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  ABSTRACT    

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. 
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Alfred Murrah Federal Building

Oklahoma1995

 General Services Administration (GSA, 2003

Department of Defense   (UFC, 2016)

 TF) Tie force  : )

  Alternative load path (ALP) :

 Enhance Local Resistance (ELR)

(UFC,2016)   والبحث ,

.لزيادة متانة وصلابة جدران القصمة  عن الطرق الأكثر ملاء

2H2H
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2H(T, I ,C)

 (UFC,2016) 

UFC [3]

GNIncreased Gravity Loads) 

1

GN =  ΩN [1.2 D +  (0.5 L or 0.2 S)]   (1)

ΩNDynamic Increase Factor

  UFC  (UFC, 2016)  

 

𝜃𝑝𝑟𝑎:  UFC

𝜃𝑦  :

 ΩN = 2 . 

G =  1.2 D +  (0.5 L or 0.2 S)    (2)
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Rahai A et al., 2015

Fiber Section Method3m

ASCE7-16.  

Mander., 1988

D   [5]-3نموذج ثلاثي الأبعاد  -لمبنى للطابق المتكرر في  ا مسقط أفقي  -  a( :  2الشكل )

Nonlinear Dynamic Analysis GSA

(DL+0.25LL)

 

 

 

W1+W2C shaped

W4T shapedW5I shaped

C2

W51.66mm2.5s1.54mm

B4((W42.08mm2.5s1.89mm

A2 W15.07mms

3.95mm
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[5]( : مقارنة الانتقال الشاقولي في العقدة أعلى جزء الجدار لحالات الإزالة الثلاث 3الشكل )

W1+W2

A2 

A2

W1+W2A2

6.3mm

[5]من مختلف الطوابق  W1عند إزالة  A2( : مقارنة الانتقال الشاقولي في العقدة 4الشكل )
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UFC

Fiber modeling

(Powell, 2010) .

 Fiberتقسيم المقطع العرضي للعمود بطريقة 

Section Method  

 Fiberتقسيم المقطع العرضي لجدار القص بطريقة 

Section Method  

MVLEM(Multi Vertical Line Element )

 
 [9]القص من البيتون المسلح  انجدرنمذجة ل MVLEM( : طريقة 7الشكل )

EsmaeiltabarWallace &Thomsen[11]

Fiber Modeling Multi Vertical Line Element

3660mm

0.07fc
`Ag  
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 [10]( : تفاصيل التسليح والأبعاد للعينة المختبرة 8الشكل )

Fiber Modeling Multi

Vertical Line Element

(PGA=0.3g)

 

𝑆𝐵

𝐸𝑇𝐴𝐵𝑆 2016 P ∆ 𝑓𝐶
`

=  20 𝑀𝑃𝑎 

 𝑓𝑦 = 400 𝑀𝑃𝑎

 Fiberمقارنة نتائج المحاكاة بطريقة  :  (9الشكل )

Modeling  [10]مع التجربة

مع   MVLEM: مقارنة المحاكاة بطريقة  ( 10) الشكل

Fiber Modeling  [10]المحاكاة 
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Fiber Section Method

انفعال الخاص بمادة البيتون -سلوك إجهاد 

انفعال الخاص بفولاذ التسليح -سلوك إجهاد 
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SW1&SW3&SW5

UFC سيتمبالنسبة لمدى الإزالة في جدران القص المتقاطعةL

0.5*L

SW5

16,17,18,19,20
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50*50cm 

60*60cm 

70*70cm 

80*80cm 

90*90cm 
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SW1ETABS

SW1

 ccupancyOImmediate  (IO )

 Life Safety (LS)

 Collapse Prevention (CP )

SW1

(2*0.5*L)

 CP فيSW1

 (0.5*L)

IO ,  حيث ساهم فرع



 

 

120 
 

خارج مستوي الجدار وأالانعطاف ضمن  الناتج عنللجزء المزال في منع الانهيار  المتعامد الجدار في الاتجاه 

SW1

SW1SW1

(25,26)
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SW1

SW1
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SW1 

P (kN) M(kN.m) 
(MPa

 )

(MPa

 )

SW1

15019.9 50.68 18.37 0.004007 404.09 0.003991 

SW1

14847.9 476.3 19.78 0.002023 400.15 0.001983 

SW1

14275.4 577.8 0.001812 0.001776 

SW1

(2*0.5*L)CP(

 (0.5*L)

IOالإشغال الفوري 

SW1
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SW1SW1

 SW1

P (kN) M(kN.m) (MPa )
(MPa

 )

SW1

12147.6 113.55 17.25 0.004931 405.89 0.004094 

SW1

12066.8 331.27 19.5 0.001773 366.61 0.001746 

SW1

11781.2 394.1 0.001693 0.001664 

SW1

 IOمستوي الإشغال الفوري 
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SW1

SW1SW1

 SW1

P (kN) M(kN.m) (MPa )(MPa )

SW1

10098.5 49.46 17.43 0.00122 251.52 0.001198 

SW1

8921.43 568.59 16.04 0.000979 202.05 0.000962 

SW1

8711.07 619.8 0.000961 0.000943 

SW3

(2*0.5*L)

 CP في
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 (0.5*L)

LS 

SW3

SW3
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 SW3

P (kN) M(kN.m) (MPa )
(MPa

)

SW3

16673.

8 
110.97 16.98 

0.00507

5 
405.97 

0.00494

7 

SW3

18331.

1 
180.69 19.86 

0.00239

3 
400.89 

0.00235

8 

SW3

(2*0.5*L)CP في

 (0.5*L)

SW3
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SW3

SW5

 SW3

P (kN) M(kN.m) (MPa )
(MPa

 )

SW3

12249.8 124.41 17.23 0.004952 405.89 0.004908 

SW3

14507.6 284.5 19.8 0.00204 400.21 0.00201 

SW3

(2*0.5*L) في (0.5*L)

 IOمستوي الإشغال الفوري 
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SW3

SW3

 SW3

P (kN) M(kN.m) MPaMPa

SW3

10703.8 630.4 16.41 0.001043 215.38 0.001026 

SW3

11496.9 456.7 19.24 0.001541 317.76 0.001513 

SW5

مستوي سلامة  

في الأرواح 
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SW1SW5

SW5

 SW5

P (kN) M(kN.m) MPaMPa

SW5

17314.1 839.1 19.71 0.002574 401.67 0.002755 

SW5

13369.7 707.5 19.5 0.002822 401.75 0.002796 

SW5

10351.3 464.4 0.001249 0.001226 

SW5SW5
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SW5Y

SW1&SW3

(2*0.5*L)

 𝑓𝐶
`

=  25 𝑀𝑃𝑎

SW1SW1
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SW3

SW3

• 
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• 
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