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CYCLIC ELASTO-PLASTIC DEFORMATION CAPACITY OF DOG BONE
TIMBER-STEEL HYBRID CONNECTIONS
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Hiroaki HARADA, Ryo SAITO, Shun NAKAJIMA,

Yoshihiro YAMAZAKI, Yuki TERAZAWA, Kenichi HAYASHI,
Hiroyasu SAKATA and Toru TAKEUCHI

In order to create a timber-based frame without the need for walls and braces, the authors have proposed and researched a
moment frame that uses steel materials for columns, and timber materials for beams, as well as the its joining method. Here, we
propose timber-steel hybrid joint with a steel dog bone to achieve stable energy absorption. The mechanical properties were
determined by cyclic loading tests using test specimens at a 1:2 scale. Experimental and theoretical values of rotational stiffness

and strength of the joints obtained from testing were compared in order to propose an appropriate numerical model.
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Fig. 3  Resistance mechanism against negative bending
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of each specimen and photo at the end of loading
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Table 2  Experimental values of neutral axis of each test body
WH700 H700 WHS500
Positive | Negative | Positive | Negative | Positive | Negative

Neutral axis [3] 391 377 285 448 386 417
position ) 247 273 290 419 294 364
X, (mm) [©) 395 087 155 238 353 437
o Avernge | 344 312 243 368 311 406
@ 0.026 | 0304 | 0461 | 0.110 | 0422 | 0.106

Variation @ 0.090 | 0.185 | 0.089 | 0.049 | 0264 | 0.119
coefficient &) 0461 | 0.072 | 2259 | 0985 | 0232 [ 0.137
o Overall 1199 | 0290 | 0.925 | 04se | 0321 | 144
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Table 3 ~ Comparison of experimental and evaluation values
of proof stress and rotational stiffness
Dog bone part WH700 H700 WHS500
Yield strength Evaluation value 43.4 43.4 43.4
(kKNm) Experimental value 40.3 46.9 40.6
Uttimate strength Evaluation vahe 60.8 60.8 60.8
(KNm) Experimental value T84 79.8 78.7
Rotational stiffness Evaluation value 7.36 7.36 7.36
«10" (KNm/rad) Experimental value 6.02 6.31 6.17
Tinber-sicel o WH700 H700 ‘WH500
Sogresicel comection, Paositive | N Positive | Negative| Positive | Negative
Yiekd strength (kKNm) Evaluation value 75.4 47.5 75.4 47.5 65.7 355
Ultimate strength (kNm) |  Evaluation value 113 71.3 113 71.3 98.6 53.3
Rolational stiffiess Evaluation value 242 1.40 2.42 1.40 1.87 1.07
x10* (kNmv/rad) Experimental value|  3.70 2.25 2.74 1.70 1.83 0.66
Coeflicient of variation CV (-) 0.109 | 0.053 [ 0303 [ 0.118 | 0.293 | 0.199
Table 4  Comparison of experimental value and evaluation value
of neutral axis position X,
H700 WH500
WH700
Before crack| After crack |Before crack| After crack
Experiental value | positive | around 400 | 300 ~ 400 | -400 ~ 200 | 350 ~ 400 | around 200
{mm) negative | 250 ~ 350 | around 400 | 450 ~ 500 | 350 ~ 400 | around 450
Evaluation value | positive 432 432 303
(mm) negative 308 308 251
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Table 5 Rotational rigidity used for 2 spring model analysis

Experimental value (KNmvrad) Evaluation value (kNm/rad)
Dog bone part 6.02x10" 7.36x10"
Timber-steel connection 3.70x10° 2.42x10°
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In recent years, utilization of timber-based materials for low-rise non-residential buildings has been actively promoted for
environmental considerations, advances in timber design, and the development and support of new laws. However, compared
with other structural materials, it is difficult to secure the rigidity and strength of joints in timber-based structures, so additional
seismic elements such as shear walls and braces are typically required. Therefore, in this study, a moment frame without the
need for such seismic elements was developed. The proposed frame is a hybrid structure that uses steel for the columns and
wood materials for the beams, whilst ensuring good overall toughness. A timber-steel hybrid joint (where the timber and H-
shaped steel are connected by lag screws and a steel dog bone) is used. The dog bone at the ends of the beam bends at an early
stage to avoid damage to the timber. This is expected to improve seismic energy absorption performance comparable to that of
a steel rigid joint at the beam ends.

The fracture behavior and mechanical properties were verified through cyclic bending tests of 1:2 scale partial specimens of
the proposed joint. Subsequently, equations for evaluating the rotational stiffness and strength of the joint were proposed. The
results of the experiment were reproduced using the obtained values from the equations. Finally, detailed example of a timber-
steel frame model and a steel frame mode! were designed by using the joint rotational stiffness obtained from the experiments.
Nonlinear response history analysis was undertaken based on the Ai distribution and artificially generated seismic waves (BCJ-
L1 and L2). The seismic performance comparison of the two models was performed using time-history analysis, and the
feasibility of the timber-steel hybrid structure building was verified.

The following shows the findings and results obtained in this study:

1) In the testing of the proposed timber-steel hybrid beam-to-column joint specimens, the dog bones yielded before the
laminated timber joint in all tests, and a stable elasto-plastic bending moment-rotation angle relationship was obtained. While,
it was confirmed that slip failure may occur depending on the lap length and the presence or absence of wedges.

2) The proposed equations for evaluating the rotational stiffness of bonded timber joints and dog bones gives an error of
20% compared to the experimental values. The behavior of the non-linear rotating spring-loaded wire rod model with the
estimated value of rotational stiffness showed reasonable agreement with the experimental results.

3) In the test specimen with a wedge and a wrap length, the theoretical maximum strength of the steel lap was higher than
the experimental maximum strength of the dog bone. The experimental results showed that the laminated timber was almost
intact, and the validity of the yield strength evaluation formula was confirmed.

4) It was confirmed that the timber-steel frame model can be designed with a smaller floor weight and stiffness in earthquake
design than the steel frame model, and the timber-steel frame model could suppress the maximum response inter-story drift

angle in the time history response analysis than the steel frame model.
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