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Experimental Studies on Efficient of Joint with Glued Plywood Gussets
Report 1-Part 2. Fundamental Tests for Joints with
Glued Lauan-Plywood Gussets
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Table 1. Construction and some properties of lauan plywood
Modulus of
Construction {mm)

. elasticity EI EA
Nominal Measured (Ratio) gra;vxty E
% (100 kg/cm?) (103kg-cm?) (103kg)

Thickness, ¢ (mm) Specific

3 3.20 07 16 08 0.59 124 0.34 39.7
L 2
6 6.11 14 32 15 059 108 2.05 66.0
(L 2 @
9 934 15 23 17 21 17 059 108 7.33 100.9
() (15 (1) (15 (1)
12 1251 19 31 20 31 22 054 82 13.38 102.6
(L) (15) (1) (L5 (1)
15 15653 25 40 25 40 25 059 83 25.91 1289
(1) (L5 (1) (L5 (1)

(Remarks) E: in bending, I: moment of inertia when width is 1 cm, A: area of cross section
when width is 1cem.
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Table 2. Results of test in
Gusset Gusset M(idulus of Flex&lral 0r=10 ( 0r-30 |
Specimen thickness length elasticity rigidity (1) @ L (3) @ 38)
No. t a E EI"  Exp. Cal. @ %10 Exp Cal @) %10
(mm) (cm) (103kg/cm?) (108kg-cm?)(10-3cm/10kg) (%) (10-3cm/10kg) (%)
3-T-1 3 15 96.8 5.06 74.3 1070 694 29.8 445 67.0
3-T-2 3 15 100.1 5.73 715 945 757 26.8 42,5 63.1
3-T-3 3 175 92.5 4.84 61.9 1119 553 237 46.5 51.0
3-T-4 3 175 129.0 5.63 63.8 962 66.3 28.3 40.0 70.8
3-T-5 3 20 94.8 472 60.6 114.8 52.8 19.6 477 41.1
3-T-6 3 20 96.0 496 616 1092 564 194 454 427
6-T-1 6 15 99.7 5.17 74.4 104.8 710 275 435 63.2
6-T-2 6 15 112.0 5.84 68.5 92.8 70.0 25.8 385 67.0
6-T-3 6 175 92.4 484 590 1119 527 201 465 43.2
6-T-4 6 175 109.7 571 53.3 949 562 19.1 394 485
6-T-5 6 20 95.9 492 52.3 110.1 475 166 457 36.3
6-T-6 6 20 86.7 492 524 110.1 47.6 160 457 35.0
9-T-1 9 15 105.4 5.42 68.3 999 684 267 415 64.3
9-T-2 9 15 114.3 5.96 65.2 90.9 682 25.1 378 66.4
9-T-3 9 175 112.8 5.86 59.1 924 640 198 384 51.6
9-T-4 9 17.5 101.2 5.27 64.9 1028 63.1 22,4 427 525
9-T-5 9 20 107.5 5.19 55.4 1044  53.1 17.2 434 39.6
9-T-6 9 20 1075 5.76 52.1 940 554 163  40.2 40.5
12-T-1 12 15 102.3 5.36 75.6 101.1 74.8 282 420 67.1
12-T-2 12 15 121.0 6.29 63.6 86.1 739 240 3568 52.6
12-T-3 12 175 113.2 5.89 56.5 92.0 61.4 184 38.2 575
12-T-4 12 175 100.6 5.23 61.5 1036 594 204 430 474
12-T-5 12 20 108.7 5.50 484 98.5 50.9 152 409 37.2
12-T-6 12 20 109.6 5.70 49.1 95.0 51.7 159 45.0 39.8
15-T-1 15 15 105.1 5.46 68.4 99.2 645 234 412 56.8
15-T-2 15 15 126.6 6.62 57.3 81.8 700 235 340 69.1
15-T-3 15 17.5 108.1 5.63 52.5 96.2 546 180 400 45.0
15-T-4 15 175 1140 5.96 535 90.9 589 169 378 447
15-T-5 15 20 113.1 5.76 47.7 940 507 140 391 35.8
15-T-6 15 20 110.8 5.65 495 95.9 51.6 158 39.8 39.7
(Remarks) &,-10: deflection at 10 cm from loading point, d,-30: do at 30cm, S’: distance

from loading point to apparent rigid joint calculated from measured deflection,

sfs: allowable stress intensity in bending for short time service, 180 kg/cm?,

A: shearing failure in the glue line between the main member and the gusset
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(51 i’ h % #)
tensile loading condition
s Ulltimate Mmox Modulus
oad (5) 6 (5) of rupture _0s Type of
dr=10 Or=30 max Exp. Ca)l. IGRe 100 os sf failure
(cm) (kg) (10°kg-cm) (%) (kg/em?)
53.8 554 1925 8.17 12.03 67.9 395 219 A
55.2 55.6 223 947 13.83 68.5 455 252 A,F,D
50.9 52.6 242 10.27 11.59 88.6 492 2.73 A
51.3 525 260 11.04 16.18 68.2 528 2.93 B
49.6 50.6 220 9.34 11.38 82.1 467 2,59 A,F
50.3 49.3 222 9.42 11.98 78.6 453 2,62 A,F
54.2 54.7 223 9.47 12.42 76.2 456 253 A
54.8 55.4 254 10.78 13.97 772 519 2.86 A
486 51.3 312 13.24 11.59 114.2 633 351 B
50.6 52.1 296 12.57 13.70 91.8 604 3.35 B
48.1 495 261 11.08 11.79 94.0. 540 3.00 A,F,B
46.8 48.3 275 11.67 10.61 1100 565 3.14 A
53.6 54.9 232 9.85 12.96 76.0 480 2.67 A
54.3 55.2 221 9.38 14.30 65.6 450 2.50 A
525 52.2 252 10.70 14.07 76.0 515 2.86 A
52.3 52.8 260 11.04 12.63 87.4 531 2,95 A
49.7 50.3 276 11.72 13.29 88.2 579 3.22 A
50.4 50.7 285 12.10 13.22 915 590 3.28 A
55.0 55.4 190 8.07 12.80 63.0 387 2.15 B
54.8 55.4 220.5 9.36 15.09 62.0 450 2.50 A
519 52.0 285 12.10 14.12 85.7 582 3.23 A
514 51.9 288.5 12.25 12.57 975 589 3.26 B,A
48.6 49.7 296 1257 13.22 95.1 620 3.44 A
493 50.4 282 11.97 13.45 89.0 586 3.25 A
53.7 53.6 259.5 11.02 13.10 84.1 531 2.94 D,A
53.9 56.0 240 10.19 15.85 64.3 489 2.71 A
50.1 514 290 12.31 13.52 91.9 591 3.28 A
51.2 51.3 332 14.09 14.28 99.9 675 3.75 A
49.0 494 300 12.74 13.83 92.1 625 3.47 A,D
493 50.3 312 13.24 13.56 97.6 649 361 A

plate or their neighbourhood, B: shearing failure in the glue line of gusset plywood or

its neighbourhood, C: bending failure in the main member, D:
main member, E: buckling of the gusset plate, F:

shearing failure in the

tension failure of the gusset plate.
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#—3 A 5 = 23
Table 3. Results of test in

Gusset Gussiﬁ Modulus of Flexural 0r=19 Or=20 &
Specimen thickness lengt elasticity rigidity " 2 1) (3) 4 B
No. t a E EI Exp. Cal. @)% 100 Exp. Cal. @)% 100
(mm) (cm) (10%kg/cm?) (106%kg-cm?) (10~3%cm/10kg) (%) (10-3cm/10kg) (%)
3-C-1 3 15 84.2 441 95.2 1228 775 334 51.0 65.5
3-C-2 3 15 107.3 5.59 81.8 96.9 844 311 40.3 772
3-C-3 3 17.5 87.2 452 88.7 1198 74.0 313 49.8 629
3-C-4 3 17.5 107.6 5.64 80.4 96.0 83.8 25.7 39.9 64.4
3-C-5 3 20 91.6 5.62 625 - 964 648 19.7 40.0 49.3
3-C-6 3 20 93.2 4.67 65.1 1160 56.1 21.8 479 455
6-C-1 6 15 97.0 5.10 79.6 106.2 75.0 30.1 4.1 68.3
6-C-2 6 15 112.6 5.84 75.6 928 815 28.3 38.5 735
6-C-3 6 17.5 106.9 5.43 59.4 99.8 595 195 41.4 471
6-C-4 6 175 1094 5.70 66.1 95.0 69.6 21.6 39.5 54.7
6-C-5 6 20 107.8 543 58.9 99.8 59.0 18.6 414 449
6-C-6 6 20 106.6 5.46 60.8 99.2 613 20.2 41.2 49.0
9-C-1 9 15 101.0 5.23 825 1036 796 30.1 43.0 70.0
9-C-2 9 15 111.3 5.81 75.6 932 811 23.2 38.7 59.9
9-C-3 9 17.5 99.3 5.18 735 1046 703 234 434 53.9
9-C-4 9 175 114.0 5.96 67.2 909 682 225 37.8 59.5
9-C-5 9 20 108.8 4.99 527 1086 485 17.2 45,1 38.1
9-C-6 9 20 104.2 5.01 52.6 108.1 487 16.2 449 36.1
12-C-1 12 15 101.3 529 75.0 1024 732 276 42.5 64.9
12-C-2 12 15 116.5 6.11 731 887 824 26.5 36.8 720
12-C-3 12 17.5 103.5 541 69.2 100.1 69.1 21.7 41.6 64.9
12-C-4 12 17.5 112.7 5.88 64.6 921 701 22.0 38.3 574
12-C-5 12 20 105.0 548 514 988 520 15.7 411 38.2
12-C-6 12 20 107.4 548 52.1 98.8 527 16.7 41.1 414
15-C-1 15 15 103.4 5.39 744 1005 740 24.2 41.7 58.0
15-C-2 15 15 109.2 5.65 74.3 959 775 25.6 39.8 50.3
15-C-3 15 17.5 113.1 5.92 704 915 76.9 22.7 38.0 59.7
15-C-4 15 17.5 114.0 5.96 545 90.9 60.0 18.6 37.8 492
15-C-5 15 20 93.7 450 65.4 1206 542 16.0 50.1 31.9
15-C-6 15 20 129.4 5.99 474 904 524 15.0 37.6 39.9

See remarks in table 2.
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(FE ¥ %
compressive loading condition
N Ultimate Minox If\/Iodulus
load (5 (6 (5) of rupture _&s Type of
Or=10 0r=30 Prmax Ex)p. Ca)l @X 100 ab Sfb failure
(cm) (kg) (10%kg-cm) (%) (kg/cm?)
55.9 55.4 116 492 10.55 46.6 235 131 E
575 56.6 136.5 5.79 13.41 43.2 278 145 E
54.7 54.8 153 6.49 10.86 59.8 313 1.74 E
56.4 54.6 148 6.28 13.48 46.6 303 1.67 E
52.8 52.3 148 6.28 11.22 56.1 308 1.67 E
50.6 55.6 155 6.58 11.06 56.0 232 1.85 E
56.0 51.8 238 10.10 12.13 833 485 2.69 B,D
56.1 56.1 279 11.84 14.02 845 570 317 E
515 54.9 256 10.87 13.29 81.8 524 291 C,D
53.7 53.2 315 13.37 13.68 97.7 641 3.56 E
51.2 51.1 286 12.14 13.05 93.0 602 3.33 A
51.7 52.1 306 12.99 13.12 99.0 634 352 A
56.5 55.7 233 9.89 12.56 78.7 477 3.37 B
56.3 54.3 248 10.53 13.89 75.8 505 2.81 B
54.0 53.4 340 14.43 12.42 116.2 693 3.84 B
54.7 54.4 329 13.97 14.38 97.8 669 3N A
481 50.0 275 11.67 13.13 88.9 580 3.22 A
480 49.1 313 13.29 12.62 105.3 658 3.66 B
54.8 55.5 228 9.68 12,70 76.2 463 257 B
56.9 56.4 283 12.01 14.58 824 576 3.19 B,A
56.8 52.7 368 15.62 12.96 1205 748 4.15 B, A
54.0 53.8 352 14.94 14.09 106.0 717 3.98 C
49.1 49.6 283 12.01 13.14 91.4 576 3.24 A,D
49.9 50.0 348 14.77 13.15 112.3 723 4,01 A
54.7 53.7 311 13.20 12.90 102.3 634 352 D,B,A
55.6 549 272 11.55 13.63 847 555 3.08 A
55.0 544 3785 16.07 14.15 113.6 770 4.27 C
52.0 52.3 348 14.77 14.29 103.4 707 3.93 D
54.1 48.3 445 15.32 11.02 139.0 782 4.34 A
49.2 49.7 361 18.88 14.84 127.2 988 5.49 B
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Fig. 2. Ratio of experimental deflection to calculated one.

(a) Effect of plywood thickness for each dimension of the plate.
(b) Effect of gusset dimension for each thickness of the plate.
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Fig. 3. (a) Relation between joint efficiency and plywood thickness
for each dimension of the plate.
(b) Relation between joint efficiency and gusset dimension
for each thickness of the plate.
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1) BB E: ARrey  ERECIIMEEFHRCETIVE (B1W) cr AR ey
T BEWRR. AT, 25-1, 85-106, 1968,
2) BAREYS: ARERHES . DEN HRREES, 1061

Summary

Aka-Ezomatsu (Picea glehni) laminated wood and lauan plywood were used for
the main members of specimen and the gusset plates with the side length (a) of 15,
175 or 20 cm, respectively. The angle of meeting two members was 90° and the
flexural rigidities (EI) of the main members were about 55X 10° kg-cm?.
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The results of the test are summarized as follows:

1) The deflection measured was always less than the calculated one.

2) For the maximum bending moment, the gusset plates of 6 mm or more thick
plywood had sufficient joint efficiency for every area of the plates in compressive load
condition. In tensile load condition, also the gusset plates of 3 mm plywood had
efficient stiffness and strength when the side length of the plate was 17.5 cm or more
long.

3) Lauan plywood can be effectively used for the gusset plate as well as Shina-
plywood.



