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I. INTRODUCTION 

HE development of structural engineering has become 

more effective in the present decade. The fast 

development of tall buildings and software to analyze 
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these buildings invent new systems for lateral load resistance. 

One of the innovations complex systems is the diagrid system 

which gets the concerns of architectures and civil engineers. 

The main issue for the system is how to handle the 

complicated steel diagrid structures which have free-form in 

shape. The system operates as an integrated single unit. 

Diagrids are a design strategy that can resist gravity and, 

lateral loads through the triangulated framework shape 

members which eliminate vertical columns requirements. The 

main idea of the diagrid is the possible saving due to the 

removal of vertical columns. This system gives a large open 

area, and charming exposure. Diagrid structure is modeled as a 

vertical cantilever and subdivided longitudinally into a 

triangular diagrid module according to the repetitive diagonal 

A Preliminary Reduced Three Dimensional 

Model of Regular Diagrid Tall Buildings for 

Fast Seismic Analysis   

M. Naguib, Ahmed A.Ghaleb, S. Lotfy and Ahmed M. Yousef 

KEYWORDS: 

Diagrid system; 

Reduced model; 

Equivalent lateral 

force; Dynamic 

response spectrum; 

Linear time history. 
 

 Abstract— This paper introduces a reduced 3D diagrid model to save both 

time and computer memory for modeling and seismic analysis. The analysis of 

different models of steel diagrid tall buildings with variable heights and 

inclinations of diagrid is performed applying a finite element program SAP2000. 

Three clusters of diagrid buildings with different aspect ratios (height-to-width) 

and reliable optimum inclination angles are examined. The cross sections for 

diagrid elements are designed using stiffness -based design method which is 

more reliable for diagrid buildings. The 3D finite element model as a real 

structure and the proposed reduced seismic model that reducing finite element 

model up to twenty percent by canceling a specified number of floors with 

restrictions in modeling are employed. Equivalent lateral Force, dynamic 

response spectrum, and linear time history analyses are considered. A 

comparison of obtained results in terms of lateral displacement at top of the 

building, first mode period of vibration and base shear are presented. The 

conclusions reveal that the proposed reduced 3D model is convince for 

preliminary modeling and analysis of regular diagrid buildings in existence of 

seismic loads. 
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pattern. Each diagrid module is a single level of diagonals that 

elongate to a number of stories as shown in Fig. 1. 

 

 
(a) 3D view 

 
(b) x-z view                           (c) Plan view 

Fig. 1. Typical module of eight floors. 
 

Some studies on the diagrid buildings including the 

diagrid inclination angle, the node connections, and seismic 

performance factors are indicated. The optimal angle of 

diagrid elements was studied by [1]–[5]. The results showed 

that the optimal angle of high-rise diagrid buildings falls 

within 55° to 75°. A coupling of optimization and robustness 

methods for the preliminary design of steel diagrid tall 

buildings using the principle of virtual work were proposed by 

[6]. A lot of researchers examined the creation and 

development of the node connections in diagrid structures [7]–

[10]. Some studies on the seismic performance factors for 

diagrid buildings were conducted by [11]–[14]. A new method 

for determining seismic performance factors of steel diagrid 

framed systems for a number of archetypes with different 

parameters are examined by [11]. The proposed method 

reduced the efforts to compute the response modification 

factor based on nonlinear static   analysis rather than the 

iterative nonlinear dynamic time history analysis. The interior 

core is not required to resist lateral load in the diagrid system 

[3]. Building height is an effective parameter on the optimum 

angle of diagonals [15]. As the lever arm of peripheral 

diagonal columns, the diagrid structural system is more 

effective in lateral load resistance [16]. Diagrid systems can 

improve the performance against seismic loads based on 

ductility, strength and stiffness [17]. 

The main objective of this paper is to propose a reduced 3D 

model of regular diagrid tall buildings for quick seismic 

analysis. Three clusters of diagrid buildings with various 

aspect ratios and different diagrid inclination angle 60.94°, 

67.38°, 71.56° measured from the horizontal are considered 

for the analysis. All selected clusters were introduced by [5]. 
Equivalent lateral force, dynamic response spectrum, and 

linear time history analyses have been performed to evaluate 

the applicability to use the reduced seismic model in the 

preliminary analysis. 

II. VERIFICATION MODEL 

In order to verify the suggested mathematical model, a 

thirty six story steel diagrid building  by [16] is simulated 

using SAP2000. The model is shown in Fig. 2. The cross 

sections per IS:800-2007 [18] are shown in Table 1. The 

lateral seismic load and the lateral displacement along the 

height of the building are shown in Figs. 3, and 4. It can be 

seen that, good agreement is achieved, so this model is 

accurate enough to conduct the seismic analysis.  
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Fig. 2. Configuration for 36- story diagrid building 
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Table 1 

 Various cross sections for thirty-six story diagrid building 

 
Stories Diagrid (d×t) Columns Beams 

1-18 45 cm × 2.5 cm 150 cm× 150 cm 

Built up 

columns 

 

B1 = B3 =ISMB 550 

B2= ISWB 600 with top 

and bottom Cover plate of 

22 cm× 5 cm 
19-36 37.5 cm× 1.2 cm 
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Fig. 3. Story shear along height of 36- story diagrid building. 

 

 

 
Fig. 4. Lateral displacement a long height of 36- story diagrid building 

III. METHODOLOGIES 

A. Three- dimension Model 

Three-dimensional modeling of diagrid buildings is 

essential because of the global behavior which cannot be 

simplified. It presents a more acceptable behavior to the real 

structure but, it needs more time for modeling and analysis 

with enlargement in internal memory of computers. In three-

dimension modeling, the beams, columns and diagonals are 

treated as line elements and the slabs as shell elements. The 

structure is exposed to complete seismic load and resist the 

load by the gross stiffness and mass. 

B. Reduced Diagrid Model 

In this paper, the simplified shear beam model that introduced 

by [19] was followed and a simplified diagrid model is 

proposed by defining an equivalent stiffness and mass for 

diagrid  elements, as shown in Fig. 5. This approach reduces 

the modeling time and calculations steps. The equivalent 

stiffness is computed herein based on the formula of springs in 

series as follows 

 

   
 
 

  
 
 

  
 
 

  
                                                                

The mass is automatically modified for the slabs and 

beams based on the cancelled floors. Since, the mass for 

columns and diagrids are modified based on the following 

equation 
 

   

 
 

  

 
 

  

 
 

  

                                                             

Since, the seismic load depends on the mass; the reduced load 

is automatically modified with the reduction of the mass. 

 

 
Fig.5. Equivalent Stiffness and mass for diagrid element 

 

In order to simplify the model, the procedures are as 

follows; numbers of floors are reduced to be a half, third, 

quarter, or fifth of the total numbers. The condition for 

different reduced floors is shown in Table 2. The stiff solution 

of slabs is modeled by constrained the slab as rigid diaphragm. 

The equivalent stiffness and mass for various elements is 

defined by factoring the stiffness and the mass modifier in 

finite element modeling (based on property/stiffness modifiers 

[20]). The length of vertical columns and diagonal columns 

are varying increased from two to five times of the original 

element according to the cancelled number of floors. The 

seismic load is automatically modified according to the 

reduction of the introduced equivalent mass. The results of 

base shear and internal forces are magnified to more equalize 

the original model by a factor equal to (no of cancelled floors 

+1).  Figures 6 to 8 show samples of the reduced modules for 

diagrid. 
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(a) Original (b) Reduced to half 

Fig. 6. Typical module of four floors 
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Condition for different reduced models 
 

No of floors in half 

module 

No of cancelled floors 

1 2 3 4 

Two √ × × × 

Three × √ × × 

Four × √ √ × 

Five × × × √ 
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(a) Original (b) Reduced  to third 

Fig. 7. Typical module of six floors  

 

 

 

 

 

 

 

 

 

 

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

md
kd

ms+b

ms+b

ms+b

ms+b

ms+b

ms+b

ms+b

ms+b

ms+b

ms+b

md/4

kd/4
md/4

kd/4 md/4

kd/4

md/4

kd/4 md/4

kd/4

md/4

kd/4

md/2

kd/2

md/2

kd/2

md/2

kd/2

md/2

kd/2

md/2

kd/2
md/2

kd/2

md/2

kd/2 md/2

kd/2

md/2

kd/2

md/2

kd/2

md/2

kd/2

md/2

kd/2

 
(a) Original model (b) Reduced to quarter (c) Reduced to half 

Fig. 8. Typical module of eight floors 

IV. FINITE ELEMENT MODEL 

Finite element models are considered using SAP2000. Two 

types of elements are used to simulate beams, diagonals, 

columns, and slabs. The simulation of beams, columns, and 

diagonals is done by using frame element (line element). The 

frame element has six degrees of freedom which is branched 

to three translations and three rotations. The simulation of 

slabs is done by using shell element (plane element). The shell 

element has six degrees of freedom which is branched to three 

translations and three rotations. All base joints are restrained 

as fixed in all directions. The methods for modeling are: three 

dimensional modeling which is referenced as original model 

and reduced 3D model which is referenced as reduced model. 

The original and the reduced three-dimension module of eight 

floors are shown in Fig. 9. The analysis is done using a work 

station PC with processor (Intel (R) Xeon (R) CPU E5620 @ 

2.40 GHz  2.40 GHZ (2 processors)) and installed memory 

(RAM) 24.0 GB. 

 

  
(a) Original (b) Reduced to quarter 

Fig. 9. Typical 3D module of eight floors 

 

 

V. ANALYSIS MODEL STRUCTURES 

Three clusters are selected to cover the optimum range of 

diagrid inclination angles based on the state of art for diagrid 

buildings. The variations in the aspect ratio and the number of 

floors in typical module are suggested to check the reduced 

model results for various configurations.  All clusters have a 

square plan dimension of 40.0 m. Each cluster consists of six 

models with various aspect ratios. The first cluster has aspect 

ratio ranging from 6 to 3, and its typical story height is 3.0 m. 

The diagrid elements are connected to every 8 stories and 

make an inclination angle of 60.94° measured from the 

horizontal. The second cluster has aspect ratio ranging from 8 

to 4, and its typical story height is 4.0 m. The diagrid elements 

are connected to every 8 stories and make an inclination angle 

of 67.38° measured from the horizontal. The third cluster has 

aspect ratio ranging from 8 to 3 and its typical story height is 

4.0 m. The diagrid elements are connected to every 10 stories 

and make an inclination angle of 71.56° measured from the 

horizontal. The deformations have been controlled for 

buildings to behave linearly and elastically due to equivalent 

lateral seismic force mentioned in section VI. The cross 

sections for diagrid elements are empirically suggested using 

stiffness-based design according to the following formulas [1]: 
 

    
M L     S      

 N
 
           S      
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 Nw          
 
                                                                 

The three clusters are shown in Fig. 10. A standard steel 

ASTM A500 [21]: grade B is used. The 16 inner vertical 

columns are square steel tubes with Fy = 31.72 kN/cm
2
. They 

have outer dimensions varying between 135 cm × 135 cm and 

50 cm × 50 cm and wall thicknesses range between 4.6 cm, 

mailto:E5620@2.40GHz
mailto:E5620@2.40GHz
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and 2.0 cm. The diagrid elements are circular steel sections 

with Fy = 28.96 kN/cm
2
. They have an outer-diameter varying 

between 179.0 cm and 40.0 cm with wall thicknesses range 

between 6.0 cm, and 1.3 cm. Distribution of each diagrid 

element cross-section along height for the three clusters is 

shown in Fig. 11. Building models are generated using a 

FORTRAN program which is constructed by [5] for importing 

$2K file to SAP2000 [7]. All masses are modeled as lumped 

translational masses in global axes at all joints of the model. 

The mass is sourced from dead load plus 25% of live load. 

The floor slabs are defined as concrete sections with 

compressive strength of 2.76 kN/cm
2
 and thickness of 20.0 

cm. All slabs (shell elements) are meshed with maximum size 

of 1.0 m. The used outer beams outer rectangular tube (30 × 

60 cm) with wall thicknesses (0.8 × 1.3 cm) and the used inner 

beams are rectangular tube (20 × 45 cm) with wall thicknesses 

(0.9 × 1.4 cm).  
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(a)  X-Z view of cluster 1. 
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(c)  X-Z view of cluster 3. 
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(d)  Cumulative plan view of clusters 1 and 2 
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Fig. 10 Views for the three clusters 
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(a) Cluster 1 

 

 
(b) Cluster 2 

 
(c) Cluster 3 

Fig. 11. Area of diagrid element for each floor 

VI. LOADING ASSUMPTIONS 

All clusters are analyzed based on different methods of 

seismic analysis according to ASCE7-10 [22]. The methods 

are equivalent lateral force, dynamic response spectrum and 

time history analyses. Before seismic analysis, modal analyses 

are carried out for the elastic behavior with a number of modes 

achieving greater than or equal to 90% of mass participating 

ratio. All seismic loads are applied in X-direction. For the 

equivalent lateral force and dynamic response spectrum, the 

design seismic parameters are selected to match a moderate 

zone of earthquakes and to confirm the linear behavior as 

following [22]: SDS =0.2242g, SD1 =0.0816g, Ct =0.02, x=0.75, 

R=1.0, site class is C, Ie=1.0, and TL =6 s. For the dynamic 

response spectrum, the response spectrum curve is generated 

as shown in Fig. 12. Incorporation of the member end forces is 

done using the complete quadratic combination (CQC) 

technique.  
 

 

 
Fig. 12. Response spectrum curve 

 

For the linear dynamic time history (Modal superposition), 

a Scaled El Centro acceleration record is used. El Centro 

earthquake record is extracted from Strong Motion Center [23] 

then, the baseline is corrected using SeismoSignal software 

[24] then, the record is scaled in the time domain to simulate 

the previous selected seismic parameters. ETABS [25] is used 

to extract the scaled El Centro record to match the same 

frequency content of El Centro record . Various spectrums and 

histories for the matching process are shown in Figs. 13 and 

14. The analysis is done for 55 s with a time step of 0.02 s.  

 

 
Fig. 13. Spectrum for the original and matched record 
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Fig. 14. Acceleration history for the original and matched record 
 

The damping matrix is treated for dynamic response 

spectrum and time history analyses using Rayleigh damping 

equation [26] which in the form: 
[ ]   [M]   [K]                                                                

Where          are two constants can be computed from the 

following equations:  

             
                                                                        

    
 
 
  

 
        

  
    

 
                                                                  

   The first mode damping ratio is proposed by [27] for steel 

buildings as following: 

   
 
                                                                                

The higher modes damping ratios are obtained by [28] using 

the following equation: 

 ( )  
 
[   

 
 
  

  
   ]                                                        

Where;   
 
       for steel braced frame buildings which can 

be used for diagrid structures. 
 

The Rayleigh damping needs two significant modes of 

vibrations. The first 13
th

 modes of vibration satisfy the 

significant mass participation factor of almost 90% as shown 

in Table 3 for lateral translations. So, the first mode and the 

13
th

 mode are satisfactory for the computations of Rayleigh 

damping as shown in Table 4. 
 

TABLE 3 

THE CUMULATIVE MASS PARTICIPATION FACTOR FOR THE FIRST 
THIRTEEN MODES 

Cluster H/B 

The cumulative significant mass 

participating factor for the lateral 

translations X and Y 

X-direction (%) Y-direction (%) 

1 

6 89.7338 89.7338 

5.4 90.2329 90.2329 

4 90.4109 90.4109 

4.2 90.986 90.986 

3.6 91.2411 91.2411 

3 91.3072 91.3072 

2 

8 91.9525 91.9525 

7.2 91.8044 91.8078 

6.4 92.2407 92.2407 

5.6 92.5206 92.5206 

4.8 92.8081 92.8081 

4.2 92.5115 92.5118 

3 

8 91.9861 91.9861 

7 92.1882 92.1882 

6 92.4055 92.4055 

5 92.7594 92.7593 

4 92.6883 92.6883 

3 92.3523 92.3523 

 

 

VII. ANALYSIS OF RESULTS 

For comparison between the original (three dimensional) 

and reduced model, four methods are used in the analysis as: 

1-Modal (free vibration) 

2-Equivalent lateral force (ELF) 

3-Dynamic response spectrum (RSP) 

4-Linear time history (LTH) 

The heights of the analyzed buildings are ranged from 120.0 

m to 320.0 m with inclinations of diagrid ranged between 

60.94º and 71.56º. 

The results showed that,  

 With reference to Table 5: 

For the first method (modal analysis), 

 A good agreement is noticed between the original and 

reduced models for the first mode period of vibration. The 

error ranges between 2.36% and -14.02% for all buildings. 

 With references to Fig. 15 and Table 6: 

For the second method (equivalent lateral force),  

The top displacement error between the original and 

reduced models ranges from 5.59% to -2.08% with building 

heights of 120.0m to 240.0m in case of half reduction. For 

quarter reduction, it ranges from 3.64% to -7.39%. For 

comparison between two models the results showed that the 

base shear error ranges from -0.15% to -0.32% (half 

reduction) and -1.12 % to -1.33% (quarter reduction).  

The top displacement error between the original and 

reduced models ranges from 5.15% to -3.63% with building 

height of 160.0m to 320.0m in case of half reduction. For 

quarter reduction, it ranges from 9.7% to -1.79%. For 

comparison between two models the results showed that the 

base shear error ranges from -0.29% to -0.34% (half 

reduction) and -1.29% to -1.36 % (quarter reduction). 

The top displacement error between the original and reduced 

models ranges from 3.17% to 19.02% with building height of 

120.0m to 320.0m in case of fifth reduction. For comparison 

between two models the results showed that the base shear 

error ranges from -0.15% to -0.32% in case of fifth reduction. 
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TABLE 4 

DAMPING PARAMETERS FOR ALL MODELS. 

 
Cluster Aspect 

ratio 
𝒇𝟏 

(Hertz) 

𝒇𝟏𝟑 

(Hertz) 

𝝃𝟏 𝝃𝟏𝟑 𝜶 𝜷 

 

 

 

1 

6.0 0.152898 2.005533 1.39 3.58 0.0216 0.00546 

5.4 0.165590 2.008229 1.46 3.57 0.0244 0.005505 

4.8 0.181620 2.02333 1.55 3.59 0.0282 0.005473 

4.2 0.202281 2.043768 1.68 3.67 0.0338 0.005511 

3.6 0.229522 2.075374 1.86 3.8 0.0419 0.005476 

3.0 0.30016 2.117161 2.1 4.02 0.054 0.00573 

 

 

 

2 

8.0 0.116711 1.712913 1.27 3.53 0.0152 0.006429 

7.2 0.129968 1.719728 1.3 3.37 0.0172 0.006091 

6.4 0.142109 1.74877 1.35 3.33 0.0194 0.005901 

5.6 0.158877 1.812241 1.43 3.36 0.0228 0.005725 

4.8 0.17734 1.837507 1.55 3.44 0.0274 0.005754 

4.0 0.214289 1.965475 1.73 3.57 0.0365 0.00542 

 

 

3 

8.0 0.116249 1.446684 1.27 3.16 0.0149 0.006778 

7.0 0.132188 1.527470 1.31 3.11 0.0174 0.006292 

6.0 0.147507 1.536984 1.39 3.09 0.0205 0.00618 

5.0 0.170101 1.638429 1.52 3.23 0.0256 0.006034 

4.0 0.198747 1.690392 1.73 3.42 0.0336 0.006142 

3.0 0.259629 1.870904 2.1 3.79 0.0524 0.006064 
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The equivalent lateral force is a simple method to perform the 

seismic analysis but, it neglects the contributions of the higher 

modes. 

 With references to Fig. 16 and Table 7: 

For the third method (dynamic response spectrum),  

The top displacement error between the original and reduced 

models ranges from 1.42% to -0.6% with building height of 

120.0m to 240.0m in case of half reduction. For quarter 

reduction, it ranges from 4.02% to -2.63%. For comparison 

between the original and reduced models the results showed 

that the base shear error ranges from 1.95% to -12.01% (half 

reduction) and 7.77% to -7.95% (quarter reduction). 

The top displacement error between the original and reduced 

models ranges from 0.61% to -1.85% with building height of 

160.0m to 320.0m in case of half reduction. For quarter 

reduction, it ranges from 2% and -3.76%. For comparison 

between the original and reduced models the results showed 

that the base shear error ranges from -0.12% to 3.96% (half 

reduction) and 0.9% to 3.39% (quarter reduction). 

The top displacement error at between the original and 

reduced models ranges from 3.11% to -9.13% with building 

height of 120.0m to 320.0m in case of fifth reduction. For 

comparison between two models the results showed that the 

base shear error ranges from 5.26% to 17.07% in case of fifth 

reduction. The response spectrum is a good seismic approach 

to predict the maximum responses in the linear zone. It 

includes the contributions of the higher modes for the 

maximum response.  

 With references to Figs. 17 to 19 and Table 8: 

For the fourth method (linear time history),  

The top displacement error between the original and reduced 

models ranges from 7.39% to -9.23% with building height of 

120.0m to 240.0m in case of half reduction. For quarter 

reduction, it ranges from 5.65% to -16.2%. For comparison 

between two models the results showed that the base shear 

error ranges from 16.02% to -10.09% (half reduction) and 

16.57% to -14.11% (quarter reduction). 

The top displacement error between the original and reduced 

models ranges from 0.42% to -5.31% with building height of 

160.0m to 320.0m in case of half reduction. For quarter 

reduction, it ranges from 4.28% to -14.98%. For comparison 

between two models the results showed that the base shear 

error ranges from 4.28% to -14.98% (half reduction) and 

12.23% to -22.75 % (quarter reduction). 

The top displacement error between the original and reduced 

models ranges from 14.95% to -15.96% with building height 

of 120.0m to 320.0m in case of fifth reduction. For 

comparison between two models the results showed that: the 

base shear error ranges from 25% to 16.89% in case of fifth 

reduction.   

The linear time history could predict the behavior of the 

buildings along the time.  

The obtained results can give an overview for the behavior of 

diagrid buildings with less effort in modeling and analysis 

rather than the 3D complex detailed modeling. The reduced 

model can give an approximation on the modes of vibration, 

the lateral deformations and initial checks on the selected 

cross sections based on initial internal force and the overall 

flexibility of the model. 

  
(a)  Lateral displacement at top buildings (b) Lateral base shear 

Fig. 15. Cluster 1: top displacement and base shear (ELF) 
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(a)  Lateral displacement at top buildings (b) Lateral base shear 

Fig. 16. Cluster 1: top displacement and base shear (RSP) 
 

 
 

 

 

 

(a) Lateral displacement history at top building  

 

 

(b) Lateral base shear history   
Fig. 17. Cluster 1: Building with height of 240m (LTH)  
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(a) Lateral displacement history at top building  

 

 

(b) Lateral base shear history   

Fig. 18. Cluster 2: Building with height of 320m (LTH)  
 

 
(a) Lateral displacement history at top building 

 
(b) Lateral base shear history  

Fig. 19. Cluster 3: Building with height of 320m (LTH) 
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TABLE 5 

First Mode Period of Vibration for All Buildings 
 

Cluster 1  Cluster 2  Cluster 3 

H/B Original 

(s) 

Reduce to half 

(s) 

Reduce to 

quarter (s) 

H/B Original 

(s) 

Reduce to 

half(s) 

Reduce to 

quarter (s) 

H/B Original 

(s) 

Reduce to 

Fifth (s) 

6 6.54 6.39 6.53 8 8.57 8.46 8.64 8 8.60 8.94 

5.4 6.04 5.95 6.22 7.2 7.69 7.63 7.84 7 7.56 7.95 

4.8 5.51 5.49 5.66 6.4 7.04 7.04 7.25 6 6.78 7.24 

4.2 4.94 4.98 5.15 5.6 6.29 6.35 6.61 5 5.88 6.38 

3.6 4.36 4.44 4.62 4.8 5.64 5.75 5.98 4 5.03 5.58 

3 3.33 3.40 3.55 4 4.67 4.83 5.02 3 3.85 4.39 

 
TABLE 6 

DIVERGENCE BETWEEN THE ORIGINAL AND REDUCED MODELS FOR (ELF) 
 

 Cluster 1 (Error%) Cluster 2 (Error%) Cluster 3 (Error%) 

Aspect 

ratio 

(H/B) 

Reduce to half Reduce to 

quarter 

Aspect 

ratio 

(H/B) 

Reduce to 

half 

Reduce to 

quarter 

Aspect 

ratio 

(H/B) 

Reduce to 

fifth 

Disp. 
at top 

Base 
shear 

Disp. 
at top 

Base shear Disp. 
at top 

base shear Disp. 
at top 

base shear Disp. 
at top 

base shear 

6 5.59 -0.30 3.64 -1.24 8 -3.63 -0.33 -1.79 -1.29 8 3.17 -1.52 

5.4 3.99 -0.15 -2.21 -1.12 7.2 -2.75 -0.29 -0.05 -1.32 7 5.10 -1.63 

4.8 1.83 -0.31 -1.64 -1.29 6.4 -1.21 -0.34 1.98 -1.36 6 8.12 -1.53 

4.2 -0.01 -0.31 -4.02 -1.28 5.6 0.26 -0.34 5.45 -1.35 5 10.66 -1.52 

3.6 -2.02 -0.32 -6.93 -1.30 4.8 2.23 -0.33 6.98 -1.34 4 14.47 -1.50 

3 -2.08 -0.32 -7.39 -1.33 4 5.15 -0.33 9.70 -1.36 3 19.02 -1.52 

               

          
     

VIII. CONCLUSION 

The results showed that,  

 The using of reduced model instead the three dimensional 

model had a significant effect in all obtained results 

saving in the degrees of freedom and time executed.  

 The equivalent lateral force is the best methods in 

comparison with other mentioned method in this paper 

because is independent on the natural frequencies for 

higher modes. 

 The amount of reduction percentage may affect the 

results. 

TABLE 7 

DIVERGENCE BETWEEN ORIGINAL MODELS AND SIMPLE MODELS FOR (RSP) 
 

Cluster 1 (Error%) Cluster 2 (Error%) Cluster 3 (Error%) 

Aspect 

ratio 

(H/B) 

Reduce to  

half 

Reduce to 

quarter Aspect 

ratio 

(H/B) 

Reduce to 

half 

Reduce to 

quarter Aspect 

ratio 

(H/B) 

 Reduce to fifth 

Disp. 
at 

top% 

Base 

shear% 

Disp. 
at 

top% 

Base 

shear% 

Disp. 
at 

top% 

base 

shear% 

Disp. 
at 

top% 

base 

shear% 

Disp. 
at 

top% 

base 

shear% 

6 0.16 -3.08 1.97 1.21 8 0.61 -0.12 2.00 0.90 8 2.62 2.39 

5.4 1.42 -0.37 1.97 2.76 7.2 0.77 1.99 2.20 0.48 7 2.79 2.77 

4.8 1.04 0.56 -0.46 1.34 6.4 0.83 2.59 2.13 1.53 6 3.11 3.01 

4.2 -0.60 -12.01 4.02 -7.95 5.6 1.09 3.93 2.85 3.39 5 1.22 5.26 

3.6 -0.44 1.95 -2.63 2.37 4.8 -0.71 2.94 -2.67 2.87 4 -6.66 4.26 

3 -0.44 -0.94 -2.27 7.77 4 -1.85 3.96 -3.76 2.40 3 -9.13 17.07 

 
TABLE 8 

DIVERGENCE FOR THE MAXIMUM ABSOLUTE VALUES BETWEEN ORIGINAL MODELS AND SIMPLE MODELS FOR 

(SCALED EL CENTRO). 
 

Cluster 1 (Error%) Cluster 2 (Error%) Cluster 3 (Error%) 

Aspect 

ratio 

(H/B) 

Reduce to half 
Reduce to 

 quarter Aspect 

ratio 

(H/B) 

Reduce to  

half 

Reduce to  

quarter Aspect 

ratio 

(H/B) 

 Reduce to fifth 

Disp. 

at 

top% 

Base 
shear% 

Disp. 

At 

top% 

Base 
shear% 

Disp. 

at 

top% 

base 
shear% 

Disp. 

at 

top% 

base 
shear% 

Disp. 
at top% 

base 
shear% 

6 -0.48 2.20 1.32 14.95 8 -0.77 -1.38 3.06 -4.91 8 7.25 16.89 

5.4 -1.58 -0.34 1.69 16.54 7.2 -0.98 -12.02 -9.02 -17.20 7 -15.96 9.77 

4.8 -4.84 -9.36 -6.24 -14.11 6.4 0.42 -14.98 -5.35 -22.75 6 7.18 8.52 

4.2 7.39 16.02 5.65 16.57 5.6 -0.20 4.28 7.38 5.33 5 14.32 9.65 

3.6 -9.23 -8.74 -16.20 -7.06 4.8 -3.78 1.86 -7.75 -0.81 4 -9.53 25.00 

3 -6.04 -10.09 -2.70 1.59 4 -5.31 0.28 -2.80 12.23 3 14.95 5.45 
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 A good agreement is noticed in case of reduction to 50%. 

 All obtained results are used as a guide for preliminary 

analysis to reach the best representative for real structure. 

Then, the exact three dimensions for structures must take 

into consideration to make the best analysis.  

Nomenclature 

   Aspect ratio          The ratio between building height and width 

       Keq                            Equivalent stiffness for the reduced model 

       meq                   Equivalent mass for the reduced model 

       ms+b                 Total mass of slab and beams for considered story 

       md                    Mass of diagrid element 

       Kd                    Stiffness for diagrid element 

     M                     The moment at level of consideration 

    L                     The diagrid member length 

      S                      The ratio between bending and shear deformations  

                                at top of the building 

                              A factor used for the allowable lateral  

                                displacement at top   constrained to 500 

      H                       The Building height 

      N                      The number of diagonals on flange side 

                              An estimate of the contribution of the diagonals  

                                on each web to the bending rigidity is made by  

                                     g      xtr     g   l         fl  g ; 

                              The modulus of elasticity 

                              The plan dimension of the building parallel to the  

                                considered lateral load direction 

                               The module height 

                               The angle of diagrid elements 

       V                      The shear force at level of consideration 

       Nw                    The number of diagonals on web side 

        N                      The number of diagonals on flange side 

       SDS                            Design earthquake spectral response acceleration      

                                 parameter at short period. 

       SD1                   Design earthquake spectral response acceleration  

                                 parameter at 1 second. 

       G                       Gravity acceleration. 

       Ct                       Building period coefficient. 
        x                       Constant depends on structure type. 

        R                       Response modification factor. 

        Ie                       Importance factor. 

       TL                        Long period transition. 
      [ ]                      Damping matrix of the structure. 
      [M]                     Mass matrix of the structure.  
      [K]                     Stiffness matrix of the structure. 

                              Mass constant for Rayleigh damping. 

                                Stiffness constant for Rayleigh damping. 

                                Damping ratio for the first mode. 

                               Damping ratio for the mth significant higher      

                                  mode considered for the analysis. 

         ( )                   Damping ratio used for the higher modes. 

                                Constant depends on structural system. 

                                 Natural frequency for the nth significant mode. 

                                 Natural frequency for the first mode. 

        ELF                   Equivalent lateral force. 

        RSP                   Dynamic response spectrum. 

        LTH                  Linear time history. 

 

AUTHORS CONTRIBUTION 

Mohamed Naguib Abou El-Saad, Ahmed Amin Ghaleb 

and Ahmed Mahmoud Yousef conceived of the presented 

idea. Sameh Lotfy Mahmoud developed the theory and 

performed the computations and analyses. Mohamed Naguib 

Abou El-Saad, Ahmed Amin Ghaleb verified the methods of 

analysis. Ahmed Amin Ghaleb and Mohamed Naguib Abou 

El-Saad have supervised the findings of this work. All authors 

discussed the results and contributed to the final manuscript. 

Sameh Lotfy Mahmoud wrote the manuscript with support 

from Mohamed Naguib Abou El-Saad 

REFERENCES  

[1] K  S  M   , J  J       r,     J       r     z, “D  gr    tru tur l 

systems for tall buildings: Characteristics and methodology for 
pr l     ry     g ,” Struct. Des. Tall Spec. Build., 2007. 

[2]    Z   g,    Z   ,     Y  L u, “D  gr   tub   tru tur      p  ed of 

 tr  g t    g   l  w t  gr  u lly v ry  g   gl  ,” Struct. Des. Tall Spec. 

Build., 2012. 

[3] J  K       Y     L  , “S       p r  r       v lu t          gr   

 y t   bu l   g ,” Struct. Des. Tall Spec. Build., 2012. 
[4] G. M. Montuori, E. Mele, G. Bra        ,        D  Lu  , “D   g  

 r t r     r    gr   t ll bu l   g : St        v r u   tr  gt ,” Struct. Des. 

Tall Spec. Build., 2014. 
[5] S. L. Mahmoud, M. N. Abo-El Saad, A. A. Ghaleb, and A. M. Yousef, 

“R l  bl  Dr  t    D  gr   T ll  u l   g   u  t  S       L   ,” Appl. 

Model. Simul., vol. 4, pp. 110–124, 2020. 
[6] S  G r        , P  P  t    ,    K    l ,     K  S  M   , “D  gr   

Structural System for High-Rise Buildings: Applications of a Simple 

Stiffness-b     Opt   z   D   g ,” Int. J. High-Rise Build., 2016. 
[7] K  M   , “D   g          tru t       St  l D  gr   Stru tur  ,”    

NSCC2009, 2009. 

[8] D  L       S  S   , “  v        g   trength steel tube diagrid using 
TRIZ        l    r pu   v r    ly   ,” J. Constr. Steel Res., 2014. 

[9] Y  J  L  , J  O ,        b u,     Y  K  Ju, “    t   l    t    ly       

 pt   z   br      gl    r t      gr    tru tur l  y t  ,” Int. J. Steel 
Struct., 2016. 

[10] T  M       , “T      rg        t   D  gr   - It’   ll  b ut t   N   ,” 
Int. J. High-Rise Build., 2016. 

[11] W. Baker, C. Besjak, M. Sarkisian, P. Lee, and C.-S  D  , “Pr p     

Methodology To Determine Seismic Performance Factors For Steel 
Diagri   r     Sy t   ,” Counc. Tall Build. Urban Habitat, 2010. 

[12] S  S   g          R  R      , “Qu  t     t       t           

p r  r         t r    r  t  l    gr    tru tur  ,” J. Constr. Steel Res., 
2018. 

[13]                    l , “S       p r  r        ctors for low- to mid-

r     t  l    gr    tru tur l  y t   ,” Struct. Des. Tall Spec. Build., 
2018. 

[14] M. Sohrabi-  g  g  t     P     t r , “ v lu t       S       

Performance Factors for High-rise Steel Structures with Diagrid 

Sy t  ,” KSCE J. Civ. Eng., vol. 23, no. 11, pp. 4718–4726, 2019. 

[15] K  S  M   , “M t r  l-saving design strategies for tall building 

 tru tur  ,”    CTBUH 2008, 8th World Congress - Tall and Green: 
Typology for a Sustainable Urban Future, Congress Proceedings, 2008. 

[16] K. Jani     P  V  P t l, “   ly            g        gr    tru tur l 

 y t     r   g  r     t  l bu l   g ,”    Procedia Engineering, 2013, 
vol. 51, pp. 92–100. 

[17] G  M l   , P  Ol  t , K  G  u   ,           t  p , “Ult   t    p   ty 

of diagrid systems for tall buildings in nominal configuration and 
    g    t t ,” Period. Polytech. Civ. Eng., 2015. 

[18] IS:800-2007, General Construction in Steel - Code of Practice. New 

Delhi: Bureau of Indian Standard, 2007. 
[19] M                     L r  , “P y    lly    pl      model of multi-

 t ry bu l   g    r t   r  u     y         ly   ,”    ECCOMAS 

Thematic Conference - COMPDYN 2011: 3rd International Conference 
on Computational Methods in Structural Dynamics and Earthquake 

Engineering: An IACM Special Interest Conference, Programme, 2011, 

no. May, pp. 26–28. 
[20]  SI, “S P         ly    R   r     M  u l,” CSI: Berkeley (CA, 

USA): Computers and Structures INC. 2019. 

[21] American Society for Testing and Materials, “ASTM A500-93, Standard 
Specification for cold-formed welded and seamless carbon steel 

structural tubing in rounds, square and rectangular shapes”,ASTM . 

West Conshohocken, Pennsylvania, 2003. 



MANSOURA ENGINEERING JOURNAL, (MEJ), VOL. 46, ISSUE 1, MARCH 2021                                                       C: 39 

 
[22] American Society of Civil Engineers, ASCE 7-10. 2013. 

[23]    t r   r   g    r  g Str  g M t    D t , “Str  g  t      t r  rg,” 

2019. [Online]. Available: https://strongmotioncenter.org/cgi-

bin/CESMD/download_zip.pl?ElCentro_18May1940%2FC_117r.zip=o

n&&15158. [Accessed: 10-Oct-2019]. 
[24] S       g  l, “S        t    ,”       [O l   ]   v  l bl : 

https://seismosoft.com/products/. [Accessed: 10-Oct-2019]. 

[25]  T  S    , “St t       Dy          t   l    t    ly       
Stru tur  ,    put r      Stru tur  , I   ”   r  l y,   l   r   ,       

[26] J. W. Strutt and R. Baron, The Theory of Sound, 1954th ed. New York: 

Dover publications, 1877. 
[27] D    r  l, M  Dö l r, S  M  K j   , K  Kw  ,     Y  L u, “  r t      

   p  g r t      r bu l   g ,” Earthq. Spectra, 2015. 
[28]     ruz        M r    , “ v lu t       t   R yl  g     p  g     l   r 

bu l   g ,” Eng. Struct., 2017. 

 
 

Title Arabic:  

(ًَٕرج يبذئٗ يخخضل ثلاثٗ الأبؼبد نًببَٗ انشبكبث انًبئهت انؼبنٛت نهخحهٛم 

 انضنضانٗ انسشٚغ)

Arabic Abstract: 

ٚقذو ْزا انبحث ًَٕرج يخخضل ثلاثٗ الأبؼبد نهشبكبث انًبئهت نخٕفٛش انٕقج ٔراكشة 

انحبسب نهخًثٛم ٔانخحهٛم انضنضانٗ ٔقذ حى ححهٛم ًَبرج يخخهفت يٍ يببَٗ انشبكبث انًبئهت 

انؼبنٛت ٔانخٗ نٓب اسحفبػبث ٔيٕٛل يخخهفت يٍ انشبكبث انًبئهت بٕاسطت بشَبيح 

SAP2000 ست ػهٗ ثلاثت يدًٕػبث يٍ يببَٗ انشبكبث انًبئهت يغ ٔقذ حى ػًم دسا

َسب اسحفبع انٗ ػشض يخخهفت ٔيٕٛل يثبنٛت نهشبكبث انًبئهت ٔحى حصًٛى انقطبػبث نٓزِ 

انشبكبث بٕاسطت طشٚقت انصلابت ٔانخٗ حؼخبش يلائًت نٓزا انُٕع يٍ انًُشآث ٔقذ حى 

انخٙ ححبكٙ ًَٕرج انؼُبصش  اسخخذاو طشٚقخٍٛ نهًُزخت ًْٔب انًُزخت ثلاثٛت الأبؼبد

انًحذدة نخكٌٕ يشببٓت حقشٚبًب نهٓٛكم انحقٛقٙ ٔانًُٕرج انضنضانٙ انًخخضل انز٘ ٚحبكٙ 

اخخضال ًَٕرج انؼُبصش انًحذدة حخٗ انخًس ػٍ طشٚق حزف ػذد يٍ انطٕابق يغ قٕٛد 

ٛف فٙ انًُزخت ٔ حى الأخز فٗ الاػخببس ػذة ػٕايم ْٔٗ انقٕة اندبَبٛت انًكبفئت ٔ ط

الاسخدببت انذُٚبيٛكٙ ٔ ححهٛلاث انسدم انضيُٙ انخطٙ ٔ حى يقبسَت انُخبئح يٍ حٛث 

انضيٍ انذٔس٘ الأسهسٗ ٔالاصاحت اندبَبٛت انقصٕٖ ػُذ سطح انًبُٗ ٔقٕٖ انقص ػُذ 

الأسبسبث. ٔأكذث انُخبئح أٌ انًُٕرج انًخخضل انزٖ حى اقخشاحّ ْٕ يُبسب نهخحهٛم 

 ًبئهت انؼبنٛت َخٛدت الأحًبل انضنضانٛت.انًبذئٗ لأَظًت انشبكبث ان
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