/mm?)
Ave. S.D. Ave. SD. Ave. SD. Ave. S.D. Ave. S.D.
12 11.8 0323 936 403 472 1.53 143 470 473 137
Si 18 12.1 0772 946 17.7 541 221 159 298 478 103
24 123 0420 928 21.5 526 255 132 265 344 36.6

Rs 12 133 0371 546 374 399 112 397 0429 160 333
K 18 129 0518 543 283 446 106 453 0.799 181 21.6
RI 24 132 0.677 551 364 385 0987 433 0.678 152 36.2

12109 0597 434 393 326 0.759 4.09 0.841 216 82.0
H 18 10.7 0350 425 104 223 0452 3.09 0490 156 6.40
24 102 0229 437 142 284 0909 444 0324 187 6.46

Note; W.S.: Wood species of reinforcement, b,: see Fig.1, M.C.: Moisture content, p: Density,
ARW: Annual ring width, g.,0: Compressive stress perpendicular to the grain at the proportional
limit, E.: Compressive Young's modulus perpendicular to the grain, Ave.: Average, S.D.:
Standard deviation, Si: Shirakashi, K: Kuri, H: Hinoki

Table 7. Result of correlation analysis between the value of the
characteristics of the moment tests of N type

Wy bn
Type (l'I]ITl) (mm) Mmax My KI KZ K3
60 T 0.865%* 0.861** 0.614** 0.824** (.703**
E.o 0.839%* 0.851** 0.558* 0.841** 0.821**
30 75 oo 0919%% 0.883% 0323 0.022%% 0.850%*

N Eop 0.910%% 0.883%% 0328 0.928%* 0.830%*

g0 oo 0932%% 0.940% 0432 0.909%* 0.574*
E.pp 0.913%% 0.928% 0439 0.878%* 0.609%*
Gopoo 0.789%F 0.717%%  -0.001 0.732%% 0.794%*
E.p 0.853%% 0.697* 0.094 0.858%* 0.850%*

45 90

Note; w,, b,: see Fig.1, M,,,: Maximum moment, M,: Yield moment, K: First
stiffness of rotational moment, K,: Second stiffness of rotational moment, K;:
Third stiffness of rotational moment, 6,00 Compressive stress perpendicular
to the grain at the proportional limit, E.o: Compressive Young's modulus
perpendicular to the grain, *: Significant at the 5% level, **: Significant at the
1% level

Table 8. Result of correlation analysis between the value of
the characteristics of the moment tests of R type

Type br Mmax Mv K] K2 K3
(mm) :

1 Tw 0.623 0613 0336 -0.101 -0.18
E.o 0519 0597 0290 -0.098 -0.040

Rs 18 O 0470 0811** 0242 0480 -0.203
E.pe 0453 0.800%* 0270  0.527 -0.220

5y e 0645 0433 0343 0650 -0.570
Eu.e 0543 0391 0218  0.720% -0.555

1 Taw 0.673 0.714%% 0175 0210 0.030

E.p 0543 0570  0.168 0364 -0.174

RI 18 a0 0667F 0578 0157 0631  0.704*
E.p 0.659 0570 -0.205 0.603  0.742*

sy T 0.916%% 0.791%  0.691% 0.913* 0792
Eopp 0.923%%0.937%% 0592  0.707+% 0.845%*

Note; b,: see Fig.1, M,,: Maximum moment, M,: Yield moment,
K,: First stiffness of rotational moment, K,: Second stiffness of
rotational moment, K3: Third stiffness of rotational moment, G9:
Compressive stress perpendicular to the grain at the proportional limit,
E.9: Compressive Young's modulus perpendicular to the grain, *:
Significant at the 5% level, **: Significant at the 1% level
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Characteristic values of rotational moment resistance performance
of a nuki-column joint reinforced with hardwood
-Proposal of post-yield evaluation method and grasping relationships
between the joint performance and the compression perpendicular
to the grain performance of the materials-

Hiroto SUESADA "*, Kohta MIYAMOTO ", Tatsuya SHIBUSAWA ",
Masahiro INAYAMA ? and Kenji AOKI”

Abstract

The purpose of this study is to accumulate of knowledge of nuki-column joint using hardwood with a small
cross section in order to expand the demand for hardwood that has excellent mechanical performance as a building
construction material. A nuki-column joint is one of the traditional Japanese timber joints. This joint consists of
a small beam, called nuki, and a column. The authors conducted moment-resistance tests of nuki-column joints
using hardwood as a whole or part of the nuki, and grasped the effect and performance of using hardwood at the
joints. In this report, the relationships between the moment-resistance performances of the joints with hardwood
as reinforcements and the compression perpendicular to the grain performances of the reinforcements were shown.
In addition, these relationships were compared to the ones between the moment-resistance performances of the
hardwood-nuki and column joints and the compression perpendicular to the grain performances of the nuki. On the
other hand, to quantitatively evaluate the rigidity of the post-surrender, we proposed a simple tri-linear replacement
method for the test results. As a result, the relationship between the moment-resistance performance of the joint that
had the hardwood 24 mm thickness reinforcement over entire length of nuki and the compression perpendicular to
the grain performance of the reinforcement had the same tendency as the relationship between the moment-resistance
performance of the joints with whole-hardwood nuki and the compression perpendicular to the grain performance of
the nuki. In addition, from the characteristic values calculated by our method, we were able to grasp the difference in
the joint behavior after the yield point depending on the length of the reinforcements.

Key words: nuki-column joint, performance of rotational moment resistance, hardwood, reinforcement, correlation
analysis, and evaluation method
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