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Progressive collapse is defined as a phenomenon with spread of an
initial local failure from an element to another and leads to collapse of
an entire structure or a disproportionately large part of it. To assess
structures against progressive collapse, using linear and nonlinear
static analyses and nonlinear dynamic analysis based on permitted
guidelines. Performing nonlinear static analysis with proper Dynamic
Increase Factor (DIF) can be a suitable method of approach as
opposed to nonlinear dynamic analysis to predict structural response.
Therefore, guidelines suggest various formulas to calculate DIF for
different kinds of structures. These formulas depend only on
maximum acceptable ductility of the critical member and to obtain
these, some approximations due to regression and analysis type
occur. In this research, three dimensional structures and all the rigid
connection details of beam to column and pinned connection details
of beam to beam were modeled in Abaqus. The real DIFs were
obtained for three locations of corner, perimeter and middle column
removal using pulldown method and compared to the ones suggested
by the guidelines. The results revealed that there were differences
between obtained DIFs from dynamic pulldown analysis and
suggested guideline DIFs and these differences were more in specific
ratio of plastic to yield rotations.
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EXTENDED ABSTRACT

Introduction

Progressive collapse is defined as a phenomenon with spread of an initial local failure
from an element to another and leads to collapse of an entire structure or a
disproportionately large part of it. To assess structures against progressive collapse, using
linear and nonlinear static analyses and nonlinear dynamic analysis is permitted by
guidelines. Performing nonlinear static analysis with proper Dynamic Increase Factor (DIF)
can be a suitable method of approach as opposed to nonlinear dynamic analysis to predict
structural response. Therefore, guidelines suggest various formulas to calculate DIF for
differentkinds of structures. These formulas depend only on maximum acceptable ductility
of the critical member and to obtain them some approximations due to regression and
analysis type occur. In this research, three-dimensional structures and all the rigid
connection details of beam to column and pinned connection details of beam to beam were
modeled in Abaqus. Figure 1 shows the column loss locations on plan.
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Figure 1. Column loss locations on the plan.

The real DIFs were obtained for three locations of corner, perimeter and middle column
removal using pulldown method and compared to ones recommended by UFC guidelines.
The results revealed that there are differences between obtained DIFs from dynamic
pulldown analysis and suggested guideline DIFs and these differences are more in specific
ratio of plastic to yield rotations.

Methodology

In the present research, nonlinear dynamic and static analyses were used. One story
structures with rigid connection of WUF was modeled. One of the vertical load-bearing
elements at the specific location of plan was removed and the capability of structures to
bridge across a removed element was evaluated. To assess dynamic increase factor (DIF),
incremental dynamic analyses were carried out. Incremental dynamic analyses were
performed in two stages. In the first stage, axial load obtained from static analysis was

414



Journal of Technical and Vocational University Autumn 2022, Vol. 19, No. 3, p. 413-431

applied on the location of column for sudden column removal. The second stage included
sudden column removal and performing nonlinear dynamic analysis. Damping ratio was
considered zero to find the maximum dynamic response of structure. DIF was obtained
as follows:

DIF = FPulldown [1)

FIDA

where Fipa is axial load of column removed in incremental dynamic analysis and Ppundown
is axial applied load to the column loss location in pulldown analysis. Obtained DIF was
compared to DIF suggested by UFC guidelines as per Equation (2).

0.76
((z—z) + 0.83) @

Op . . . . .
where 6—” is ratio of plastic and yield rotations.
y

DIFypc = 1.08 +

Results and discussion

Figure 2 shows a comparison of the DIF obtained from the analysis for corner column
removal and the UFC equation. Base on the curve obtained from nonlinear dynamic and
static analyses, dynamic increase factor was calculated and compared to the value
suggested by the UFC guideline. It was found that DIF value decreased by increasing ratio of
plastic and yield rotations. The obtained DIF was approximately 2 for displacement less
than yield displacement. Results in Table 1 demonstrate that DIF obtained from analysis
was greater than the recommended one and the DIFs obtained from the guideline and
analysis were the same for the ratio of plastic and yield rotations near zero. DIFs obtained
from the guideline and analysis were the same for very small and large ratios of plastic and
yield rotations and the greatest differences were observed for the middle ranges of rotation
ratios. The differences were due to modeling type, the method which was used to obtain the
guideline DIF formula.

Table 1. result obtained from analysis for corner column removal.

0 4 Dis P P
(Ra d’;an) 0—: (ml;i‘)"‘ (K“’NA) 1;‘;‘(‘&)‘”“ DIFav.  DIFuc R
0.00E+00 0.00 19.4 68.03 134.58 1.98 2.00 1
2.00E-03 0.29 62.9 217.75 397.33 1.82 1.76 -3.41
7.83E-03 1.12 103.8 317.56 518.21 1.63 1.47 -10.88
1.21E-02 1.73 133.6 367.47 565.70 1.54 1.38 -11.59
1.76E-02 2.52 172.1 417.37 608.90 1.46 1.31 -11.45
2.49E-02 3.58 223.7 467.28 649.23 1.39 1.25 -11.20
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(7] 0y Disp ipa Pipa Ppund
4 == [t DIF DIF R
(Radian) 0, (mm) (KN) (KN) ANL UFC
3.56E-02 5.11 298.9 517.18 668.50 1.29 1.21 -6.61
4.21E-2 6.05 344.4 537.15 655.10 1.22 1.19 -2.52

0, = plastic rotation
DIFani= dynamic increase factor obtained from analysis

DIF e =1.08+0.76/((6,/6,)+0.83)

Disp pa =displacement obtained from dynamic analysis
IDA P ipa =axial load in incremental dynamic analysis
P pundown =axial load in pulldown analysis

_ DIFypc = DIFsnaLysis

x 100
DIFypc

0
e_p =ratio of plastic and yield rotations
Yy
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Figure 2. comparison of dynamic increase factor as a function of 3—”.
y

Conclusion

One of the most accurate procedures to assess the progressive collapse potential of a
structure is nonlinear dynamic analysis which is highly sensitive. There are many effective
parameters on DIF, of which the type of connections, analysis and modeling are the most
effective. In this study, DIF in one story structures for three column loss locations by using
finite element analysis were investigated. DIFs were obtained and compared to the
suggested value of the UFC guidelines. The results illustrated that DIF obtained from
analysis was greater than the recommended one and the DIFs obtained from the guidelines
and analysis were the same for the ratio of plastic and yield rotations near zero.

DIFs obtained from guideline and analysis were the same for very small and large ratio
of plastic and yield rotations and the greatest differences were observed for the middle
ranges of rotation ratios. These differences were due to modeling type, the method which
was used to obtain the guideline DIF formula.
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