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DEFORMATION CAPACITY OF DOG BONE TIMBER-STEEL HYBRID CONNECTIONS
WITH BOTH SIDE FLANGES FIXED BY LAG SCREWS
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Kenichi HAYASHI Hiroyasu SAKATA and Toru TAKEUCHI

The effect of shear force on the historic properties of timber-steel hybrid connections between an H-shaped steel and a laminated timber was investigated, and
several bending tests of monotonic and cyclic loading were conducted for two different cross-sectional dimensions of the joint with both side flanges fixed by
lag screws. Little significant effect of the shear force was observed, and the proposed connections were found to have ideal fracture behavior, stable hysteresis

properties and superior plastic deformation capacities.
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Table 1 List of regular section property

Dog bone part Hybrid connection Timber M, ofthe | M, ofthe
model name Steel Steel Pinus sylvestris | dogbone | timer-steel | Remarks
(LY225) (SN400) (E105-F300) | part (kNm) | joint (kNm)
W1200400 | BH-750x200x12x19 | BH-1200x400x12x36 4001200 969 1620 Type-1
W1200350 | BH-750x175x12x19 | BH-1200x350x12x32 3501200 891 1507
W1200300 | BH-750x150x12x19 | BH-1200x300x12x25 3001200 813 1367
W1100350 | BH-680x175x12x19 | BH-1100x350x12x32 3501100 774 1308
W1100300 | BH-680x150x12x19 | BH-1100x300x12x28 300x1100 704 1208
W1100250 | BH-680x125x12x19 | BH-1100x250x12x22 2501100 633 1095
W1000300 | BH-625x150x12x19 | BH-1000x300x12x28 3001000 623 1052
W1000250 | BH-625x125x12x19 | BH-1000x250x12x25 2501000 558 957
W1000200 | BH-625x100x12x19 | BH-1000x200x12x22 200%1000 493 825
W900350 BH-550%230x9%16 BH-900%350x9x36 350900 579 978
W900300 BH-550x160x9x16 BH-900x300x9x25 300900 444 767
W900250 BH-550%130x9x16 BH-900%250x9x22 250900 387 708
W800300 BH-500%200x9x16 BH-800%300x9x32 300800 460 772
W800250 BH-500%150x9x16 BH-800%250x9x25 250800 373 633
W800200 BH-500x100x9x16 BH-800x200x9x19 200800 286 480
W700300 BH-440x200x9x12 BH-700x300x9x28 300700 319 540 Type-2
W700250 BH-440%130x9x12 BH-700%250x9x22 250700 238 452
W700200 BH-440%100x9x12 BH-700%200x9x19 200700 204 343
W600250 BH-375x165%6x12 BH-600%250x6x22 250600 204 350
W600200 BH-375x110x6x12 BH-600%200x6x16 200600 150 250
W600150 BH-375x80x6x12 BH-600x150x6x 14 150600 120 205
W500250 BH-320x150%6x12 BH-500x250x6x22 250500 155 262
W500200 BH-320%100x6x9 BH-500%200x6x 14 200500 94 158
W500150 BH-320x100x6%6 BH-500%150x6x12 150x500 75 137
W400200 BH-250%100x6x9 BH-400%200x6x 14 200x400 67 112
W400150 BH-250x80x6x6 BH-400x150x6x12 150400 46 93 Type-3
W400120 BH-250%60%6x6 BH-400%120x6x12 120x400 39 83
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(b) Resistance components of fiber parallel direction
Fig.3 Mechanism of resistance to bending
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Table 2 Material characteristics
N - Bending youngs | Flexural | Moisture | Specific
(crf;ss';iiz) Composition | Strength grade ) stength | coment | gravity
Glued Ey (kNm’) | o, (N/mm’) (%) )
laminated Douglas fir Symmetrical < <
b 75<360) diferent grade || E105°F300 553 111 053
Douglas fir Symmetrical
(120<600) | difrentgrade | E1OSF300 49.5 103 0.54
) Young's Tensik strength| Yield strain | 262K
Element Material modulus elongation
E (N/mn') o, W) | £, (%) 24 (%)
PL6 SM490 1.93x10° 520 021 37.1
Stecl PLY SM490 196+10° 527 021 20
PLI6 SM490 2.04x10° 525 0.19 235
PL2S SM490 2.05%10° 502 0.17 310
Dog bone LY225 1.84x10° 289 0.12 51.9
O
Horizontal
displacement
-]
K
N I O G [ Y-S N
6@{
—soe——-f---d-—Heel |/ ——
s &
ls
Fig. 7 Rotation angle measurement plan
Table 3 Specimen size Positive direction [
. MD360 = ; ; i 1/15
Unit: mm | MD600 MS360 & Ol
CD360 = g
Lo 3000 2000 1720 & m A A n
L., 2875 | 1900 ] ANAARARAY i VV
L.s 2830 1856 s : V
= |1/600 1/150 1/75 1730 |
] 11
Les 2025 | 1360 ] 160 | 8 1200 1100 i150f i
ler 1120 660 660 Negative direction | 1/10
Loy 530 290 Step
les 300 10 | 37 Fig. 8 Loading protocol
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Table 4  Summary of experimental results
(MD600, MD360, CD360)
Mo 6, Omax
(rad) (rad)
(kNm) positive | negative positive | negative
No. | 1346 1/165 123
MD600 No.2 134.8 1/145 121
Average 134.7 1/154 122
No. 1 54.5 1/159 117
MD360 No.2 54.0 1/184 1/14
Average 543 1/170 1/15
No. 1 53.8 1/293 -1/220 1/54 -1/59
No. 2 56.6 1/296 -1/203 1/56 -1/57
CD360
No. 3 54.7 1/325 -1/221 1/58 -1/56
Average 55.0 1/304 -1214 1/56 -1/57
Table 5 Summary of experimental results (MS360)
K, M, M,
(kNm/rad) (kNm) (kNm)
Experimental value 3.19x10* 85.2 119
Coefficient of variation 0.092 0.056 0.043
Lower torelance limit 3.05x10* 70.1 103
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Fig. 13  Comparison of numerical and experimental results
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Fig. 15  Fluctuation in evaluation value
Table 6  Evaluation value of each method
K, (kNm/rad) M, (kNm) M, (kNm)
Experimental result 3.23x10* 85.2 119
. - 4
Method 1 Considering shear force 2.93x10 107 141
No shear force 3.09%10* 108 144
. - 4
Method 2 Considering shear force 3.38x10 66.9 100
No shear force 3.20x10* 77.1 116
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It is difficult to construct a rigid frame structure without seismic walls and bracing because of the difficulty in
ensuring the strength and rigidity of the joints. In the previous paper, dog bone timber-steel hybrid connections,
which consist of a dog bone part and a timber-steel hybrid connection that transfers the bending moment of the
laminated timber beam to the steel, is proposed. The proposed connection has enabled the realization of a
structure with sufficient strength, stiffness and toughness, but the deformation capacity of the connection has
not been studied for another cross-sectional dimensions. In this study, based on the previous evaluation equations,
an analytical method to derive the history of the M-q relationship by increasing the angle q of the core of the
laminated wood to the H-shaped steel of the wood-steel joint, taking the shear force and a single neutral axis
calculation were performed to obtain the rotational stiffness Kw, the yielding bending moment My, and the
ultimate bending moment Mu of the timber-steel hybrid connection. The validity of the shear force evaluation
method and the effect of shear force on the hysteresis properties of the timber-steel hybrid connection are
discussed. Four different test specimens (MD600, MD360, CD360 and MS360) are fabricated for the proposed
connection with both flanges fixed by lag screws to increase the stiffness and strength of the wood-steel joints.
The MD600 is 600 mm height of glued wood and has two bodies with monotonic loading, and the MD360 is 360
mm height of glued wood and has two bodies with monotonic loading. The CD360 is 360 mm height of glued wood
and has three bodies with cyclic loading. The MS360 is strength tests of timber-steel hybrid connections, which
is 360 mm height in glued wood and has three bodies with monotonic loading. From the joint bending tests, the
hysteresis properties and plastic deformation capacity of the proposed connections with dog bone are verified,
while the stiffness and holding strength of the timber-steel hybrid connection are verified. As results, the following
conclusions are obtained:

1) In the joint bending tests, it was confirmed that the dog-bone part plasticized while wood part is in elastic
range for all the test specimens with dog-bones (MD600, MD360, CD360), and that the dog-bone portion was
stable and had an excellent plastic deformation capacity exceeding the plasticity ratio of 5. In the MS360 test
case, the strength of the wood joint was superior to that of the dog-bone in both stiffness and flexural strength.

2) A new evaluation method that takes into account the shear forces on the wooden joints is proposed and it is
confirmed that the proposed method can roughly reproduce the hysteresis properties of the joints. It was
confirmed that the proposed method was able to simulate the historical properties of the joints in general,
although the effect of shear forces was not so great and the flexural strength of the joints could be reduced by

shear forces.
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