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Abstract— Precast concrete systems represent an efficient 

alternative for building construction. The behaviour of a 

precast system depends on connections and it should be 

modeled properly in the computational models for analysis 

and design. The connections between precast members 

normally constitute the weakest link in the structure, and the 

satisfactory performance and economy of precast concrete 

structures depend to a great extent on the proper selection 

and design of the connections. Due to inadequate guidelines 

most designers assume the beam-column connection as 

perfectly hinged connection which leads to unexpected 

behaviour of the structure. In this paper an attempt is made to 

resolve this problem by considering the connection as semi-

rigid i.e. the actual behavior of connection is modeled 

discretely to allow limited rotation at the joint. The beam-

column connection is allowed with an amount of rotation in 

accordance with experimental work presented in research 

papers.  The complex behavior of beam-column sub-

assembly is counteracted using frame elements with linear 

links. A 4-storey building is modeled with in SAP2000 and 

compared with the monolithic building for linear static and 

dynamic analysis. The models are subjected various 

earthquake Time Histories i.e. Bhuj, Parkfield, and El Centro 

so as to cover all the parameters. The results of Top 

Displacement, Base Shear and Storey Drift are compared for 

the four models. It concludes that the Top displacement and 

Storey Drift increases whereas Base Shear decreases for 

precast building as compared to monolithic RCC structure. 
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I. INTRODUCTION 

A Precast Structure consists of large units jointed by 

connections whose function is to transmit compressive, 

shear or tensile forces or bending moment (possibly 

combination from one unit to another). The force 

distribution in the system and the deformation of its 

structural elements and joints under different actions 

depend, to a large extent, on joint deformability and on the 

mode of assembly of the system. Its overall bearing capacity 

depends mainly on its strength of joint components. It is 

liable to possible progressive collapse as a consequence of 

accidental failure of the one of the bearing element. The 

advantages of precast include reduced requirement of 

formwork and scaffolding and less reliance on wet concrete. 

It has been observed that the savings in formwork, 

scaffolding, and wet concrete in precast construction are 75, 

75-90, and 90%, respectively, compared with cast in situ 

concrete construction [1].  

Precast structures are suitable for construction, and 

are superior in terms of homogeneity of the concrete, 

dimensional precision and quality of the surfaces; they may 

also, in principle, be lighter in terms of dead load [2]. 

A. Precast Concrete 

In a relatively short period of time, precast concrete has 

become a very important material of framing structures. The 

wide application of this technique is based on the 

advantages of prefabrication such as the reduction in 

construction time, quantities of materials and manpower and 

the improvement of the quality of the products. Construction 

with precast concrete can proceed almost independently of 

weather conditions. All these eventually result in a reduction 

of cost and better working conditions for the building 

operatives.  

 Precast concrete has several features which are 

desirable in a building material, including tight quality 

control in a production plant, multiple times use of same 

forms and speed of erection.  

B. Seismic Issues 

In seismic regions the situation is complicated by the need 

to design for dynamic loading. Most philosophies of seismic 

design demand that the structure possess toughness and 

ductility, because economics prohibit designing a structure 

to remain elastic even for moderate earthquake motions. 

Furthermore, ductility is essential for providing some 

protection against the effects of an unexpectedly large 

earthquake.  

C. Connections 

If the system consists of precast elements joined by suitably 

located cast-in-place joints, satisfaction of the prescriptive 

detailing requirements may be possible. From a regulatory 

point of view the structure may then be considered to be a 

cast-in-place one, and the behavior may also be expected to 

be similar. This approach is referred to as “emulation” and 

enjoys widespread use.  

 Initially when the precast industry grew up it was 

unaware of seismic threats especially in low seismic activity 

regions, and so connection details were developed which 

were most strongly influenced by criteria such as ease of 

assembly and price. These conditions are most easily 

fulfilled by “dry” connections consisting of welds, bolts, 

etc., and such connections continued to be favored by the 

industry.  

Dry connections in a precast structure usually 

constitute discontinuities of strength and stiffness which can 

be expected to attract deformations and damage during an 

earthquake. This concentration increases the local ductility 

demand and unless the connection details are carefully 

designed, their ductility capacity is likely to be inadequate. 

The research needed to develop dry connections suitable for 

seismic resistance has not been done. Precast structures must 

possess “equivalent lateral force resistance and energy 

absorption capacity” so that the design rules for reinforced 

concrete, developed for cast-in-place construction may be 

used. 
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Fig. 1: Isometric view of the Dywidag Ductile Connector 

system (DCC). 

 
Fig. 2: A view of the shear transfer mechanism. 

II. LITERATURE REVIEW 

R. Apostolska et al [3] observed that critical point which 

defines behavior of precast buildings under cyclic loading is 

connections. The experience gathered from the past 

earthquakes together with existing analytical and 

experimental investigations are not sufficient enough to 

explain their seismic behavior. Therefore, experimental 

investigations of existing beam-column dowel connections 

were carried out by Slovenian researchers at the University 

of Ljubljana. In parallel, analytical investigations of 

nonlinear behavior of the above beam-column connections 

under earthquake loading were realized at UKIM-IZIIS, 

Skopje. Based on the investigations, the numerical model 

for connection behavior was proposed in his research. He 

presented results from experimental and analytical research 

of the obtained response parameters for different types of 

beam-column connections under seismic action. 

Tiong et al [4] asserts that it is both impractical and 

uneconomical to design a structure that remains elastic 

throughout severe ground motions. The main seismic design 

philosophy of a fixed-base structure is that minor structural 

damages are acceptable as long as the structure does not 

collapse. They presented finite element analysis carried out 

to investigate the feasibility of applying locally produced 

elastomeric rubber bearing base isolators in seismically 

isolating non-ductile precast concrete wall structures from 

earthquake excitations. The precast wall structures were 

analyzed in terms of in-plane and out-of-plane isolation 

effects due to dynamic lateral loads. The results showed that 

although the base isolator had successfully reduced most of 

the critical structural responses such as floor acceleration 

and base shear demand, relative inter-story drift reduction as 

compared to fixed-base structure was not significant.  

A. Bellari, M. Torquati, P. Riva [5] used 

Displacement Based Assessment – DBA to consider the 

moment-curvature and force-displacement relationship of 

typical precast connections, beam to column and column to 

foundation, to estimate the system equi-viscous damping as 

a function of rotational and translational ductility of the 

structural elements and connections. The DBA procedure is 

applied to a three storey precast concrete frame and 

validated by means of nonlinear incremental dynamic 

analysis. 

Dionysios A. Bournas, Paolo Negro, Francisco J. 

Molina [6] carried a full-scale three-storey precast building 

was tested under seismic conditions at the European 

Laboratory for Structural Assessment in the framework of 

the SAFECAST project. The unique research opportunity of 

testing a complete structural system was exploited to the 

maximum extent by subjecting the structure to a series of 

pseudodynamic (PsD) tests and by using four different 

structural layouts of the same mock-up, while 160 sensors 

were used to monitor the global and local response of each 

layout. Dry mechanical connections were adopted to realize 

the joints between: floor-to-floor, floor-to-beam, wall-to-

structure; column (and wall)-to foundation and beam-to-

column. Particular emphasis was given to the seismic 

behavior of mechanical beam–column connections, as well 

as to the response of floor diaphragms. Two types of beam-

to-column connections were investigated experimentally, 

namely hinged beam–column connections by means of 

dowel bar and emulative beam–column joints by means of 

dry innovative mechanical connections. 

III. MODELING 

The 3D frame model represents G+4 storey, five bay 

symmetric RC and precast frames. The columns have a 

square cross-section with dimensions 450X450mm and are 

designed with concrete class M30. The beam is designed 

with rectangular shape with width 300mm and depth 

450mm. The grade of concrete is M30 & that of steel is 

Fe415. The column height is 3.2m and the span of the beam 

is 4.4m. The modeling and analysis of the 3D frame has 

been performed using the finite element method and 

SAP2000v16 (Structural Analysis Program - Wilson and 

Habibullah, CSI, Berkley University, California). The 

analytical model of the 3D frame is presented in Fig. 3 & 4. 

 
Fig. 3: Analytical model showing 3D view. 
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Fig. 4: Analytical model showing 2D Elevation. 

The complex behavior of beam-column sub-

assembly is counteracted using a Link element from the 

SAP computer program elements library [7]. A Link 

element is a two-joint connecting link. Precast Building is 

modeled for rotation at Beam-Column joint. The rotation 

was measured to an equivalent moment by using Moment-

Rotation Diagram [5]. The model is subjected to various 

earthquake time histories i.e. Bhuj, Parkfield, and El Centro 

so as to incorporate all the parameters. 

IV. ANALYSIS AND RESULTS 

Free Vibration Analysis was carried out on the above 

modeled structures and Fundamental Natural time period 

was determined to be 0.3947sec for RCC structure, 

0.3841sec for Precast Structure(Emulative Joint),  3.0597sec 

Precast Structure(Pinned Joint), whereas for  Precast 

Structure(Pinned Joint with X-Bracing) has 0.4735sec. Time 

History Analysis is carried on structure to know and 

compare the seismic behavior of the four structures. Time 

History of Ground acceleration is the most accurate means 

of representing earthquake actions. The record of previous 

earthquake ground motions present is applied to the 

structure. Each earthquake record is unique having different 

peaks, duration and dominant period. For the present study, 

a set of three representative ground motion records have 

been considered i.e. Bhuj (2001), Parkfield (2004) and El 

Centro (1940). 

Sr. 

No. 
Earthquake 

Duration 

(Sec) 

Peak 

Ground 

Acceleration 

Dominant 

Period 

(Sec) 

01 Bhuj 85 0.38g 0.5 

02 Parkfield 10.05 0.85g 6.5 to 8.5 

03 El-Centro 53.76 0.34g 0.2 to 0.65 

Table 1: Characteristics of the Ground Motion Records 

The G+3 RCC and Precast structures modeled were 

applied to each time history subsequently. The results of 

analysis of Base Shear, Storey Displacement and Maximum 

Drift are presented in the following tables. It is to be noted 

that earthquake is applied in X-direction only due to 

symmetry of the structures considered the corresponding 

values of result of Base Shear, Storey Drift and Top 

Displacement is given only in X-direction.  

Sr. 

No. 
Time History RCC Structure 

Precast Structure  

(Emulative Joint) 

Precast Structure 

(Pinned Joint) 

Precast Structure 

(Pinned Joint with  X-Bracing) 

01 Bhuj 1.1706 X 103 0.5703 X 103 0.388 X 103 1.400 X 103 

02 Parkfield 9.9868 X 103 6.7669 X 103 2.491 X 103 9.919 X 103 

03 El-Centro 7.9348 X 103 2.9377 X 103 2.469 X 103 6.319 X 103 

Table 2: Base Shear for different Time Histories 

Sr. 

No. 
System 

Floor 

Level 

Storey Displacement (mm) 

Bhuj Earthquake Parkfield Earthquake El Centro Earthquake 

01 RCC Frame 

1 2.73 11.52 9.61 

2 4.24 18.27 15.01 

3 5.33 22.65 19.04 

4 5.9 24.76 21.21 

02 
Precast Frame 

(Semi-Rigid Joint) 

1 1.98 9.2 6.62 

2 3.68 15.53 12.3 

3 4.93 20.98 16.46 

4 5.61 24.76 18.78 

03 
Precast Frame 

(Pinned Joint) 

1 17.48 36.1 107.71 

2 18.06 47.21 225.44 

3 22.69 43.05 305.95 

4 30.42 54.79 361.82 

04 
Precast Frame  

(Pinned Joint with X-Bracing) 

1 3.36 13.33 16.82 

2 5.63 21.13 28.85 

3 7.24 27.71 37.64 

4 8.07 31.56 42.22 

Table 3: Storey Displacement for Different Systems 

Sr. 

No. 
Time History RCC Structure 

Precast Structure 

(Emulative Joint) 

Precast Structure 

(Pinned Joint) 

Precast Structure 

(Pinned Joint with  X-Bracing) 

01 Bhuj TH 1.85 1.69 17.28 2.77 

02 Park field TH 7.00 7.52 35.21 9.71 

03 El Centro TH 6.55 5.68 117.73 14.01 

Table 4: Maximum Storey Drift in mm 
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V. CONCLUSION AND DISCUSSION 

In free vibration analysis it is found that the time period is 

maximum for Precast Structure (Pinned Joint) compared to 

other Precast & RCC Structures. The flexibility of the 

Precast Structure is increased by considering the Beam-

Column Joint as semi-rigid and pinned jointed respectively. 

In Time History Analysis it is found that due to increased 

flexibility of the Precast Building compared to RCC 

building the Top Displacement is increased whereas the 

Base Shear has decreased. The base shear is least for Precast 

Structure (Pinned Joint).  The Maximum Storey Drift in the 

Precast Structure (Pinned Joint) is almost fifteen times 

greater than the average of other three structures. This is due 

to weak rotational stiffness of the joints in case of Precast 

Structure (Pinned Joint). The excessive Story Drift of 

Precast Structure (Pinned Joint) can be curtailed effectively 

by use of X- bracing. Further studies can be undertaken to 

assess the most compatible structure to be used with respect 

to safety & economy.  
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