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STATIC AND DYNAMIC BEHAVIOR OF
BOLTED TIMBER JOINTS WITH
STEEL SPLICE PLATES
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It is well understood that the overall cyclic or dynamic responses of a wooden structure is a function of the per-
formance of its connections. Ductile structures and structures containing ductile connections perform much better
during seismic events that the timber structure having brittle joints. In timber structures, the earthquake energy
is dissipated under several mechanisms such as internal friction, friction between structural and non-structural
elements, and inelastic deformation of structural members (damages). However, large amount of this energy dissi-
pation is mainly contributed through nonlinear load-deformation of their mechanical connections where the lateral
loads are transmitted by bearing stress developed between the steel fasteners and the wood members. In areas that
can anticipate very high earthquake intensities, an effort to increase the damping capacity of bolted timber joints
will greatly reduce the amount of dissipated energy at other structural and non-structural members. This increase
can be carried out by means of fastener pre-stressing. Extended yield model proposed in this study and test re-
sults of steel to timber joints under some different pre-stress levels show that bolt pre-tensioning largely increases
the jdint slip resistance at initial loading. Joint pre-stressing which is implemented by applying axial pre-tension
force to the steel fasteners is expected to increase hysteretic damping capacity and cyclic properties of the joint,
besides to increase the joint load-carrying capacity. These improved properties are required to be verified both
experimentally and numerically by considering more reliable loading schemes: cyclic or dynamic loads.

Pre-stressed joints, which were obtained by applying 20 kN of axial pre-tension force to each steel fastener, and
non-pre-siressed timber joints were tested under quasi-static cyclic loadings and via shaking table. Both joints
were subjected to applied moment until failure. Pre-stress level on wood member of the pre-stressed joint was
approximately equal to 1.6 MPa, which is about 90 percent of the allowable long-term edge-bearing stress of
spruce species. In the cyclic test, effects of fastener pre-tensioning on hysteretic damping, cyclic stiffness, moment
resistance and ductility of the joints were quantified. The seismic performances of both joints were examined
through a series of shaking table test under some selected ground motions. A part form this shaking table test, a
single-degree-of-freedom oscillator model was developed to numerically analyze the dynamic responses in which
the joint stiffness was governed by a trilinear-skeleton hysteretic curve obtained from the cyclic test. Dynamic
equilibrium equation of the model was solved by using step-by-step integration method with linear acceleration
during time interval and constant viscous damping assumptions. Besides these cyclic and shaking table tests, stress
relaxation measurement was conducted for about one year since the initial pre-stressing to evaluate the long-term

effectiveness of this joint pre-stressing.
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Hysteretic damping or the area enclosed by a hysteretic loop of the pre-stressed joints was several times greater
than that of the non-pre-stressed joints. Hysteretic damping of the non-pre-stressed joints decreased as the number
of cyclic load increased and its reduction occurred with a greater rate when the joints were cycled at higher rotation
levels. On the other hand, the hysteretic damping of the pre-stressed joints during initial and final cycles was not
much different. Equivalent viscous damping ratio of the non-pre-stressed joints decreased sharply as the cyclic
rotation level increased and it was essentially caused by narrowing of the hysteretic loop at rotations close to zero
points. While the equivalent viscous damping ratio of pre-stressed joints remained fairly constant for all cyclic
rotation levels tested in this study. Frictional damping due to frictional action among the joint members greatly
increased the equivalent viscous damping especially in the case of pre-stressed joints. Within a given rotation
level, the continuously reversed cycles caused the stiffness to decrease from the initial cycle to the final cycle.
Remaining inelastic slip component of irrecoverable embedment of wood beneath the steel fastenings during
previous cycles was a potential reason toward this stiffness degradation, which was also manifested through the
decrease of moment resistance. By increasing the number of cycles, moment resistance of the non-pre-stressed
Jjoint decreased exponentially and finally stabilized after four or five cycles. Moment resistance degradation of the
pre-stressed joint however occurred almost linearly up to the final cycle with a lower degradation rate than that of
the non-pre-stressed one.

Examination of dynamic properties of both joints in the shaking table tests confirmed the increase of frictional
damping capacity and dynamic stiffness of the pre-stressed joints. Applying a pre-stress level of 1.6 MPa changed
the viscous damping ratio of the joint from 6.59% to 9.40% and increased the dynamic stiffness of the joint by
112.5%. Frictional resistance among the joint components and increased friction between wood fibers, both of
which are associated with transverse compression of the joint, contributed to the increase of vibration energy
absorption. Under the ramped-acceleration motion, the moment-rotation relationship of the joint obtained form
the shaking table test was almost similar to that attained by the cyclic test. Moment-rotation relation at the initial
excitation indicated that less joint rotation was found in the pre-stressed joints than that in the non-pre-stressed
joints for the same magnitude of moment resistance. Moreover, sudden increase of time-history responses caused
by stiffness degradation of the joints was more substantial for the non-pre-stressed joints. When the applied
moment exceeded the upper limit of interlayer slip, additional damping was potentially contributed since the
experimental joint rotation did not grow rapidly. This additional damping was potentially due to pinching that
isolated the mass of the oscillator model from high peak ground acceleration,

After being exposed to in-door environment condition for about one year since the initial pre-stressing, the average
residual stress of the pre-stressed joints reaches a value of 0.23. This residual stress increases to 0.66 when the
joints are re-stressed twice after three months and six months. Although large decrease of pre-tension force is
found due to relaxation, the hysteretic damping of the joints without re-stressing is still relatively higher than
that of the non-pre-stressed joints. Significant frictional damping contributed by the frictional resistance among
the joint components is found to be proportional to the fastener residual stress. Based on the simulated stress
relaxation curve, which is developed according to the four-element relaxation model, residual stress of the joints
is negligible after five years if re-stressing is not applied. Without a regular re-stressing program therefore initial
pre-stressing effect must not be considered in practice. However, about 20 percent of pre-stress level can be
rationally expected when re-stressing is carried out annually. This small residual stress has significant effect on
the cyclic performances of the joints; increasing the equivalent viscous damping from 0.08 (equivalent viscous
damping the non-pre-stressed joints) to 0.18. In addition, this remaining pre-stress might be sufficient to keep the
joint members close or in contact to each other so that the frictional damping caused by the secondary fastener

axial force can effectively be facilitated at the early stage of joint deformation.
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