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          It is necessary to mention that a concrete slab and connections between exterior shell and 
interior slab, without strengthening under tension will not provide much ductility. If the slab provides 
restraint to the exoskeleton and contribute to the stability of the system, the stiffness related to the 
stress level of the slab must be carefully considered. 
 

8. Comparison of Relative Lateral Deflection 
 
Three dimensional computer analyses using program SAP2000 is utilized for final assessment of 
drift. Figure 7 is a plot of the relative lateral deflection versus story number above the base for all 
models. In this plot the relative lateral deflection is caused by earthquake in X direction. Also a plot 
of the lateral deflection for all models is shown in figure 8. The maximum lateral deflection and the 
minium lateral deflection of the structures analysis is within 2.99 centimeter and 2.22 centimeter 
respectively. Maximum lateral deflection belongs to model 2 and minium lateral deflection belongs 
to model 5. For clarity, Maximum lateral deflection of all model is seen in figure 9. Lateral deflection 
in model 3 and 1 is similar and  best model from lateral deflection point of view is model 5. Besides 
the deflected shapes show reasonable correlation near the base and verify cantilever behavior of 
buildings.  
 

 
Figure 7. Relative Lateral Deflection vs. Story Number 

 

 
Figure 8. Lateral Deflection vs. Story Number  
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Figure 9. Maximum Lateral Deflection vs. Number of Model 

 

9. Comparison of Shear Absorbing percent 
 
As mentioned, in this building the main structure is composed of RC core and the concrete 
exoskeleton system. In this system, the RC core behaves like a cantilever and the exoskeleton resists 
shear actions. These two structural elements act together and make the building stiff. For this dual 
system, there is an interaction between the core shear wall and the exoskeleton system under lateral 
load. The shear transfer is usually not very large unless there is a significant change in lateral 
stiffness of either system. In this paper, in order to capture the centeral core-exterior structure 
interaction, a plot of the shear force and shear absorbing percent versus story number is sketched 
according to Figure 10 and 11. These results are related to earthquake in X direction. The shear walls 
deflects in a flexural mode with a maximum slope at the top, while the exterior shell deflects in a 
shear mode a maximum slope at the base. As illustrated, when both of them are connected together 
and subjected to earthquake loading, the deflected shape of structure has a flexural profile in the 
lower part and a shear profile in the upper part. 
          The shear absorbing percent is ratio of shear force that is carried by centeral core or exterior 
structure to total shear force at every level. Owing to this fact that, shearwalls of centeral core has a 
cantilever behavior, at upper stories internal core would be assisted by exoskeleton system. In table 1, 
date for shear absorbing percent in shear wall of centeral core is mentioned. For model 1, shear 
absorbing percent of interior core at top of building is -49.55% that indicates centeral core not only 
absorbs earthquake force, maybe make forces in earthquake direction.  
         Due to this cause, exterior shell at 20th story, absorbs 149.55% of earthquake shear force that is 
not appropriate. One manner to correct this deficiency is decreasing thickness of shear wall. As 
shown in figure 10 and 11, from 18th story, 72 meters elevation shear force would be negative and 
then shear walls had to be omitted after 18th story (after 68 meters). With trial runs, suitable 
thickness obtained equal to 5 centimeter that isn't executive. Consequently, shearwalls had to be 
omitted where produced negative shear force. Comments on the neglecting of shearwalls at three 
upper stories, optimized ratio of height for omitting shearwalls achieved 9.0

H

h  where h and H are 

height of existed shearwalls and height of omitted shearwalls respectively. This ratio is applied for all 
model except model 4. As shown in figure 10 and 11, in model 5, from story 17, 68 meters elevation 
shear force would be negative and then shear walls had to be omitted after 17th story (after 68 
meters). therbey optimized ratio of height for omitting shearwalls achieved 85.0

H

h  where h and H 

are height of existed shearwalls and height of omitted shearwalls respectively. Additinally, As 
illustrated in table 1, shear absorbing percent of exterior shell at model 5 is the least that indicates 
model 5 is the best from the shear absorbing point of view. 
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Figure 10. Shear Force Exterior Shell-Centeral Core vs. Story Number Diagram  

 
 

 
Figure 11. Shear Absorbing Percent Exterior Shell-Centeral Core vs. Story Number Diagram  

0

5

10

15

20

25

‐500 0 500 1000 1500 2000

St
o
ry
 N
u
m
b
er

Shear Force (Ton)

Centeral Core model1 Exterior Shell model 1 Centeral Core model 2
Exterior Shell model 2 Centeral Core model 3 Exterior Shell model 3
Centeral Core model 4 Exterior Shell model 4 Centeral Core model 5
Exterior Shell model 5

0

5

10

15

20

25

‐100 ‐50 0 50 100 150 200

St
ro
y 
N
u
m
b
er

Shear Absorbing Percent for Ex

Centeral Core model 1 Exterior Shell model 1 Centeral Core model 2
Exterior Shell model 2 Centeral Core model 3 Exterior Shell model 3
Centeral Core model 4 Exterior Shell model 4 Centeral Core model 5
Exterior Shell model 5 ٠% ١٠٠%



Figure 1. Date for shear absorbing percent in shear wall of centeral core 
Maximum negative shear 

absorbing percent 
Number of story with negative shear 

absorbing percent
Number of 

model 
-49.55 2 Model 1 
-27.30 2 Model 2 
-29.33 2 Model 3 
-33.51 3 Model 4 
-20.06 2 Model 5 

  

10. CONCLUSIONS 
 
As a result of our study, the exoskeleton system is recommended for architectural planning, structural 
efficiency and stability. This system resists lateral forces efficiently by its bending or shear action. 
Recently the exoskeleton system has been applied to tall concrete buildings because of its structural 
efficiency. More checks and researches are required to ensure the stability of the building and 
efficiency of construction because few have been built. If the exoskeleton system is selected for this 
building, it could become a landmark because of its unique external appearance and structural 
system. Furthermore, Applying the exoskeleton system could make singular building because of its 
unique structural system and external appearance.  
       Analytical results indicate: 

1. The maximum and minium lateral deflection is within 2.99 centimeter and 2.22 centimeter. 
Maximum lateral deflection belongs to model 2 and minium lateral deflection belongs to 
model 5. Lateral deflection in model 3 and 1 is similar and  best model from lateral 
deflection point of view is model 5. Besides the deflected shapes show reasonable correlation 
near the base and verify cantilever behavior of buildings.  

2. The shear absorbing percent by interior core at top of building vary from -49.55% to               
-20.06%. Since exterior shell absorbs 149.55%  to 120.06% of earthquake shear force.  The 
maximum of negative shear absorbing is for model 1 and best manner to correct this 
deficiency is omitting shearwalls where produced negative shear force. Comments on the 
neglecting of shearwalls, optimized ratio of height for omitting shearwalls achieved h/H=0.9 
where h and H are height of existed shearwalls and height of omitted shearwalls respectively. 

3. The minimum of shear absorbing percent is for model 5 and optimized ratio of height for 
omitting shearwalls achieved h/H=0.85 where h and H are height of existed shearwalls and 
height of omitted shearwalls respectively. 

4. Optimized model is the fifth one. So best location for openings is upper stories. 
5. This study is done for 20-story buildings that suggests to predict their seismic response in a 

taller building when subjected to sereve ground motion. 
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