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Abstract 

     Frame system structures which composed of only reinforced concrete columns, beams and slabs, 

have been widely adopted for many framed buildings. Generally, in-plane stiffness of slabs is 

ignored in the conventional analysis of such structures. However, in reality, the floor slabs may 

have some influence on the lateral response of the structures. Consequently, if the in-plane stiffness 

of slabs in a frame system structure is totally ignored, the lateral stiffness of the global frames may 

be underestimated. Therefore, the objective of the research is to investigate the effect of floor 

diaphragms in multi-story frames by comparing frames models with different slabs thickness by 

those without slabs. Furthermore, it can be seen from the study that the slab thickness is an 

important factor increasing in-plane stiffness of the slab and consequently increasing the overall in-

plan stiffness of the building leading to an increase in base shear and a decrease in lateral 

displacements values. 

Keywords: rigid floor diaphragm, flexible floor diaphragms, in-plan deformation, floor diaphragm 

action and time history analysis 

1. Introduction 
 

     Floor diaphragms in-plane stiffness affects building response to seismic ground 

accelerations; it is generally provided primarily to resist out-of-plane vertical gravity loads 

in the structure. However, for reliable performance, there diaphragms must resist lateral 

forces (such as earthquake) and transfer them dependably to the vertical lateral force 

resisting elements (such as walls and frames) within a structure [7]. 

     Under Seismic loading, floor systems in reinforced concrete (RC) buildings act as 

diaphragm to transferee lateral earthquake loads to the vertical lateral force-resisting 

system [3]. 

     Floor in-plane stiffness plays an important role in distributing seismic forces to lateral-

resisting elements. In most cases, the assumption of rigid floor allows a significant 

reduction of computational effort in the structural analysis of buildings. In some cases, 

however, structural configurations with large spans between lateral resisting elements can 

invalidate the use of the rigid-floor assumption. For these cases, diaphragm flexibility must 

be considered in the analysis. Moreover, in the case of plans with irregular distributions of 

mass or stiffness, torsional unbalance can exacerbate the effects of floor flexibility [2]. 

Additionally, when the structure stiffness increases it can absorb greater lateral forces 

induced by the earthquake motions [8]. 
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     To study the effect of diaphragm action of floor slabs on building response, first, this 

paper discusses in-plan characteristics of R.C. floor slabs, the most critical factor to control 

the diaphragm action, on the basis of the results of previously conducted experiments [4], [5]. 

     So, in order to predict accurate lateral displacements and base shear values of a frame 

system structures, it may be prudent to include in-plane stiffness of slabs. 

     “The problem statement of this research is to find out the relationship between lateral 

stiffness and both base shear values and lateral deflection of frames based on in-plane 

stiffness of slabs”. 

2. Aims and Objectives 

      Numerical methods have been widely used in solving engineering non-linear problems. 

Therefore, the main objectives of this study are: - 

 To monitor and analyze the effect and the contribution of the below parameters on 

both base shear values and lateral displacements of high-rise building under seismic 

loading: 

 .The effect of slabs (slab thickness or diaphragm effect) س 1

 .Rectangularity ratio of the building planس 2

3. Model Description 

     The study will conduct non-linear finite element analysis using SAP2000 program for 

the frame.  

     Figure 1 shows the structural plan of the used model, a 30 story building, with identical 

plan (as shown in figure 1) have been considered in the analysis. The overall plan 

dimensions are 6.0m x 6.0m for each bay (2x2 bay, 2x4 bays and 2x6 bays with three 

corresponding rectangularity ratios, length / width ratio = 1: - 1:2 1:3 س respectively), 

measured from the centre line of the columns. The height of the ground floor is 3.0m and 

inters stories heights are 3m. The thickness of the analyzed slab models has been 

considered as: no existing slabs, 8cm, 10cm and 12cm. Columns are with size at ground 

and first floors with 70x70 cm dimension and 24ø16mm, and dimensions of columns 

reduced by 5cm in both directions every 2 floors until reaching columns size 40x40cm, 

3ø8/m’ stirrups reinforcement, and beams with constant size 25x50cm and 4ø16mm 

bottom and upper reinforcement, 0ø8mm/m’ stirrups reinforcement. 

3.1. Input loadings 

     A time history analysis was carried out using El Centro earthquake which has 

maximum acceleration 0.5g (figure 2) the earthquake affects on Y directions of the tested 

model. 
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Fig. 1. Structural plan of the tested models 

 
 

 

 

 

 

 

 

 

 

Fig. 2. El Centrio Model Vibration 

4. Results and Discussion 

     Three models were undertaken, three different rectangularity ratios (length / width ratio 

 .to discuss the effects of slab diaphragm on the 3D frame seismic analysis (1:3 س 1:2 - :1 =

The effects of slabs thickness or absence was measured by the values of displacement of 

some selected points (point (1) and point (2) as shown in figure 1) and compare its 

displacements values in direction perpendicular on the length of the tested models to show 

after that the effects of slab diaphragm on base shear. 

First: Study the effect on lateral displacements values: 

In this part, in purpose to show the in-plan deformation and the effect of diaphragm on the 

lateral distortion of the floor plan, three main analyzed cases will be discussed as follows: 
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The first case 
     Figures (3-i, 3-ii, 3-iii and 3-iv) represent the displacements in y direction for the 

selected points (1), (2) in case of 30 story building, 2x6 bay (rectangularity ratio = 1:3 as 

shown in figure 1-i) and various slab cases (No slab, 8cm, 10cm and 12cm). 

Figure (3-i) shows the comparison between displacement in y direction for points (1) and 

(2) in case of no slab, at floors (from 9 to 30 stories) there is a clear difference between the 

two selected points in average 21.7 % against 5.5% in the first nine floors, this means that 

these points are deformed each one alone. figure (3-ii) using 8cm slab (diaphragm) shows a 

less diversion between the two values of displacements in y direction for all floors except a 

slightly difference between the two points displacements in the last floors in average= 1.4 

%. And for figure (3-iii) using a 10cm slab less diversion occurred, while in figure (3-iv) 

with using 12cm slab thickness, the difference between lateral displacement (Uy) of points 

(2) and (1) = zero all over the building (rigid floor diaphragm effect). 

 So it can be stated that: 

1. By increasing slab thickness the difference between points (1) and (2) 

displacements are reduced, reaching zero in high stiffness slab such as in case of 

12cm. (means that by increasing slab thickness, the slab acts as a rigid diaphragm).  

2. Increasing slab thickness (stiffness) reduces the average lateral displacements 

values. This inverse relation is demonstrated in the below two examples: 

2-1 The average displacements were 24.7, 17.41, 16.8 & 15.1 in the four scenarios 

of slabs thickness (no slab, 8, 10, 12cm) respectively. 

2-2 By monitoring the reduction in displacements of each point (1) and (2) 

separately, when increasing slab thickness from zero thickness (no slab) to 12cm, 

the below reductions percentages in the point’s displacements were occurred:  

o 31% for point (1) and 35.6% for point (2) in the first floor. 

o 24.9% for point (1) and 41.3% for point (2) in the last floor. 

3- The maximum displacement occurred in the four cases in the last floor while the 

minimum displacement occurred in the first floor, it was also noticed in no slab 

case that after the eighth floor approximately the diversion started to be more 

significant and the higher story have bigger difference between the displacements 

of the two points (1,2).              

                                    

         

 
 

 

 

 

 

 

 
Fig 3. i. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x6 bay and no slab model 
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Fig. 3. ii. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x6 bay, 8cm slab model 

 

 

 

 

 

 

 

 

 

 

Fig. 3. iii. Comparison between lateral displacements of points (1) and (2) in 30 

story building, 2x6 bay, 10cm slab model 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 3. iv. Comparison between lateral displacements of points (1) and (2) in 30 

story building, 2x6 bay, 12cm slab model 

 



2070 

M. N. Mohamed et al., Effect of slabs in space framed structures under seismic loading, pp. 2065 - 2078 

Journal of Engineering Sciences, Assiut University, Faculty of Engineering, Vol. 41, No. 6, November, 

2013, E-mail address: jes@aun.edu.eg 

33 36.42

0

5

10

15

20

25

30

0 5 10 15 20 25 30 35 40

F
lo

o
r 

n
o

.

Dis.(cm)

point (1) point (2)

The second case 

     Figures (4-i, 4-ii, 4-iii and 4-iv) represent the displacements in y direction for the 

selected points (1), (2) in case of 30 story building, 2x4 bay (rectangularity ratio = 1:2 as 

shown in figure 1-ii) and various slab cases (No slab, 8cm, 10cm and 12cm).  

Figure (4-i) shows the comparison between displacement in y direction for points (1) and 

(2) in case of no slab, there are clear differences between the two selected points in average 

equal 11.7%, this means that these points in general are deformed each one alone. On the 

other hand from figures (4-ii), (4-iii) and (4-iv) using 8cm,10cm & 12cm slab (diaphragm) 

respectively, it is so clear that the difference between lateral displacement (Uy) of points 

(2) and (1) equal zero all over the building, (means that, the slab worked as a rigid diaphragm. 

 So it can be stated that: 

1.  By increasing slab thickness the difference between points (1) and (2) displacements 

are reduced, reaching zero in high stiffness slab (as in slabs thickness 8, 10 and 12 

cm cases), means that by increasing slab thickness, the slab acts as a rigid 

diaphragm. 

2. Increasing slab thickness (stiffness) reduces the average lateral displacements values. 

This inverse relation is demonstrated in the below two examples: 

2-1 The average displacements were 18.6, 14.7, 13.3 & 12 in the four scenarios of 

no slab, 8, 10, 12 cm slab thickness respectively (means that by increasing slab 

thickness the displacements were reduced). 

2-2 By monitoring the reduction in displacements of each point (1) and (2) 

separately, when increasing slab thickness from zero thickness (no slab) to 

12cm, the below reductions percentages in the point’s displacements were 

occurred:  

 7.5% for point (1) and 21.3 % for point (2) in the first floor 

 33% for point (1) and 39% for point (2) in the last floor 

3. The maximum displacement occurred in the four cases in the last floor while the 

minimum displacement occurred in the first floor, it was also noticed in no slab 

case that the higher story have bigger difference between the displacements of the 

two points (1,2). 

 

 

 

 

 

 

 

 

         

 
 

Fig. 4. i. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x4 bay and no slab model 
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Fig. 4. ii. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x4 bay, 8cm slab model 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. iii. Comparison between lateral displacements of points (1) and (2) in 30 

story building, 2x4 bay, 10cm slab model 

 

 

 

 

 

 

 

 

 

Fig. 4. iv. Comparison between lateral displacements of points (1) and (2) 

in 30 story building, 2x4 bay, 10cm slab model 
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The Third Case 

     Figures (5-i, 5-ii, 5-iii and 5-iv) represent the displacements in y direction for the 

selected points (1), (2) in case of 30 story building, 2x2 bay (rectangularity ratio = 1:1 as 

shown in figure 1-ii) and various slab cases (No slab, 8cm, 10cm and 12cm).  

From figures (5-i, 5-ii, 5-iii and 5-iv) it can be observed that, although the reduction of 

maximum displacement by increasing slab thickness, there are a difference between the 

lateral displacements in all cases between the two points. Also it is the only case between 

the three cases that point (1) displacements values are more than point (2)  

 So it can be stated that: 

1. By increasing slab thickness the difference between points (1) and (2) displacements 

are reduced, (Average differences = 40/% in case of no slab, and equal = 38.5% in 

the three other cases when slab thickness = 8cm, 10cm, 12cm) (flexible floor 

diaphragms effect). 

2. There is inverse relationship between slab thickness and points lateral displacements 

.for example: 

2-1 The average displacements were 16.7, 14.6, 13.0 & 12.1 in the four scenarios of 

no slab, 8, 10, 12 cm slab thickness respectively. 

2-2 By monitoring the reduction in displacements of each point (1) and (2) 

separately, when increasing slab thickness from zero thickness (no slab) to 12cm, the 

below reductions percentages in the point’s displacements were occurred:  
o In the first floor, by 26.2% for point (1) and 17.6% for point (2). 

o In the last floor, by 26.3% for point (1) and 26.1% for point (2). 

3.  The maximum displacement occurred in the four cases in the last floor while the 

minimum displacement occurred in the first floor, it was also noticed in no slab 

case that the higher story have bigger difference between the displacements of the 

two points (1,2).              

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. i. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x2 bay and no slab model 
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Fig. 5. ii. Comparison between lateral displacements of points (1) and (2) in 

30 story building, 2x2 bay, 8cm slab model 

 
       

 

 

 

 

 

 

 

 

 

 

Fig. 5. iii. Comparison between lateral displacements of points (1) and (2) 

in 30 story building, 2x2 bay, 10cm slab model 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. iv. Comparison between lateral displacements of points (1) and (2) in 30 

story building, 2x2 bay, 12cm slab model 
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The effect of rectangularity ratio on lateral displacements values: 
From the above three cases, the below findings were observed 

 When comparing the effect of the slab thickness (diaphragm effect) in the three 

rectangularity ratio cases (1:1, 1:2, 1:3), it can be stated that, slab thickness has a strong 

influence on reducing the average lateral displacements and this influence are increased 

by increasing rectangularity ratio, as illustrated by the below example and shown in table (1): 

 In the first case: when rectangularity ratio=1:3, increasing slab thickness from no 

slab scenario to 12cm thickness leads to decrease the average lateral displacements 

by 38.9% 

 In the second case: when rectangularity ratio=1:2, increasing slab thickness from 

no slab scenario to 12cm thickness leads to decrease the average lateral 

displacements by 34.9% 

 In the third case: when rectangularity ratio=1:1, increasing slab thickness from no 

slab scenario to 12cm thickness leads to decrease the average lateral displacements 

by 28.1% 

From the above it is clear that by increasing the rectangularity ratio the reduction occurred 

to the lateral displacement when increasing slab thickness become more significant. 

Table 1.  

indicates the average displacements (cm) of the two point (1,2) for 30 story 

building 

Average. 

displacements 

(cm)  

Rectangularity 

Ratio 

No slab 

case 

Slab thickness (cm) 

8cm 10cm 12cm 

1:3 (2x6 bay) 24.7 17.4 16.8 15.1 

1:2 (2x4 bay) 18.6 14.7 13.3 12.1 

1:1 (2x2 bay) 16.7 14.6 13 12.0 

It is worthy to mention that in no slab case, the lateral displacements of point (1) are less 

than the lateral displacements of point (2) , this is occurred in two cases of rectangularity 

ratio (1:3 and 1:2), while in case of rectangularity ratio 1:1 the lateral displacements of 

point (1) are more than the lateral displacements of point (2). 

Second: Study the effect on base shear values: 

     Figure 6 indicates the differences between the values of base shear for the three models 

with fixed stories no =30 story and different rectangularity ratio (1:1, 1:2 and 1:3) with 

various slab thickness. 

From figure 6, the below relationships can be estimated: 

 There is direct relationship between base shear value and slab thickness, this س 1

relationship is indicated in the below percentages: 

o In case of rectangularity ratio = 1:3, the increasing percentage in base shear value = 

211% when increasing slab thickness from no slab case to 12 cm thickness.   

o In case of rectangularity ratio = 1:2, the increasing percentage in base shear value = 

317% when increasing slab thickness from no slab case to 12 cm thickness. 

o In case of rectangularity ratio = 1:1, the increasing percentage in base shear value = 

375% when increasing slab thickness from no slab case to 12 cm thickness. 
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From the above percentages, it is obviously obtained that when increasing slab thickness 

and decreasing the rectangularity ratio the influence of slabs thickness in increasing base 

shear value become more effective and clear. 

  .There is direct relationship between base shear value and rectangularity ratio س 2 

- The base shear value increased in average by 54% when increasing rectangularity 

ratio from 1:1 (2x2 bays) to 1:2 (2x4) case. 

- The base shear value increased in average by 27% when increasing rectangularity 

ratio from 1:2 (2x4 bays) to 1:3 (2x6) case. 

 

 
Fig. 6. Comparison between base shear values in 30story building with 

various rectangularity ratios 1:1, 1:2 and 1:3 (2x2, 2x4 and 2x6 bays) 

models with different slab thickness 

4. Conclusions 

     According to the results obtained from the studied cases it can be stated that slab in-

plane stiffness (Diaphragm) has significant influence in the response of high-rise building 

under seismic loading, this influence can be concluded as follows: 

1. Influence on the lateral displacements: 

 Increasing slab thickness under seismic loading, works on reducing the overall average 

lateral displacements of the building.  

 Additionally, the thickness of the slab (diaphragm effect) has a strong influence on 

reducing the differential lateral displacements hence avoiding as possible any probable 

distortion.  

And so, it can be concluded that, in this study there is an inverse relationship between 

slab in-plane stiffness (thicknesses) with both lateral displacements and differential 

lateral displacements. 

 Slab in-plan stiffness has a clear influence on reducing the average lateral 

displacements and this influence increases by increasing rectangularity ratio as 

follows: 

- The average decreasing percentage that occurred to lateral displacements due to 

increasing slab thickness from zero slab to 8cm to 10cm to 12cm, for the three 

rectangularity ratios 1:1, 1:2 and 1:3 are 31.2%, 39.5% and 43.1% respectively. 
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 Increasing rectangularity ratio leads to increase lateral displacements values, The 

corresponding average displacements values for 30 story building with slab thickness 

= 10cm were 16.8, 13.3 and 13.0 cm for rectangularity ratios = 1:3, 1:2 and 1:1 

respectively. 

 There is direct relationship between number of stories and both lateral displacements 

values and the differential lateral displacements. 

2. Influence on the base shear values: 

Also the present study introduced an analysis concerning the effect of slab thickness 

(lateral stiffness) and rectangularity ratio on the value of base shear under seismic loading, 

and from this study the below relationships can be stated as follows: 

 There is direct relationship between base shear value and slab thickness, in addition to 

that it is obviously obtained that when increasing slab thickness and decreasing the 

rectangularity ratio the influence in increasing base shear value become more 

significant as follows: 

- By increasing slab thickness from zero slab case to 12 cm thickness in 30 story 

building the percentage increasing in base shear values were: 211%, 315% and 

375% for rectangularity ratios 1:3, 1:2 and 1:1 respectively.    

 There is direct relationship between base shear value and rectangularity ratio. The base 

shear value increased in average by 40.5% when increasing rectangularity ratio in the 

two following cases: from 1:1 (2x2 bays) to 1:2 (2x4 bay) and from 1:2 (2x4 bays) to 

1:3 (2x6 bay). 

Finally, based on the above results, this research proved that the slab in-plane stiffness 

(floor diaphragm action) plays clear and important role in decreasing the overall lateral 

displacement of the high-rise building under seismic loading, also it works on reducing 

differential lateral displacements. Furthermore increasing building rectangularity leads 

to increasing the effectiveness of slabs for decreasing lateral displacements values.  

 Also through the presented study, it was proved that there are direct relationships 

between base shear value and both of slab thickness and rectangularity ratio.  

 So, it can be seen from the study that the slab actually is acting important role to 

increase the overall in-plan stiffness of the models leading to increase the base shear 

and reduce both lateral displacements and in-plan deformation (lateral distortion). 

However, the Egyptian code (201/2008) neglects the effect of slab in-plane stiffness 

(thickness) in calculating both base shear values and lateral displacements, leading to 

high displacements values and low base shear far from the actual behavior resulting in 

an inaccurate design. 

 

Therefore, this study strongly recommends that such important parameter, Diaphragm 

effect (slab thickness) should be taken into account in computing base shear value and 

lateral displacements in multi-story building under seismic loading. 
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 ήتحت تأثي Δاغيήالف ήاأط Εمنشآ ϰف Εالباطا ήالحمل الزلزاليتأثي 
 العήبيالملخص 

 Δاسέالد ϩάدف هϬك لتϤس ήلتحقق من تأثيΔاطΒا(  للدا الودلاإ اائيدف    الήدفئ )الدداافرΒϤتادف   للέلفليد  ار
 . الΰلΰال الااقعΔ تحت تأثيή الحϤل 

لفليدΔ ارέتادف  تد  مϨيΕ اأطή الاήاغيدΔ للا تحت تأثيή الحϤل الΰلΰال  الΒاطفΕ )الدافرήا(   تأثيήدέاسΔ ل
Ϩود  تϭ ( ϭ έϭ 0اέتادف  الددέϭ    03 اΕ اέتادف  ثفتدت   مϨيدΕ )ئϤدف  لϤل التحليل ارئيف ا لعدد  ثدا  

(  νήالع / ϝالطا ΔΒئو( Δمختلا Δف    0:1 س 2:1 س 1:1استطفلϤال ك:  

 0:1  : لνή تϨوΔΒ طاϝ( 03×(12 اأϝϭ:الϤϨا    - 1

 2:1: لνή   تϨوΔΒ طاϝ( 22×(12 :الثفئ الϤϨا    - 2

 1:1: لνή   تϨوΔΒ طاϝ( 12×(12 :الϤϨا   الثفلث - 0
 Εا  ΔوتخدمϤف   الϤϨال ( Δرقي ήفصϨلΕاήϤϜتأتعف   ال Δ22   ثفتتx23  فϤϨس  تي Δسديήال ήفصϨالع Εمقفسف

 ΓدϤب  )األ دΒ03تx03   ر س  έϭالدϝϭضدع  اأϭ تقلدي   رد مع έدفΒتعدف ارلت  ϝعددϤدا  تϤسد  كدل  2الع
 رد تد  لϤدل  έاسدΔ الϤقفέئدΔ لليϬدف  التد ϭالΒاطدفΕ  سد  έϭ 23x23ان من ارتجفهين , اقل مقفα للعϤا    

هدϩά س   كϤف تϤت الدέاسدΔ ااادف تادνή لدد( ϭادا  الΒاطدفΕ. 12 سس  13 سس  8 الϤϨف   الϤختلاΔ تأسϤفإ
 .έϭللا كفمل موطح الد ΕاطفΒال 

 الاخ Δاسέت الدϤت ϝاΰلΰا لϨمΰف   تفستخدا( الوجل الϤϨلل ΔطيElcentro  هفέدا  مقدداμق Δاليΰلί Δتعجل
0.5 g  ئفمج التحليلήت  التحليل تفستخدا( تϭ  2333سفب  اائيفSAP. 
  Δاسέلدϭήد  التأثيϨل ΕاطفΒفتج من الϨل الϤالح ήال تأثيΰلΰال  Δئدέدل مقفϤتاف  ت  لέار Δلفلي ΕيفϨϤللا ال

  ϭ ήلϝا   اأرعفϤل ئϜل ΔفتجϨك  الϤس ήمع تغييΔاطΒال ϝاأرعف  ϭ έϭ  الت Ϥف ها: تتϬاستέ  

  Εاحفίاا Δاأرقي (έϭ  للا موتا  كلUy    

    يأ القفلديقا  القϨϤل. للϜك 

  را مϨتμف 2  للا طήف الϤϨا   ϭ ئقطΔ )1ئقطΔ ) لϨقطتينلϜل  έϭ را الϤϨف    ااίاحفΕ حيث ت  تعيين
 -:اآتيΔللϤϨف   الϤختلاΔ اϜϤن تلخي  الϨتف ج  اائيف  التحليل  ·اήاءالΒاطΔ تعد 

 Εاحاίاإ  Δضيήللمنشأالع Lateral displacements 

مϤدف ادϨعϜع للدا ίادف Γ اودفءΓ الϨΒϤدا كϜدل ريقدل متاسد   تϬفتΰادد اودفء الΒاطΔلاحظ ائ  تΰاف Γ سϤك    1
Εاحفί· لϜا كϨΒϤال. 
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صداή  ·لداليμدل  ااίاحدΔ  ردا ϭ  2 )1كϤف اί ϥاف Γ سϤك الΒاطΔ اعϤل للا تقليل الاήق تين الϨقطتين )   2
 Εالجوفءا Εرا حفرΔدا   الثفلدث  العفليϤϨرا ال ϝف ها الحفϤك .ΕاطفΒ12للx03  Εدد اسدتخدا( تاطد   اϨل )

 .س 12سϤك  

للϨΒϤا كϜل ϭالاήق را  العήضيΔمن ارίاح   ϭكاا  الΒاطΔتين سϤك  لϜويΔ لاقΔهάا ϭاϜϤن القاϝ ائ  هϨفإ 
Εاحفίقفط.تين ال ااϨ   

)للدا ااίاحدفί Εاف Γ قدΓέ الΒاطفΕ )الدافرήا(  للا تقليل قيί ΔϤاف Γ ئوΔΒ الطاϝ الا العνή  اμفح    0
ϝثفϤيل الΒس ΔϤق  را قيϨمتاس  ال : Εاحفίك ااϤس Γ افί Δرا حفلΔاطΒتدعتين  الέاأ  Δتاطد ϥϭتدد( Εحدفر

 ϭ8  ϭ  13سدد ϭ  متاسدد  12سدد ϥسدد   رددفνارئخاددف  ΔددϤرددا قي Εاحددفί01.2  اا ϭ %0..2 ϭ %20.1 %
 νήالا ل ϝو  طاϨ1:1ل  ϭ1:2  ϭ1:0   . تيήتفلت 

 تااد لاقΔ طή ا  تين لد  اأ ϭاϭ έكاا من قي  ·ίاحفΕ الϨΒϤا ϭ الاήق را ااίاحفΕ تين الϨقفط.     2
  القص ϯϮقϱالقاعد Base Shear 

2     Δا تااد لاق ήقا  الق   ط ΔϤقي ϭ  Γالجوفء( ΔاطΒك الϤالقفلديتين س. 
3     Δا تااد لاق ήتين  طνήالا الع ϝالطا ΔΒقا  الق   ئو ΔϤقي ϭالقفلدي 

 ΕيدϨϤللدا الودلاإ اائيدف   ل ήا(  لد  تدأثيήالدداافر( ΔاطدΒك الϤسد ϥ اتادح Δاسدέالد ϩάهد ϝمن خا ήاأطد
تدΰ ا  الΒاطدΔ    تΰادف Γ سدϤكϭهάا حيدث تΒدين ائد الاήاغيΔ لفلي  ارέتاف  الااقعΔ تحت تأثيή الحϤل الΰلΰالا .

 ΔϤتقليل قيϭ  الق  القفلد ΔϤقي Γ افί الا   Άا اάه ϭ لϜا كϨΒϤال Γاوفء Γ افί ع للاϜعϨها مف اϭ فϬاوفءت
Εاحفίغ  من  لك ااήللا الϭ . يήμϤا  الϜال ϥ231/2338)رف.έفΒرا ارلت ήا التأثيάه άر اأخ   

 Γئاصا تاضع اوفء Δاسέالد ϩάئتف ج ه ϝا من خاάلϭΔاطΒاطد    الΒك الϤدد حودفب قدي  )سϨل έدفΒردا ارلت
 ااίاحفϭ Ε الق  القفلد  لϨϤيΕ اأطή الاήاغيΔ لفلي  ارέتاف  الااقعΔ تحت تأثيή الحϤل الΰلΰالا.
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