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Study on progressive collapse resistance sensitivity of fully assembled precast
concrete frame structures based on Pushdown analysis
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Abstract: In this paper the nonlinear static Pushdown method and the sensitivity analysis method were utilized in
the process of progressive collapse evaluation of the multi-story precast concrete ( PC) structures influenced by the

uncertain parameters. Firstly the numerical analysis was conducted in OpenSees program based on the static test
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results of a fully assembled PC structure with the dowel rob joint connections. The analysis results revealed that
both of the calculated load-displacement relationship and failure patterns were well agreed with the test results.

Meanwhile the parametric study was conducted according to the test failure mode of dowel rob and it was revealed
that the secondary progressive collapse performance of PC structure was effectively improved via employing the dow—
el rob with larger diameter or shear strength. Secondly a 4-span 7-story fully assembled PC structure and rein—
forced concrete ( RC) were built in OpenSees based on the calibrated model and the Pushdown analysis was con—
ducted for the residual structure with middle/exterior column loss scenario respectively. Meanwhile totally 15 un-—
certain parameters (i.e. load conditions material properties specimen dimensions etc.) were selected to con—
duct the sensitivity analysis based on the Tornado method. the calculation results has revealed that the ultimate
loading capacity of PC structure at compressive arch action was approximately 18.5% and 22. 8% times lower than
the corresponding RC structure under the two scenarios respectively. Meanwhile the uncertain parameters of rebar
yielding strength concrete compressive strength dead loads live loads and cross-section of beam rebar has placed
an important in the progressive collapse resistance mechanism of PC structures. However the discreteness influence
of concrete elasticity modulus cross—section of column rebar rebar elasticity modulus cross-section of stirrup and
beam width was relative lower of the structural performance which can be ignored during the structure design pro—
gress.

Key words: fully assembled precast concrete frame structure; reinforcement concrete frame structure; progressive

collapse; Pushdown analysis; sensitivity analysis
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Fig. 1 View of prototype structure (unit: mm)
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Fig.2 Dimensions and reinforcement information of tested moment frame sub-structures ( unit: mm)
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Table 1 Reinforcementdetails of tested specimens
8T16 4T18 — R6@50/100 R6@50/100 —
8T16 4T18 4T14 R6@50/100 R6@50/100 R6@40
T R
3 1 2 3
o 3 kN
5 kN, o
5 min N o
2.2
OpenSees o
Concrete02 Concrete01
Jos & Ju &,
; 0.1 0.125
o K Concrete02
o Steel02 Menegotto Bauschinger
E, . Sy b
3 o E. /, b 1%
R, cR, ¢R, 10.0.925 0.15,
3
Fig.3 Constitutive relationship of finite element materials
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Fig.4 Macrooint of the finite element model
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Fig.5 Constitutive relationship ofmacro—oint zone
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Fig. 6 Calculated load-displacement relationship of mid-column
— 7 :
7
Fig.7 Calculatedlateral displacement of exterior joint
2.4
20 mm PC1
25 mm pCc2 20 mm (10.9 ),
- 8 °
PC1
102.6 kN PC 12.9%; PC2 120. 8 kN
PC 33.7% - PC1 113.3 kN 22.1%:;
pC2 135.9 kN 6.5% »
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Fig.8 Calculation results of optimized PC sub-structure
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element multi-story structure model
1~7 9
2 o
2
Table 2 Parameters of concrete model
fo (N/mm?)  f, (N/mm?®) £ &y fo (N/mm?®) £, (N/mm?) £o &y
29.76 0 0.002 0.004 35.15 7.03 0.002 0.017
29.76 0 0.002 0.004 31.69 6.34 0.002 0.009
3.2 Pushdown
DoD (1.2D +0.51) % D 0
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Fig. 10  Loading mechanism under two failure conditions
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Fig. 11  Pushdown analysis results of RC and PC structures
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Table 3 Load coefficient and vertical displacement of limit state
@ ('mm) a ('mm)
RC 1.962 132.2 2.352 2000
PC 1.656 260.7 1.609 2000
RC 1.912 152.1 2.014 2000
pPC 1.557 260.7 1.256 2000
4
4.1
Pushdown Tornado
0 32 -36
15 4 o Tornado Pushdown
2x15+1=31 . Pushdown
4
Table 4  Probability distribution statistics of uncertain parameters
( kN/m) 7.50 0.100 Normal
(kN/m) 5.00 0.100 Normal
(kN/m) 2.00/0.5 0.470 Lognormal
( MPa) 23.4 0.130 Normal
( GPa) 31.3 0.077 Normal
( mm) 20 3.000 Lognormal
( MPa) 452. 1 0.093 Beta
( GPa) 200.0 0.033 Normal
( MPa) 339.0 0.070 Beta
( mm?) 314.0 0.040 Modified
(mm?) 314.0 0.040 Normal
(- mm?) 50.2 0.040 Normal
(mm) 6 000 0.003 Normal
( mm) 300 0.012 Normal
( mm) 500 0.013 Normal
4.2
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Fig. 12 Pushdown analysis results of RC structure
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Fig. 13 Tornado analysis results of RC structure
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Fig. 14  Pushdown analysis results of PC structure
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Fig. 15 Tornado analysis results of PC structure
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Table 5 Results of parametric study under middle ( exterior) column loss scenarios

A, (%) A, (%)
( MPa) 0.344 68 20.83 ( MPa) 0.193 56 12.63
( MPa) 0.301 81 18.25 ( MPa) 0.145 34 9.54
( kN/m) 0.292 13 17.64 ( kN/m) 0.138 08 8.91
( kN/m) 0.253 82 15.32 ( kN/m) 0.127 29 8.34
( mm?) 0.069 89 5.13 ( mm?) 0.084 01 5.48
( mm) 0.011 35 0.69 ( mm) 0.009 63 0.63
( mm*) 0.008 39 0.51 ( mm?) 0.005 13 0.33
( mm?) 0.003 67 0.22 ( mm?) 0.003 60 0.23
( GPa) 0.003 48 0.21 ( GPa) 0.002 72 0.18
( GPa) 0.003 41 0.21 ( GPa) 0.002 12 0.14
OpenSees - -
Pushdown ; Tornado
(1) OpenSees o
(2) o
o 12. 9%
33.7% ,
(3) PC
Pushdown o
18.5% 22.8% ;
(4) \ s
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