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Abstract 

 

Reinforced concrete and steel structures are designed with consideration of 

seismic loads. Steel frame is a viable alternative to a shear wall when designing or 

retrofitting reinforced concrete frames for seismic loads. The standard for the 

seismic performance design was enacted in 1988 in Republic of Korea. Seismic 

design criteria currently used in several countries such as KBC 2009. However, 

most of the building constructions made prior to 1988 does not have the seismic 

design. In this paper, the research has been made on the school structures 

constructed with reinforced concreted prior to 1988 using the steel frame 

reinforcement.  

 

Keywords: Seismic performance, Reinforcement concrete, Steel frame, School 

buildings, Prestress 

 

1 Introduction 
 

The standard for the seismic performance design was enacted in 1988 in 

Republic of Korea. In building design codes, buildings having less than 3 stories 

and a floor area less than 1000m2 in Republic of Korea are generally exempted 

from seismic requirements.  

The idea of using steel frames as lateral resisting elements in RC frames has 

received some attention in recent years. The earlier works concentrated either on 

external bracing of the RC frames [1] and [2] or on indirect internal bracing 

through intermediary steel frames [3] and [4]. Kwon and colleagues showed the 

efficiency of the directly connected steel frame/RC frame systems in resisting the 

seismic loads and improving the seismic performance of the system [5]. 

 

2 Experimental Programs 
 

Table 1 and Figure 1 show the test variables and specimen details. These three 

specimens have identical dimensions and longitudinal reinforcement details.  

 

Table. 1 Test Variable 

Specimen 

name 

Retrofitting 

method 
Prestress 

Column reinforcement 

details Connection 

details Longitudinal 

bars 

Stirrup 

BF - X 8-D10 D6@120 - 

PSR-A 
Steel frame 

Pre-stressed 
O 8-D10 D6@120 Anchor bolts 

PSR-S 
Steel frame 

Pre-stressed 
O 8-D10 D6@120 Shear key 
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Fig. 2 (a), (b), (c) and (d) showed the details of specimens. Three specimens 

were experimentally investigated in this study. There was a steel frame without a 

BF, and the other steel-frame specimen that were strengthened by PS (prestress).  

The test specimens were prepared using the reinforced concrete model having the 

non-seismic performance details and the model which is equipped with the steel 

frame reinforcement. The steel frame reinforcement models were further 

classified into the anchor connection and shear key connection type according to 

the introduction of PS.  

A fully reversed cyclic displacement-controlled load was applied quasi-static 

to the top of the walls as shown in Fig. 3 while the wall was being subjected to a 

constant axial load throughout the test. Lateral loads were imposed by a 

top-loading block using a 1000-kN hydraulic actuator. It is then able to exert 

forces onto the top steel strong frame in both directions (positive direction and 

negative direction). The displacement of all the specimens was controlled to 

follow similar load and displacement histories with progressively increasing 

amplitude. 

 

 

Fig. 1 Details of specimens 

 
 

(a) Details of specimens (b) Specimen BF 

  

(c) Specimen PSR-A (d) Specimen PSR-S 
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Instrumentation was provided to measure the load, displacement and strain at 

critical locations. Quasi-static displacement-controlled cyclic loading was used as 

shown in Fig. 4. The displacement load was applied through a loading arm over 

the specimen, and was increased by approximately 0.1% of the drift ratio in each 

loading step. The rotational angle is defined as a lateral drift divided by the length 

of the column. For each loading amplitude, two same-angle consecutive cycles 

were applied to evaluate strength and stiffness degradations. The same loading 

sequence was used in all tests.  

 

3 Experimental Results 
 

The maximum strengths of the specimens are summarized in Table 2. Figure 5 

shows the relationship between the load and hysteric loops. The first specimen BF 

was positive maximum load of 31.83kN occurred after 51.12mm (3.93% rotation 

angle) of lateral displacement and negative maximum load of 29.48kN occurred 

after 39.52mm (3.04% rotation angle) of lateral displacement. The second 

specimen PSR-A was positive maximum load of 236.59kN occurred after 

32.30mm (2.48% rotation angle) of lateral displacement and negative maximum  

 
 

Fig. 3 Test set-up Fig. 4 Loading History 

Table. 2 Maximum strength 

Specimen 

Maximum strength 

Positive 

loading 

Displacement 

(rotation 

angle) 

Negative 

loading 

Displacement 

(rotation 

angle) 

Compari

son 

Ratio 

(BF/Spe

cimen) 

BF 31.83kN 
51.12mm 

(3.93%) 
29.48kN 

39.52mm 

(3.04%) 
- 

PSR-A 236.59kN 
32.30mm 

(2.48%) 
223.16kN 

25.88mm 

(1.99%) 
7.43 

PSR-S 222.13kN 
32.12mm 

(2.47%) 
213.71kN 

30.90mm 

(2.38%) 
6.98 
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load of 223.16kN occurred after 25.88mm (1.99% rotation angle) of lateral 

displacement. The third specimen PSR-S was positive maximum load of 

222.13kN occurred after 32.12mm (2.47% rotation angle) of lateral displacement 

and negative maximum load of 213.74kN occurred after 30.90mm (2.38% 

rotation angle) of lateral displacement. In addition, average maximum strength of 

PSR-A and PSR-S specimens were 7.43 and 6.30 times higher than those of 

specimen BF, respectively.  

A graph of the applied load versus the specimen rotational angle is shown in 

figure 5. The specimen BF did exhibit any stable spindle-type hysteretic loop. 

However, the other specimens PSR-A and PSR-S did not exhibit any stable 

spindle-type hysteretic loops.  

Figure 6 shows the normalized stiffness characteristics of specimens BF, 

PSR-A and PSR-S. PSR-A and PSR-S specimens were sudden decreases in 

stiffness during the first and final cycles at rotation angle of about rotation angle 

(6.0%).  

 Figure 7 shows the dissipated energy characteristics of specimens BF, 

PSR-A and PSR-S. At a first number of cycle rotation angle 0.15%, cumulative 

energy values were equal to 0.0096kNm, 0.161kNm and 0.070kNm for 

specimens BF, PSR-A and PSR-S respectively. For the number of cycle rotation 

angle 4.0%, the cumulative dissipated energy of specimens BF, PSR-A and PSR-S  

 

  
(a) Specimen BF (b) Specimen PSR-A 

 

(c) Specimen PSR-S 

Fig. 5 Hysteretic response 
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were 3.749kNm, 54.171kNm and 51.579kNm, respectively. The cumulative 

dissipated energy of specimens PSR-A and PSR-S were 11.21 and 13.30 times 

higher than those of specimen BF, respectively. 

 

4. Conclusion 
 

Base on the observation of test results, the average maximum strength of 

specimens BF, PSR-A and PSR-S were 30.66kN, 229.88kN and 227.92kN 

respectively. In addition, average maximum strength of PSR-A and PSR-S 

specimens were 7.43 and 6.30 times higher than those of specimen BF, 

respectively. PSR-A and PSR-S specimens were sudden decreases in stiffness 

during the first and final cycles at rotation angle of about rotation angle (6.0%).  

For the number of cycle rotation angle 4.0%, the cumulative dissipated energy of 

specimens BF, PSR-A and PSR-S were 3.749kNm, 54.171kNm and 51.579kNm, 

respectively. The cumulative dissipated energy of specimens PSR-A and PSR-S 

were 11.21 and 13.30 times higher than those of specimen BF, respectively 
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Fig. 7 Dissipated energy Characteristics 
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