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Dynamic Amplification Factor for Steel

Frames for Column Removal

ABSTRCT

Progressive collapse has been a prevalent research topic since a
gas explosion caused the collapse of the Ronan Point apartment
building in 1968. Progressive collapse occurs when an
instantaneous loss of a supporting element causes failure in
adjacent members leading to a large scale collapse of the
structure.

The General Services Administration GSA and the Department of
Defense DoD have provided design guidelines regarding
progressive collapse mitigation.

The guidelines provide requirements for setting up static and
dynamic, linear and nonlinear analyses. In particular, a dynamic
amplification factor DAF of 2 is recommended to account for the
dynamic effects when performing a static analysis. Recent studies
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have determined that the GSA and the UFC guidelines provide an
overly conservative dynamic amplification factor.

In this thesis, various frames were analyzed using SAP2000 for
all four analysis methods and the results were used to make
recommendations regarding a more appropriate dynamic
amplification factor. Additionally, the role of dynamic and nonlinear
effects were observed and compared for the four different analysis
methods.

By looking at the different frames, it is evident that the dynamic
amplification is consistently less than 2, This is true for all the
frames analyzed except for the 2x2 span frame with an interior
column removed where the DAF is exactly 2. It is reasonable for
the dynamic amplification to be higher for a frame with two spans
because when a column is damaged and removed in this frame,
there are only two columns remaining to take all the load.

Also, the DAF is significantly larger for the deflections than the

moments.

Keywords: Dynamic Amplification Factor, Progressive Collapse,

Steel Frames, Dynamic Analysis, Static Analysis
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DAF for 2x2 Frame with Exterior Column Removal

U3 (m) | M3 (KN-m)
Linear Static (DL+0.25LL) -0.236 -775.543
Linear Dynamic -0.399 -992.994
Non-Linear Static (DL+0.25LL) -0.236 -775.543
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DAF-NLD/LS 1.89 1.56
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DAF for 2x3 Frame with Interior Column Removal
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Vertical Displacement vs Time for 3x2 Exterior

Column Removal

U3 (m)
g

10 12

—=—Linear Dynamic

Non_Linear Dynamic
—s—Linear Static (DL+0.25LL)
——Linear Static 2*(DL+0.25LL)

Time (Sec)

DB Al ageall A1) A Bal) Bakall JgaLAN i) 1(12) <)

DAF for 3x2 Frame with Exterior Column Removal

U3 (m) | M3 (KN-m)

Linear Static (DL+0.25LL) -0.215 -592.503

Linear Dynamic -0.371 -957.257

Non-Linear Static (DL+0.25LL) -0.215 -589.834

Non-Linear Dynamic -0.393 -788.225
DAF-NLD/LS 1.82 1.33
DAF-LD/LS 1.73 1.62
DAF-NLD/NLS 1.82 1.34
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Vertical Displacement vs Time for 3x2 Interior Column
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Aaly) alim . HUaY) 1] alaall agially adaall YUY (8)Jsanll ela

G5l e (sl plasial (Say Ml ¢ adll ye s Jadll  Sualiall Julail) e a5l

o aeaiin o Suelial) aeitll dale LY Cibasly Ay gall cpalal)
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- (2)3eill slus

DAF for 3x2 Frame with Interior Column Removal

U3 (m) M3 (KN-m)

Linear Static (DL+0.25LL) -0.126 527.114

Linear Dynamic -0.222 1025.315

Non-Linear Static (DL+0.25LL) -0.126 530.673

Non-Linear Dynamic -0.240 807.352
DAF-NLD/LS 1.90 1.53
DAF-LD/LS 1.76 1.95
DAF-NLD/NLS 1.90 1.52

ol A U A0l dgenl) AN Aniis Saalindl il Jale 2(8) Jsand)

(il
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:(Frame 3x3) (ailgh 430y cilasd EDAY 43 UY) -5-3-6
:(Exterior Column Removed)  2hl) 3eall ay 0
NVl 4 DA ge Y e aill) 8 @il dgead) @il e Jganll S
(-331mm) s adll Sulial) Jobail) Alla & Jan gl (o) ad] L diliae Jila
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Vertical Displacement vs Time for 3x3 Exterior
Column Removal

_— —+—Linear Dynamic

"E" 0.2 MNon_Linear Dynamic

= —»—Linear Static (DL+0.25LL)
—o—Linear Static 2*(DL+0.25LL)

Time (Sec)
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DAF for 3x3 Frame with Exterior Column Removal

U3 (m) | M3 (KN-m)
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Linear Static (DL+0.25LL) -0.208 -556.473
Linear Dynamic -0.331 -919.447
Non-Linear Static (DL+0.25LL) -0.208 -553.804
Non-Linear Dynamic -0.388 -775.325
DAF-NLD/LS 1.87 1.39
DAF-LD/LS 1.59 1.65
DAF-NLD/NLS 1.87 1.40

i 2 U aglal Spenl) ) Aai Soalid) ptll ele 3(9) Jyaal
- Grlsha DU

:(Interior Column Removed) (Aslall agaad) 41 O
A ae 3X3 W) 8 agially CEDL ekl il (10) Jsaad) moass
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Calady) sl Lo sag (—124Mm) s vie sl 8 Y o duhadl) Al
Aahad) ddaill eV s aead el o) sy (15) Sl L sl Kol
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Vertical Displacement vs Time for 3x3 Interior Column
Removal
0.05
&
4 5 6
_— ——Linear Dynamic
£ ‘\AAAAAAAA Mo L _
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U LS0al) sganl) A1) A Bl sakall JLAN Cabat) 2(15) JSal

DAF for 3x3 Frame with Interior Column Removal

U3 (m) | M3 (KN-m)

Linear Static (DL+0.25LL) -0.124 404.788

Linear Dynamic -0.225 717.943

Non-Linear Static (DL+0.25LL) -0.124 401.230

Non-Linear Dynamic -0.228 800.235
DAF-NLD/LS 1.84 1.98
DAF-LD/LS 1.82 1.77
DAF-NLD/NLS 1.84 1.99
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:(Frame 3x4) (ilsh dayfy clatd E3AY 53 JUY) -6-3-6
:(Exterior Column Removed) 4kl agaall 43 O
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Vertical Displacement vs Time for 3x4 Exterior
Column Removal
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il o il lgasan (11) Joaad) 8 (Sualiall adcail) dale ad o Jaadls
(GSA) dalall clarall )l J& (g da sikall (2)

DAF for 3x4 Frame with Exterior Column Removal

U3 (m) | M3 (KN-m)

Linear Static (DL+0.25LL) -0.205 -516.439

Linear Dynamic -0.331 -874.076

Non-Linear Static (DL+0.25LL) -0.205 -513.325

Non-Linear Dynamic -0.352 -770.877
DAF-NLD/LS 1.72 1.49
DAF-LD/LS 1.61 1.69
DAF-NLD/NLS 1.72 1.50
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o sy (17) JS8) pdmall j ladll Sl GihaiV) g Jiledll sl
Al (asl) VAT Jall genl) B8 Bl sakall sELAI JlasY)

Vertical Displacement vs Time for 3x4 Interior Column

Removal
0.05
0
0 1 2 3 a 5 6
0.05 -
—_— 0.1 - H —=—Linear Dynamic
E, A A~ N L i
po= 'I V V V.V on_Linear Dynamic
= 015 | ——Linear Static (DL+0.25LL)
' | Linear Static 2*(DL+0.25LL)
0.2
0.25
0.3
Time (Sec)

U LAl spanl) A1) A Bl 5okl LAl iy 5(17) U<
Galsh Ay cala 2D

DAF for 3x4 Frame with Interior Column Removal

U3 (m) | M3 (KN-m)

Linear Static (DL+0.25LL) -0.123 475.515

Linear Dynamic -0.225 917.668
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Non-Linear Static (DL+0.25LL) -0.123 477.739

Non-Linear Dynamic -0.225 769.098
DAF-NLD/LS 1.82 1.62
DAF-LD/LS 1.82 1.93
DAF-NLD/NLS 1.82 1.61
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Dynamic Amplification Factor for Number of Bays
for Linear Static Analysis
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Dynamic Amplification Factor for Number of Stories
for Linear Static Analysis
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