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o ABSTRACT O

Structures are exposed to various threats (earthquakes, explosions, terrorist
acts, etc.),in which structural elements subject to exceptional, unconventional loads
that cause stresses which exceed the bearing capacity of these elements. The collapse
of an element or a group of elements may cause the collapse of the entire structure or
a large part of it, especially in important buildings (schools, hospitals, trade centers,
etc.), resulting in fatalities and high repair costs, in addition to the cessation of the
operational function of these buildings.

The US Department of Defense has developed various methods to resist
progressive collapse by removing vertical load-bearing elements (columns or parts of
shear walls) from specific locations to assess the ability of the structural system to
resist local failure without causing a series of failures disproportionate to the main
cause.

In this study, the structural response of a building located in the third seismic
zone with dual system (frames - shear walls) designed according to the Syrian Arab
Code and its second appendix was evaluated under partial removal of the
intersecting and planner shear walls from different stories and how to improve the
shear wall response after removal was investigated. The results of the study indicated
that half-length removal of the intersecting shear walls from one side from different
stories did not cause structural failure and the building maintained its operational
function, while half-length removal in both directions at the level of the first story
and at the story above the location of change in wall size caused structural failure. By
increasing the concrete compressive strength for the intersecting shear walls by 25%,
the behavior of the wall improves and satisfies the acceptance criteria.

For the plan shear wall, Half-length removal from different stories satisfied the
acceptance criteria. The behavior of the intersecting and plann shear walls improves
significantly and the resistance against progressive collapse increases according to
partial removal in the upper stories.

Keywords: Progressive Collapse ; Dual System ; Shear Walls.
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ranlly skl gl g gal e : (Y) Jgaad

Bottom Top Rein.
Beam Height Width Rein. Middle Ad%.l:;nal- Ties
Bl 70 40 6T16 4T16 2T16 2T10@ 10cm
B2 70 35 4T16 4T16 2T16 2T10@10cm
B3 65 35 4T16 4T14 2T14 2T10@10cm
B4 50 23 4T14 4T12 - 2T8@15em

anlly gl mlodll aa 5aasY) slad : (¥) Jgaadl

Story | Length(cm) | Width(cm) | Longitudinal Rein. | Ties
Cl
Baset+1+2+3+4+3 80 80 4T20+24T16 5T10/15
6+7+8+9+10 70 70 4T20+20T16 3T8/15
11+12+13+14+13 60 60 20T16 3T8/15
C2
Baset+1+2+3+4+3 90 90 4T20+36T16 6T10/135
6+7+8+9+10 80 80 4T20+24T16 5T10/15
11+12+13+14+13 70 70 4T20+20T16 3T8/15
C3
Baset+1+2+3+4+3 70 70 AT20+20T16 3T&/15
6+7+8+9+10 60 60 20T16 3T8/15
11+12+13+14+13 50 50 4T16+12T14 3T8/15

Gall Chias Aualal) ALY Jualidl) : (£) Jgaal)

Story Thick Reinforcement Boundary Element Eein.
(cm) Long. | Trans. Dim. | Long. | Ties
SWI1&SW2
Baset+1+2+3 35 T16/15cm | T12/20cm - - -
A+5+6+7 30 T14/15cm | T10/20cm - - -
8+9+.. . +16 25 T12/15cm T&/20cm - - -
SW3&SW4
Baset+1+2+3 35 T18/15cm | T12/20cm - - -
A+5+6+7 30 T16/20cm | T12/20cm - - -
8+9+. . +16 25 T14/20cm | T10/20cm - - -
SW5+5W6
Baset+1+2+43 35 T16/15cm | T14/20cm | 80.80 [ T16@8cm 2T10@20cm
A+5+6+7 30 T14/15cm | T12/20cm | 80.80 | T14@8cm 2T10(@20cm
8+9+. . +16 25 T12/15cm | T10/20cm - - -
SWT7T+5WE
Baset+1+2+3 35 T16/20cm | T12/20cm - - -
A+5+6+7 30 T14/20cm | T10/20cm - - -
8+0+ . +16 25 T12/20cm | T10/20cm - - -
SW9
Base+1+_ . +7 30 T14/20cm | T12/20cm - - -
8+ .. +16 25 T12/20cm | T10/20cm - - -
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ETABS gelin aca SW1 mill jloal 3y (S el el JIa] &l (Y1) S ey

4 143 Wall Hinge Reinforcement [ = | £
Rebar Material Layout
Material Fexure | reinforce400 ~
Bar Clear Cover 40 mm
Geometry
Start X Start Y End X EndY Length Thickness gj‘nﬂe 2:5
{mm) {mm) {mm) {mm) {mm) {mm) Ratio Ratio
0 4000 0 4000 350 o o
Reinforcement
Flexural Detail Flexural Detail (Additional Individual Bar)
Bar . Distance
Station Bar Size Spacing ST e Matefial {mm) Area {mm2)
of Bars
{mm) X -
Center - |16 - |150 26
End - |16 - |150 1]
Shear/Confinement Detail
Bar
Station Bar Size Spacing Corfined
{mm)
Start - |12 - | 200 No
Canter |12 - | 200 Nao
End - |12 - | 200 No @ oK ] l Cancel

O Juaial) iy Lualal) SW1 faall Alay) Jualis :(Y 1) Jeal
:Ad8Uall g Julasl) —o
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Ly Cuay Ao &) lual maw @ (10) Immediate Occupancy (sl Jusy! (ssice
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| 44 Fiber Response - W19H1 {Auto Fiber P-M3) - Fiber 7 - —— [ = ]
o2y - (- [ | << Fiber 7 »> | << Step 10 >> _/
# Load Case and Fiber Fiber Response - W19H1 (Auto Fiber P-M3) - Fiber 7
Load Case LCase2 50—
Fiber Number 7
4 Current Fiber Data
Area fom? 579 2
Coordinate 3 {mm) a
Coordinate 2 {mm) 916.7 00
Material Conc20
» Hinge ldentification
» Hinge Response Curve 25 -
> Backbone Curve
> Legend o 50 -
4 Current Step Data o
Load Step =
Stress (MPa) @ T
Strain E
Fiber State & 100 -
125 -
Cumrent Step Data
-15.0 -
175 -
34
200 il 1 1 1 1 1 1 1 I 1
4 6.40 -5.60 -4.80 -4.00 320 2.40 -1.60 -0.80 0.00 0.80 1.60 E-3
mm = = = = &—a—@p = = ==
Strain, mm/mm
< [Lom
Max: (0.000109, 2.785068) [Backbone, Point 8], Min: (-0.002219, -20) [Backbone, Point 3]
oK Cancel

0 SWL laadl (858 G Jlall ciaai A1) sie Jlaad (a Adiall gad) i (oo olh seain § Jlakii—slgal dgbu :(Y o) Jeid)

Js¥) Gl e e A el Al

- - -

= |

4y Fiber Response - W19H1 (Auto Fiber P-M3) - Fiber 13

<< Step 10

E- - [~ | << Fiber 12 B

B

=

4 Load Case and Fiber

Fiber Response - W19H1 (Auto Fiber P-M3) - Fiber 13

Load Case LCase2 500 -
Fiber Number 12
4 Current Fiber Data
Area (cmd 87 400 -
Coordinate 3 {mm) 0
Coordinate 2 (mm) 833.3 300 -
Material reinforce400
> Hinge Identification
> Hinge Response Curve 200 -
> Backbone Curve
i Legend 100 -
4 Current Step Data o
Load Step =
Stress (MPa) @ 0
Strain [
=
Fiber Stats & 00 -
-200 -
Current Step Data
-300 -
-400 -
Ip
-500 o I i ! I !
2 =125 -100 -75 -50 -25 a 25
2% = =2 = a2 &=—@ = a2 aa

Strain, mm/mm

« [Lom

Max: (0.08, 500) [Backbone, Point 9]; Min: (-0.08, -500) [Backbone, Point 1]

oK Cancel
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