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Abstract: To study the progressive collapse of prefabricated reinforced concrete (RC) frame struc-
tures, six 1/4 scale frame substructures were designed and tested by fast removing columns. The influ-
ence of several parameters, such as the span to depth ratios of frame beams, the splicing joint posi-
tions as well as prestress, on the dynamic collapse performance was investigated. Experimental results
show that at the frame beam ends and in the regions of post-poured concrete of the splicing joints for

the prefabricated frames appeared a few cracks after the middle column failed. The maximum dynamic
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displacement response of the monolithic RC frame substructure was smaller than that of the prefabri-
cated frame substructure with the same beam span. After prestress was applied on the frame beams of
the prefabricated segments, the dynamic impact of collapse load on the prefabricated frame increased ;
however, the dynamic responses, including the maximum dynamic displacement and the strain of the
longitudinal reinforcing bars at the beam ends, reduced instead. Compared with the monolithic RC
frame substructure, the failure of the middle column caused more damage to the prefabricated frames.
When the splicing joints of the prefabricated segments moved towards the frame column, the maxi-
mum dynamic displacement responses of the prefabricated frames increased. The maximum dynamic
increase factors of the displacement and the strain of the reinforcing bars at the beam ends for the pre-
fabricated substructures were 1.39 and 1.62, respectively, which may provide a reference for the deter-
mination of the dynamic increase factor of collapse load when the static collapse analysis is conducted
on prefabricated RC frame structures.

Keywords: prefabricated frame structure; progressive collapse; collapse response; dynamic character-
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Fig.1 Schematic diagram of the prototype structure
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Fig.2 Dimensions and reinforcement of the specimen S3
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Table 1 Design of the specimens

a1 //mm L,/ hy Fm
S1 2 600 12.0 BRI
S2 2 300 10.5
S3 2 600 12.0
S4 2 900 13.5 T il 26 fic
S5 2 600 12.0
S6 2 600 12.0

T < L4, R Ry 53 590 D RE 08 () 85 2 o 5 A 42 5

R2 WMEHNZE R

Table 2 Mechanical performance of the reinforcing bars
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mm /%
MPa MPa MPa
HPB300 8 378.0 573.2 1.9X10° 10.5
HRB400 12 443.2 593.6 2.0X10° 124
HRB400 16 470.3 604.0 2.0X10° 14.1
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Fig.3 Schematic diagram of the splicing steel plates
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Fig.4 Schematic diagram of the splicing joints
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Fig.5 Diagram of specimen assembly
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Fig.6 Mechanical pattern of the specimen S3 after column

demolition
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Table 3 Dynamic displacement responses

s Ay me/ MM A,/mm DIF,
S1 17.9 12.7 1.41
S2 16.2 12.7 1.27
S3 26.3 23.9 1.02
S4 63.6 60.0 1.06
S5 31.5 22.7 1.39
S6 17.4 13.1 1.33
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Fig.7 Time history curves of vertical displacement at the

middle column
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Table 4 Dynamic strain responses of reinforcing bars at

LR1
NG Emx X 107° £, X107° DIF
S1 1650 876 1.88
S2 1876 1327 1.41
S3 1367 1157 1.18
S4 2018 1710 1.18
S5 1392 942 1.48
S6 909 560 1.62
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Table 5 Characteristic values of acceleration at the mid-

dle column WA g
WA TF 1] ds K AH 1] de K AH
S1 2.43 —2.98
S2 1.52 —2.33
S3 1.26 —1.52
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Table 6 Fundamental frequency and damping ratios of

the specimens

- HW/ Hz FHJE EE

il EE A il R 11 S N 114
S1 15.4 7.0 0.014 0.016
S2 20.6 7.0 0.012 0.015
S3 16.8 5.9 0.008 0.014
S4 16.6 3.9 0.011 0.020
S5 17.8 5.4 0.011 0.031
S6 18.3 6.2 0.011 0.031
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