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Evaluation of Dynamic Amplification Factor for Moment
Resisting Frames in Progressive Collapse

Eng. Sami Al-Ezzo")
Dr. Eng. Rabee AL- Safadi®

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 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 was 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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@Lecturer in the Structural Engineering Department — Damascus university
124



2022~ ualdl) asml) =y iy cpalil) Aaval) —Aputigh astell Giad daala Llae

sAgallal) 5yl gz )l

g5 oo Ol il (1200 ale Jslf el b
b8 Cunadh o ¢ Opaly ) gl adia fis
Gkl (8 G ISy Al ol davaall
Slsall s ) Goal) g3l S cCiera
Lajlied) () (ol Lae chlladlll 3 Lalal) 480 )
daraall (LS (358 5asasall Aludl) Gla Ll
1 ey dedall e Jid J<ugll o cuaiy
Lo Y dsad G L)

sduagd) ddCia

GSA-) igeasill cll_iyY) e IS
UFC-) s (General Services Administration
the Department of Defense Unified

ot Jule Gl ags (Facilities Criteria
Vs JS e Gl (2) Aall jlse Syl
dale o) e ALl LD Sali ) L eatl
eiline A gam of oSy s ailae 138 adil
[8] learaaiy tllua
O3Sy laall Sl ) Jdal) alasi ol 2 e
Lol el Jumie Jf JS 2o 4 = sansall Jaall
gy 4ld ¢ Laa) Sl Jalaill aladid vie
Zsensall Jaall 58y allys 2aall) Jaalaal) J<i
o aladial o @lld aag ¢ jlag) Ja s 4o
352 28 Laaff 13y e lyaY) DS il Jule
O S Lpmana 8 @l clidie et )
bl pre 48 e sall (e ApabaiBY) il deas
[4] ol apaay
lad)

|

£

el CHU Saaliall apiil Jale auils
) vie Il L) Ala 8 agjall dagliall

BecY) Al

125

séuayl) dadia

DY) crie ((GSA) dslall cilarall )l
LSl aall Jidl Lanie adlad) asly Sl
maliall gl o Linall 4yl ALl
Bl Dlaed) (s Jolially (Sl 3y slall
Casall ps asliie e pall Jleal ols bl
[7] LY

iy :(ASCE7) —Sia¥) Jlaa¥) 35 <
G V) el Jaall L) asly i) 5lesY)
Db (A Al (B g lae paie (N paie
Jloe cliie sz 528 o

e DAF Sl apdoail) Jale Cagyal o3
Shepalal 5y (Sl Calyad) A 4
e Ll dlan ol e gy ol 8 algay!
Jomniis ilS ) algaYls ¢l 385 il
[B] Jeall i) (aakail) A

Al L) oo ALl

oA A Al g gy (e

calasi a8 1968 sle L e 4
e el ldall 8 5Lal) jladil s Ly
Ein gieall Ae lleall haall aal Jud
o S el (e 32 22 1 s el
Galshall (e dariay s el Galshll Ll
9] Wl e Lo i

tLagadSsl B ) ga 2A

(LagdS sl A 81995 ale (luss jed
D13 ot Cus Aaald jlad o bl s
ot ) s e ddane Baac] A )
Dl s La Gl Gldall 8 A1) L lal)
21.3 ddlua ) el il Gua cLilall Gl lal)
- [10] sl mpe 0



Al L) b agiall dagliall U Saalipall ardeall Jale apli . g 2keall gy - -2 . gjad) oabes -

il Jale (mdds _a Gl 1ia Leaed
Sl Jalaall Jal e 1.5 dadll ) Saalial
Apaill 4y e 4 el il daall i)
Jozil 1.5 Jalal) (s cas3all daglaall el ay)
Jalail efya) aie A Soaliall eufyilall Jlasy
ey Aol ST analial ) ooy oSibind)
Al e alsall gl (4S5 Al Al (paldl K3 celld
(Ol 2y s sl ilS 13l (Lals ¢l
phaain) 5% 28 e Lasd) de e cuslS 13
2o (AT A a i el 812 Adgeal) Jule
il 2 Jopead Judle aladinl a4l agiag
AY) il 1.5 5 4l
s Aubtanl) Aty

(1) JSal) b damsall callaY) aladin) o3
apaall Jae a3 ool JISEYT 3 ol A5y Sy
diuie il e Jganll dal e clial i@y e
e of Jbie) as Jdadl) g s Jal
e EBlagll Ladai 4t o jall daglia LY
oailad Aasiul ot A cDla S Gulul)
SAP2000 geeliy (o dpaial i) Asalll Joalial
FEMA 3 Lalll Joaliall Cagpat ae 855 Al
Ol byl at A gaad) eldaill Jal e 356
Al Ol aaad 71 (& nedil] Ao
A6 0.001 layad i wiay Jalaigg ad alads o
alaaiad a5 Jellly Spalipal) 5l L) leal
s Adph Hlaal 25406 0.05 sl 40 iy
The Newmark time ) el Julsill o)l
Aailal) adll ahaasiul as (integration method
i dle g JalS Ayl 15y 0.25 5 W1 0.5
A2 B a5 il ple ISy

Ligye Jabra aadiaaall L3I BYsall LS
Eg = 29000Ksi sk

fy = 50Ksi (syral gond deals

126

paall ndyl) Caagd)

o i) Sualiaal) il Jale dad auls
D) Al aall Sal ) Jogdatl) A s
- Sl
A8l byl

Marjanishvili and ) olialdl ;e JS o il
e bl 402 2006 ole (545 (Agnew
At (e 0550 s all aglia (s3Vsd (g)lh) (ne
Ay el dyghall sladWl cilatd g 3ol5h
3 Ayl e Caagdl ¢ inall il olanyl culasa

dabisall Gl yadl Coia gy maialy aggda mnd
Coai o by i Byl Ll L) Jas)
(LS-NLS-LD- NLD) alisi (3h gy (sisall i
o) st ?'“i <S5 «SAP2000 zaliy plasiuly
Joadatl) dayyh e dygencall dpalae ) Y LERY)
aal 65 b Al A Sualipally sl Sl

35y Vg dyliie il g ot e as]53
e 2 Ay Saalind i Jale alasiad of )
sl Sl Jdatl) Ja
St st e hals ailiaaly Eig)y Caaly) ol
Ay ) 40U dpame l)ll) (o Saaling
Al zis i 11 Ay i i ol
paaal CieLaey Saalipall sl Jale Jlagaly
ot o) 2 AT Al (e jaste Saelin
PRI :Q_Ag_afl_“ﬂchj_ajdju_gq_,_a;?j
Jaalidl) J<Y) I el hysad) cdoalll Jaalaall
& o 0hsd (mably (alll sad) s gia o3l
iyl ally cdialll Jaliadl jliiily ¢ Joata JS
GilieLiadl o) rduad) miln clS S )
2 Aadll (e Byl Aad Y o s ol Al
141 sa alms 25 Sualiny dule el oIS &
G %59 Ay Jeall i 8 (aladdl sa,
) Al dpa gl culS G (2 Caeliadl)




2022 pualdl) sl — ¢y gDy cpalil) Mlaal) —Apatigh aghall Gies daaly Alas

W12x26
2x3.65m
W8x18
2x7.3m
(a) 2x2 Frame
W12x26
3x3.65m
W8x18
2 x7.3m
(b) 2x3 Frame
W12x26
4% 3.65m
W38x18
2x7.3
(c) 2x4 Frame

coladd Edly Apianal) Uy z il (2) Jil)

W12x26
2 x3.65m
wax18
P ccd 77 ¥ o Pcccd
x7.3m }
(d) 3x2 Frame
W12x26
3%3.65m Wex18
P oy oy oy
| s |
(e) 3x3 Frame
W12x26
T PE—
4 % 3.65m
Wax18
¥ d ¥ ¥ ¥ cd
x7.2m
(f) 3x4 Frame

clad day )b Aaed) cllay) g il (3) g

127

W12x26
2x3.65m
wex18
Ve P Ve Ve cd
x7.3m I
(d) 3x2 Frame
W12%26
3% 3.65m Wax1g
P ¥ ¥ ¥ d
} 3 x 7.3m I
(e) 3x3 Frame
W12x26
T P—
4x3.65m
wax18
¥ il P il ¥ ¥
x7.2m
(f) 3x4 Frame

iy Aglanall cUY) z 3l (1) Jead)
sdalail) Jal e Jeaadll cyla
Jaa¥) sl plasi s Jdail) e)pa) 0
gt ol linagal) (pilalaal) 85834l
aaa Ao sl Ul saacYls Silsall 313D (55l
.SAP2000 {aulg Jlsall A3y painll
DL=7.3 KN/mM &iw lses
LL=14.6 KN/m s isea

(@)
=9806.65 mm/sec2

Static
0.25LL)

Dynamic
0.25LL

Analysis: P, =2 (DL +

Analysis: P, =DL+



Al L) b agiall dagliall U Saalipall ardeall Jale apli . g 2keall gy - -2 . gjad) oabes -

Vertical Displacement vs Time for 2x2 Exterior
Column Removal
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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

Non-Linear Dynamic -0.445 -1213.185
DAF-NLD/LS 1.89 1.56
DAF-LD/LS 1.69 1.28
DAF-NLD/NLS 1.89 1.56
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Vertical Displacement vs Time for 2x4 Exterior

Column Removal
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DAF for 2x3 Frame with Interior Column Removal
U3 (m) [ M3 (KN-m)
Linear Static (DL+0.25LL) -0.127 536.634
Linear Dynamic -0.232 1097.603
Non-Linear Static (DL+0.25LL) -0.127 536.634
Non-Linear Dynamic -0.239 908.260
DAF-NLD/LS 1.88 1.69
DAF-LD/LS 1.83 2.00
DAF-NLD/NLS 1.88 1.69
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DAF for 2x2 Frame with Interior Column Removal
U3 (m) | M3 (KN-m)
Linear Static (DL+0.25LL) -0.130 574.319
Linear Dynamic -0.231 1163.090
Non-Linear Static (DL+0.25LL) -0.130 574.319
Non-Linear Dynamic -0.258 923.544
DAF-NLD/LS 1.97 1.61
DAF-LD/LS 1.77 2.00
DAF-NLD/NLS 1.97 1.61
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U3 (m) | M3 (KN-m)
Linear Static (DL+0.25LL) -0.254 -666.184
Linear Dynamic -0.385 -1042.121
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DAF for 2x4 Frame with Interior Column Removal
U3 (m) | M3 (KN-m)
Linear Static (DL+0.25LL) -0.126 524.290
Linear Dynamic -0.230 1048.276
Non-Linear Static (DL+0.25LL) -0.126 524.290
Non-Linear Dynamic -0.231 899.782
DAF-NLD/LS 1.84 1.72
DAF-LD/LS 1.83 1.99
DAF-NLD/NLS 1.84 1.72
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Vertical Displacement vs Time for 3x2 Exterior
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DAF for 2x4 Frame with Exterior Column Removal
U3 (m) | M3 (KN-m)
Linear Static (DL+0.25LL) -0.253 -660.992
Linear Dynamic -0.420 -1071.354
Non-Linear Static (DL+0.25LL) -0.253 -660.992
Non-Linear Dynamic -0.450 -935.288
DAF-NLD/LS 1.77 1.41
DAF-LD/LS 1.66 1.62
DAF-NLD/NLS 1.77 1.41
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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

Vertical Displacement vs Time for 3x3 Exterior
Column Removal

1
o IJ —+Linear Dynamic
o K Ah“hn.ﬂlnnn;-- Non_Linear Dynamic
Linear Static (DL+0.25LL)
o Linear Static 2*(DL+0.25LL)

U3 (m)

e e
Aagti Bl Sakall IGBLAY Cilaiy) (12) Jsdd)
gl Ay cilath Aoy U aglal) agent) A1)
A1) Al Saalal aduail) Jale (9) Jgaadl
- Glgh Ay cilad Ay HUS aulal) aganl)

DAF for 3x3 Frame with Exterior Column Removal
U3 (m) | M3 (KN-m)

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
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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 1.82 133
DAF-LD/LS 173 1.62
DAF-NLD/NLS 1.82 134
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DAF for 3x4 Frame with Exterior Column Removal
U3 (m) | M3 (KN-m)

Linear Static (DL+0.25LL) -0.205 -516.439
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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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Vertical Displacement vs Time for 3x4 Interior Column
Removal
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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

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

Non-Linear Dynamic -0.225 769.098
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