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1. Introduction

With increasing population and necessary of building construction in the least time, we need to use the precast
structures. However, due to some problems, the precast industry has not reached to its whole potential yet. The main
problem is due to their precast concrete connections. The reduction factor is an important factor in linear analysis
that indicates inelastic behaviors of structure such as resistance and ductility in nonlinear stage. In spite of many
studies to obtain reduction factor of monolithic structures, we have a little information about this factor in precast
ones. So determining this factor is necessary for this type of structures. In this research, dual precast systems in four,
six and eight stories with three and five bays were investigated. The effect of one type of typical beam to column
connection and two types of horizontal and vertical panel connections were evaluated. Nonlinear static pushover in
three forms of triangular, uniform and modal was applied. The results indicate precast concrete dual systems could
have reduction factor equal to or more than equivalent in-situ dual systems.

2. Methodology
2.1. Precast connections

In this research, three different popular connections were used. The first one is semi rigid beam to column
connection. The end of beam sits on the concrete corbel or steel angel in precast beam to column connection. At this
stage, the connections are assumed to be hinged, but after installation, these connections can transfer moments with
regard to their relative rigidities. “Welded plate” beam to column connection that presented by Elliot et al. [1,2] was
used in this research. This connection is widely used in precast industry. The second is related to horizontal joint of
panels. This connection has been used by Soudki et al. [3] and typically used by the American and Japanese precast
concrete industries. Continuity of this structure is established by NMB sleeves. The third one is vertical joint of
panels. This connection has been suggested by Chakrabarti et al. [4]. Plain joints, keyed joints and shear key joints
were generally used in their research. Shear key joints were reinforced and commonly used. The strength of the
joints was increased by the shear keys in combination with transverse reinforcements projecting inside the joints.

2.2. Studied models

Three and five bay frames in four, six and eight story were evaluated in this research. It was assumed that
investigated structures have no torque and out-of-plane buckling, so they were modeled as 2D frames (Fig. 1.). Push
over analysis was applied in three forms:

1. Uniform distribution: the lateral force at a floor is equal to the mass of the floor, i.e. S = m; where m; is the mass

and S}‘ is lateral force.
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2. Triangular distribution: the lateral force at a floor is computed by S = m;h; wherem; is the mass and h; is the

height of the j"" floor.

3. MRSA distribution: the lateral force is proportional to force obtained from response spectrum analysis. This
distribution shall be used when the period of the fundamental mode exceeds 1.0 s. The number of the required
modes should contain at least 90% of the total building mass.
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Fig. 1. (a) Schematic view of evaluated precast dual system, (b) modeling of precast frame in software

3. Results and discussion

The results illustrated that by increasing the height of frames, the ductility reduction factor is increased (because
of the increase of period) and the over strength factor behaves inversely. Table 1 indicate the reduction factors of
precast dual system for 4 stories and 3 bay frames. As shown in Table 1, the results of three analyses are close; but
the results of uniform and MRSA analyses are more associated. The reduction factors of precast frames were
evaluated greater than ones of monolithic frames. Obtained ductility by wall joints in precast systems is the main
reason of this behavior. By increasing the number of stories, the values of reduction factors for precast and
monolithic frames was getting close; and results indicated that with increasing the number of the bays, reduction
factor decreased.

Table 1. Reduction factors and related parameters for 4 story and 3 bay frame

Number  distribution T, A, A, u R, Q R
i uniform 0.163 2.24 11.15 4.98 2.74 2.17 5.94
story triangular 0.162 2.22 11.04 4.98 2.74 2.28 6.24
MRSA 0.163 2.24 11.20 5.00 2.74 221 6.06

4. Conclusions

Precast structure is a structure with semi-rigid connections. Semi-rigid precast connections have great effect on
seismic behavior of such structures. Therefore, using the reduction factor of in-site structures for precast ones is not
appropriate. In this research, the reduction factor of precast concrete structures with one kind of semi-rigid
connection was evaluated and compared with equivalent in-site structures. The results indicated that:

1. The reduction factor for dual precast systems is limited to 5.94-7.08 which is increased by increasing the number
of stories.

2. Dual precast systems with precast semi-rigid connections have the reduction factors equal to or more than the
ones of monolithic frames.
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