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3- Steel billet
4- Welded plate
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1. Introduction

With increasing population and necessity 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. Hence, determining this factor is necessary for this type of structures. In this research, moment resistant
precast systems in 4, 6 and 8 stories with 3 and 5 bays were investigated. The effects of two types of typical beam to
column connections were evaluated. Nonlinear static pushover in three forms of triangular, uniform and modal was
applied. The results indicate that precast concrete moment frames have reduction factor less than equivalent in site
moment frames.

2. Methodology
2.1. Precast connections

In this research two different popular moment frame connections were used. In the first type, the end of beam
sits on the concrete corbel and in the second type steel angel connects precast beam to column. 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” and “steel billet” beam to column connections that presented by Elliot et al.
[1, 2] were used in this research. These connections are widely used in precast industry (for details see Fig. 1).

A 'L projecting bars for temporary stability

top fixing cleat full penetration fillet weld
precast beam

thin plate
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Fig. 1. Steel billet and welded plate connections
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2.2. Studied models

A set of 3 and 5 bay frames in 4, 6 and 8 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. 2). Applied push over
analysis is 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}f is lateral force.

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

height of the j floor.

3. MRSA distribution: the lateral force is proportional to obtained force from response spectrum analysis. This
distribution shall be used when the period of the fundamental mode exceeds from 1.0 s. The number of the required
modes should contain at least 90% of the total building mass.

section A-A or B-B

section C-C or DD

G
(a) (b)

Fig. 2. (a) Schematic view of evaluated precast dual system, (b) modeling of precast frame in software

3. Results and discussion

The results showed that by increasing the height of frames, the ductility reduction factor is increased (because of
increasing period) in two connections and the over strength factor behaves inversely in steel billet and increased in
welded plate connection. Tables 1 and 2 indicate the reduction factors of precast moment frames casted respectively
by steel billet connection and welded plate connection for 4 story and 3 bay frames. As shown in Tables 1 and 2, 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 less than ones of monolithic frames.

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

Number distribution T, (8) A, (cm) A, (cm) H R, Q R
4 story uniform 0.998 58.16 185.52 3.19 3.24 1.43 4.63
triangular 0.974 54.30 181.92 3.35 3.39 156 5.29
MRSA 1.006 63.25 186.60 2.95 3.01 1.48 4.45

Table 2. Reduction factors and related parameters for 4 story and 3 bay frame for welded plate connection frame

Number distribution T, () A, (cm) A, (cm) H R, Q R
4 story uniform 0.936 79.22 171.12 2.16 2.22 1.46 3.24
triangular 0.915 74.48 169.08 2.27 2.33 1.46 3.40
MRSA 0.942 79.66 172.08 2.16 2.22 1.47 3.26

4. Conclusions

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

1. Reduction factor for precast moment frame is limited to 3.85-4.33.
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2. Moment frames with precast semi rigid connections have the reduction factors less than ones of monolithic
frames.
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