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ABSTRACT: Many structures have collapsed during earthquakes because earthquake induced forces or displacements 

exceeded the ultimate capacity of the structures, so the main objective of the designer is to create an ideal structure that 

behaves as a rigid structure at low seismic action and turns into a flexible one in case of a high intensity earthquake action. 

Material properties used in the construction affects significantly the structures response to earthquake action. This paper 

focuses on the effect of geometric properties and material properties of concrete on dynamic response of structures. The 

paper shows the results of dynamic response for different classes of concrete. It also shows the results of dynamic responses 

for different value of beam to column ration. 

The paper concluded that low compressive strength is recommended to be used in earthquake resistance structures. It also 

recommends that beam to column ratio equal one reduces significantly the induced forces in the structure. 
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1. INTRODUCTION 

Earthquakes are wild and violent events that can 

have dramatic effects on structures, many 

structures have collapsed during earthquakes 

because earthquake induced forces or 

displacements exceeded the ultimate capacity of 

the structures, so the study of structural behaviour 

at full capacity is a necessary element of 

earthquake engineering, [1]. 

The most important application in structural 

dynamics is the analysis of the response of 

structures to ground shaking caused by an 

earthquake, where the earthquake response is 

generally divided into two categories linearly 

elastic and inelastic. In the elastic design 

philosophy, structures are designed to remain 

elastic and no internal force redistribution is 

permitted during the lifetime of the structure, [2]. 

Elastic design can be characterized by its 

reversibility the uniqueness between stress-strain or 

load-displacement relationships and whether those 

relationships are linear or nonlinear, this behaviour 

implies the recovery of the work done by the 

external loads after their removal, as: (1). 

Earthquake response deformation. (2). Internal 

element forces. (3). Stresses. The response spectra 

in generally lead into the design spectrum, the 

earthquake response may be deflection, shear, 

equivalent acceleration, etc. The response curves 

are generally similar with a major variation 

occurring in the vertical ordinates. The variations 

definitely occur with the magnitude of the 

earthquake and location of the recording 

instruments. Accelerations derived from actual 

earthquakes are surprisingly high as compared with 

the force used in designs and the main reason is the 

effect of different degrees of damping, [3]. 

 

2. REVIEW OF LITERATURE 

Raju, Patnaikuni [4] have studied the relationship 

response of multistorey buildings subjected to 

earthquake forces with and without dampers. From 

this comparison it is concluded that maximum 

absolute displacement, absolute acceleration, storey 

shear, storey drift values are more in case of 

reinforcement concrete (RC) building without 

damper as compared to RC building with dampers. 

Using of dampers helps in reducing the vibrations 

caused by wind and earthquake. Also using of 

dampers can improve the resistance of building 

towards the forces which are caused by 

earthquakes. Taïeb, Sofiane [5] have studied the 

ductility and over strength in seismic design of 

reinforced concrete structures, demonstrate the 

significance of structural over strength on the 
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ability of the structures to resist lateral load without 

collapse. Wang and others [6] have studied the 

influence of high mode effects on ductility 

reduction factors for multi degree of freedom 

(MDOF) shear-type structures, high mode effect on 

ductility reduction factors for multi degree of 

freedom (MDOF) systems are studied by 

modifying ductility reduction factors for equivalent 

single degree of freedom (SDOF) systems, where 

the results demonstrate that ductility reduction 

factors for MDOF systems are clearly smaller than 

those for SDOF systems, the modification factor is 

mainly affected by the fundamental period and 

ductility. Sheikh and others [7] have evaluated 

damping modification factors (DMF) for seismic 

response spectra. It has been observed that the 

DMF for ground motion response spectra at soil 

sites is significantly dependent on site period. The 

influences of earthquake shaking level, earthquake 

source-site distance (near field and far-field 

events), soil plasticity index, and the rigidity of 

bedrock have also been investigated. Rahman and 

others [8] have calculated the drift of tall structures 

due to the vibration of ground, using hand 

calculation and programming with C (version C++ 

4.5). The study indicates that the drift on high rise 

structures has to be considered as it has a notable  

magnitude, therefore every tall structure should 

include the drift  due to earthquake load as well as 

wind load. Wilson E. L. and others [9] have studied 

the dynamic analysis by direct superposition of 

Ritz Vectors. They concluded in all studied 

examples, the superposition of Ritz vectors yields 

more accurate results, with fewer vectors, than if 

the exact eigenvectors are used. Pique, Burgos [10] 

have studied the effective rigidity of reinforced 

concrete elements in seismic analysis and design. 

Their research has followed Priestley´s proposal 

with the purpose to compare results obtained with 

his proposal with results obtained with reduction 

factors proposed by codes and then try to balance 

precision with simplicity. Lei and others [11] have 

studied the analysis of seismic energy response and 

distribution of RC frame structures. Their energy 

analysed herein provides useful information and 

becomes a new way to understand the structural 

damage and deformation ductility in respect of 

strain energy. It also indicates the feasibility of its 

application in structural seismic performance 

design. Symans and others [12] have studied the 

energy dissipation systems for seismic applications. 

Current practice and recent developments, 

development of guidelines and design philosophy 

for analysis and design of structures employing 

energy dissipation devices, and design 

considerations that are unique to structures with 

energy dissipation devices. Crisafulli and others 

[13] have studied the consideration of tensional 

effects in the displacement control of ductile 

buildings. The ductility capacity of the system is 

reduced, in order to account for the torsional 

strength of the structure, and the yield displacement 

of the elements in order to yield simultaneously. 

Kaushik S. K. and others [14] have investigated, 

the behaviour of reinforced high strength concrete 

columns under axial loads as well as axial load 

with flexure in their analytical & experimental 

study. Their study showed that the present code 

specifications do not impart the same ductility to 

columns made of higher concrete grades as that to 

normal strength concrete columns. 

 

3. OBJECTIVES OF RESEARCH 

The optimum seismic design of reinforced concrete 

structures depends on good performance through a 

less responsive structure during the earthquake, by 

the energy dissipating of earthquakes in the 

structure.  

The objective of the present work is to study the 

effect of fundamental natural vibration period, 

beam to column stiffness ratio, and compressive 

strength of concrete to improve seismic response of 

structures, and how much these parameters effected 

by earthquake response of buildings. The 

evaluation will be carried out for three variables of 

the proposed analysis methodology for 9 stories, 6 

stories and for 3 stories of structure using method 

of response spectrum analysis. 

4.  WORK METHOD  

4.1. RESPONSE SPECTRUM METHOD 

Response spectra are curves plotted between 

maximum response of system subjected to 

specified earthquake ground motion and its time 

period, or frequency. Response spectrum can be 

interpreted as the locus of maximum response of a 

system for given damping ratio, response spectra 

helps in obtaining the peak structural responses 

under linear range, which can be used for obtaining 

lateral forces developed in structure due to 
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earthquake thus facilitates in earthquake-resistant 

design of structures. 

Response of a system is determined by time 

domain or frequency domain analysis, and for a 

given time period of system, maximum response is 

picked. This process is continued for all range of 

possible time periods of system. Final plot with 

system time period is the required response spectra 

pertaining to specified damping ratio and input 

ground motion. The used equation of motion is, 

[18]: 

mü + cu̇ + ku = −müg(t). . . …… . . . . (1) 
 

Where: 

m = Mass, Slug 

ü = Acceleration, ft/s2 

c = Damping coefficient. 

u̇ = Velocity, ft/s 

k = Stiffness, k/ft 

u  = Displacement, ft 

The final solution for equation of motion as 

displacement algorithm is: 

u(t̅) = e−ξωt̅(C1cos(ωdt̅) + C2sin(ωdt̅)) + Et̅

+ F.… .……… . . . . (2) 

Where :  

c1 = u(ti−1) − f 

c2 =
u̇(ti−1)+ξωC1−E

ωd
    

E = −
S

ω2
 

F =
1

ω2
[
2ξ

ω
S − ug̈(ti−1)]     

S =
üg(ti)−üg(ti−1)

ti−ti−1
  

ωd = ω√1− ξ
2
  

t̅ = t − ti−1 

Where :       ξ =Damping ratio 

 = Frequency, cycle/s 

t = Time, s 

 

The solution for equation of motion as velocity 

algorithm is: 

u̇(t̅) = −ξωe−ξωt̅(C1cos(ωdt̅) + C2sin(ωdt̅))

+ e−ξωt̅(C1ωd(− sin(ωdt̅))

+ C2ωdcos(ωdt̅)) + E. (3) 

And, the solution for equation of motion as 

acceleration algorithm is: 

ü(t̅)

= ξ
2
ω2e−ξωt̅(C1cos(ωdt̅) + C2sin(ωdt̅))

− 2ξωe−ξωt̅(C1ωd(−sin(ωdt̅)) + C2ωdcos(ωdt̅))

+ e−ξωt̅(C1ωd
2(−cos(ωdt̅))

+ C2ωd
2(−sin(ωdt̅))). . . ………… . . . . . (4) 

4.2. DYNAMIC ANALYSIS USING MODE 

SUPERPOSITION 

PARTICIPATING MASS RATIOS 

The basic mode superposition method which is 

restricted to linearly elastic analysis produces the 

complete time history response of joint 

displacements and member forces. Modal response 

equations for a unit base acceleration (ÿn):   

ÿn = pnx...........................................(5) 

Where: 

ÿn = Acceleration, ft/s2 

pnx= Base shear in x direction, k 

Total base shear (Vn) including N-modes: 

Vn = ∑ p2
nx

N
n=1.................................(6) 

Participating mass ratio (Xmass) is defined as the 

participating mass divided by the total mass: 

Xmass =
∑ p2nxN
n=1

∑mx
...............................(7) 

Where: 

mx = Mass, vibratedinxdirction. 
The angle with respect to the axis of the base shear 

associated with the first mode is: 

θ1 = tan−1 [
pnx

pny
]...................................(8)    

Where:  

θ1 = Angle with respect to axis. 

pnx =Base shear in x direction. 

pny =Base shear in y direction. 
 

4.3. DYNAMIC ANALYSIS USING 

RESPONSE SPECTRUM SEISMIC LOADING 

Response spectrum analysis is an approximate 

method used to estimate maximum peak values of 

displacements and forces. 
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4.3.1. RESPONSE SPECTRUM 

The equation for input in one direction only, is, 

[18]: 

ÿ(t)n + 2ξ
n
ωnẏ(t)n + ωn

2y(t)n =

pniü(t)g..........................................(9) 

ωn= Natural frequency of the structure. 

Pseudo-acceleration spectrum S() versus period 

T, is: 

S(ω)a = ω2y(ω)maxandT =
2π

ω
 .............................................(10) 

4.3.2. MODAL RESPONSE 

Maximum modal displacement for a structural 

model can be calculated for a typical mode n with 

period Tn and corresponding spectrum response 

value S(n), and the maximum modal response 

(ymax) associated with period Tn is, [18]: 

y(Tn)max =
S(ωn)

ωn
2 ...........................(11)      

Maximum modal displacement response (un)of the 

structural model is: 

un = y(Tn)max∅n  .........................(12) 

Where : 

∅n = Shape function     

The high-frequency ((ω)max) or short-period 

((T)max)part of the curve defined by: 

y(ω)max =
ügmax

ω2
or 

y(T)max = ügmax
T2

4π2
........(13)    

Where: 

 ügmax = Peak ground acceleration. 

4.3.3.CQC METHOD OF MODAL 

COMBINATION 

Complete quadratic combination method (CQC) 

used to combine modal maxima to minimize the 

introduction of avoidable errors, and also used to 

combine the effects of earthquake spectra applied 

in three dimensions, where the structure to have 

equal resistance to earthquake motions from all 

directions, this approach assumes that the 

maximum modal values for all modes occur at the 

same point in time. CQC method based on random 

vibration theories, thus the peak value of a typical 

force (F) can be estimated from the maximum 

modal values using with application of the 

following double summation equation, [18]: 

F = √∑ ∑ fnρ
nm

fmmn . . ……… . . . . (14)  

fn and fm, are the modal values of the lateral 

spectrum applied at 00 to 900  degrees respectively, 

the cross-modal coefficients ρnm, for the CQC 

method with constant damping are:    

ρ
nm

=
8ξ

2(1 + r)r3/2

(1 − r2)2 + 4ξ
2r(1 + r)2

 

...................................................(15)  

Where: r = n/m, must be equal to or 

less than 1.0.  

Where: 

n,m = Frequency values of applied 

spectrum for angle direction from 00 to 900 

degrees. 

4.4.THE CONSIDRED CASE STUDY 

4.4.1. EARTHQUAKE EXCITATION  

Used spectral response acceleration parameters are 

according to ASCE 7.10 [16]. The parameters 

depend on the location of earthquakes in maps of 

seismic design, the peak ground acceleration used 

is 1.6 m/s2, on Mercalli Scale is VII–very strong, 

and on Richter Scale is 5.5 Mw, the damping ratio 

used of spectral response acceleration ξ is 0.05, and 

damping ratio of concrete ξ is 0.05. Spectral 

response acceleration value which used is, [21]: 

SS = 0.5 g SMS = 0.7g SDS = 0.467g 

S1 = 0.166 g SM1 = 0.355 g SD1 = 0.237g 

Where, SS: Spectral response acceleration at short 

periods. 

S1: Spectral response acceleration at a period of 1 s. 

SDS: Spectral response acceleration at short periods. 
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SD1: Spectral response acceleration at a period of 

1s. 

SMS: Spectral response acceleration at short periods 

adjusted for site class effects. 

SM1: Spectral response acceleration at a period of 1 

s adjusted for site class effects. 

4.4.2.THE STRUCTURAL MODES WITH 

MATERIAL PROPERTIES  

The buildings is reinforced concrete regular 

structure, constructed on a raft foundation with 

classification of site soil (site class) : Stiff Soil - D, 

thus the analysis will be at the two dimensional by 

using ETABS-2015 (Structural and  

Earthquake Engineering Software), [22]. we used 

three cases for the number of floors in analysis, for 

the structure is nine- stories as shown in figure 1. 

 
Figure.1: Regular frame with 10 bay–9 story. 

To determine the earthquake response of linearly 

elastic for building, we subjected to excitations 

characterized by a design spectrum for a wide 

range of the two key parameters, fundamental 

natural vibration period: beam-to-column stiffness 

ratio (ρ), and compressive strength of concrete 

(Fc').  

 

In the first case (1), we used the following 

relationship to study the effect of beam-to-column 

stiffness ratio (ρ) on the response of the structure to 

earthquakes: 

 

ρ =
∑ Eb ∗ Ib/Lbbeams

∑ Ec ∗ Ic/Lccolumns

. . . . . . . . . . . . . . . (16) 

 

Where, ρ is stiffness ratio for beams and columns. 

Eb and Ec are the models of elasticity. Ib and Ic, are 

the moment of inertia for beams and columns. Lb 

and Lc, are the lengths of the beams and columns. 

Using several for stiffness values of the column, 

when the area of the column is constant and the 

stiffness of the beam is constant: 

 

ρ (I beam / I column)  =  1/12 , 1/8 , 1/4 , 1 

 

In the second case (2), we used several values for 

the modulus of elasticity Ec for concrete using the 

following relationship in [17]: 

 

 )17psi..( 1,000,000) + 'Fc=  ( 40,000  cE 

For      3000 psi  ≤  fc'  ≤ 12000 psi  

Using compressive strength of concrete (Fc') with 

the following values: 

 

Fc' = 4000psi, 4500psi , 5000psi , 5500psi 

 

 

 

4.4.3. SECTIONS PROPERTIES 

Sections of columns and beams (h, b). 

Table.1: Sections of Columns and Beams. 

Sections of Columns and Beams 

Stiffens Ratio  ρ 

Columns Beams 

Depth, h   

ft 

Width, b   

ft 

Moment of 

Inertia, I   ft4 

Depth, h   

ft 

Width, b   

ft 

Moment of 

Inertia, I   ft4 

ρ =1 1.15 5.19 0.666 

2 1 0.666 
ρ =1/4 2.32 2.58 2.666 

ρ =1/8 3.28 1.82 5.332 

ρ =1/12 4 1.5 8 

Length of Member  

ft 
10 20 

Area of Section   ft2 6 2 
 

https://en.wikipedia.org/wiki/Structural_engineering
https://en.wikipedia.org/wiki/Earthquake_engineering


1004 

ICTS24632019-AC1039 

 

4.4.4. LOADS CONSIDERED IN DESIGN 

The dead load (D.L) of finishing material is 50 Lb/ft2, and for distributed load is 1000 Lb/ft. The live load (L.L) 

of floor for office used is 31.25 Lb/ft2, and for distributed load is 625 Lb/ft, [16]. 

4.4.5. STORY DRIFT (Δ), MAXIMUM LIMITS 

The current code suggests a maximum value for risk category (IV) is (0.015hx) for horizontal drift ratio, [16]:  

)18.....(......................sx=  0.015 * h  aΔ 

Thus:                                            Δa  =  0.135 

The design story drift (Δ), shall not exceed (Δa/ρ) for any story: 

)19...(...........................ρ..... / aΔ = Δ 

Where:                                                     ρ = 1.3 

Thus:                                                  Δ = 0.103846 

 

5. RESULTS 

5.1. STATIC ANALYSIS 

5.1.1. STIFFNESS RATIO 

 

Table.2: Static Responses, Stiffness Ratio - Story Shear Force 

Static Analysis : Stiffness Ratio (ρ) - Story Shear Force  k 

Stiffness Ratio, ρ  1 / 12 1 / 8 1 / 4 1 

Story Shear Force  k 

1st 16410 16410 16410 16410 

2nd 14550 14550 14550 14550 

3rd 12690 12690 12690 12690 

4th 10830 10830 10830 10830 

5th 8970 8970 8970 8970 

6th 7110 7110 7110 7110 

7th 5250 5250 5250 5250 

8th 3390 3390 3390 3390 

9th 1530 1530 1530 1530 

Table.3: Static Responses, Stiffness Ratio - Story Moments 

Static Analysis : Stiffness Ratio (ρ) - Story Moments  k.ft 

Stiffness Ratio, ρ  1 / 12 1 / 8 1 / 4 1 

Story Moment  k.ft 

1st 807300 807300 807300 807300 

2nd 643200 643200 643200 643200 

3rd 497700 497700 497700 497700 

4th 370800 370800 370800 370800 

5th 262500 262500 262500 262500 

6th 172800 172800 172800 172800 

7th 101700 101700 101700 101700 

8th 49200 49200 49200 49200 

9th 15300 15300 15300 15300 
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5.1.2. COMPRESSIVE STRENGTH OF CONCRETE 
 

Table.4: Static Responses, Compressive Strength of Concrete - Story Shear Force 

Static Analysis : Compressive Strength of Concrete (Fc') - Story Shear Force  k 

Compressive Strength of Concrete, Fc'    4000 psi 4500 psi 5000 psi 5500 psi 

Story Shear Force  k 

1st 16410 16410 16410 16410 

2nd 14550 14550 14550 14550 

3rd 12690 12690 12690 12690 

4th 10830 10830 10830 10830 

5th 8970 8970 8970 8970 

6th 7110 7110 7110 7110 

7th 5250 5250 5250 5250 

8th 3390 3390 3390 3390 

9th 1530 1530 1530 1530 

 

Table.5: Static Responses, Compressive Strength of Concrete - Story Moments 

Static Analysis : Compressive Strength of Concrete (Fc') - Story Moments  k.ft 

Compressive Strength of Concrete,  Fc' 4000 psi 4500 psi 5000 psi 5500 psi 

Story Moment  k.ft 

1st 807300 807300 807300 807300 

2nd 643200 643200 643200 643200 

3rd 497700 497700 497700 497700 

4th 370800 370800 370800 370800 

5th 262500 262500 262500 262500 

6th 172800 172800 172800 172800 

7th 101700 101700 101700 101700 

8th 49200 49200 49200 49200 

9th 15300 15300 15300 15300 

 

5.2. DYNAMIC ANALYSIS 

5.2.1. STIFFNESS RATIO 

Table.6: Dynamic Responses, Stiffness Ratio-Period 

Dynamic Analysis : Stiffness Ratio (ρ) – Period  s 

Stiffness Ratio (ρ) 
𝟏

𝟏𝟐
 

𝟏

𝟖
 

𝟏

𝟒
 

𝟏

𝟏
 

Period  sec, Mode 1 6.86 7.17 7.71 9.32 

 

Table.7: Dynamic Responses, Stiffness Ratio ρ - Story Shear Force 

Dynamic Analysis : Stiffness Ratio (ρ) - Story Shear Force  k 

Stiffness Ratio, ρ 1 / 12 1 / 8 1 / 4 1 

Story Shear Force  k 

1st 19484.53 18136 16150.71 11334.27 

2nd 16418.74 15465.72 14161.06 10271.3 

3rd 15119.98 14439.20 13328.89 9490.41 

4th 14199.88 13428.45 12286.99 8772.12 

5th 12989.85 12355.53 11336.34 8052.82 

6th 12057.48 11313.16 10181.65 7297.67 

7th 10768.52 10117.63 9039.84 6426.7 
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8th 9070.17 8460.17 7464.58 5335.7 

9th 7850.17 7162.79 6011.85 3854.7 

 

Table.8: Dynamic Responses, Stiffness Ratio  - Story Moments 

Dynamic Analysis : Stiffness Ratio ρ - Story Moments  k.ft 

Stiffness Ratio, ρ  1 / 12 1 / 8 1 / 4 1 

Story Moment  k.ft 

1st 885268.01 852095.17 800183.92 578380.69 

2nd 745642.8 718809.13 675663.77 490045.66 

3rd 622951.81 599414.47 561255.71 408512.97 

4th 508641.11 488054.15 454795.41 332770.67 

5th 404126.48 385850.59 356548.3 262341.35 

6th 309569.74 293020.61 267061.36 197085.46 

7th 225254.06 210624.32 187744.26 137344.58 

8th 152179.86 139499.01 119669.66 84338.23 

9th 78501.76 71627.95 60118.55 38547.06 

 
5.2.2. COMPRESSIVE STRENGTH OF CONCRETE, Fc' 

 

Table.9: Modal Dynamic Responses, Compressive Strength of Concrete - Period 

Dynamic Analysis : Compressive Strength of Concrete (Fc') – Period  s 

Compressive Strength of Concrete,  Fc'    4000 psi 4500 psi 5000 psi 5500 psi 

Period  sec, Mode 1 9.32 9.12 8.95 8.79 

 

Table.10: Dynamic Responses, Compressive Strength of Concrete - Story Shear Force 

Dynamic Analysis : Compressive Strength of Concrete  (Fc') - Story Shear Force  k 

Compressive Strength of Concrete,  Fc' 4000 psi 4500 psi 5000 psi 5500 psi 

Story Shear Force  k 

1st 11334.28 11748.08 12139.66 12528.33 

2nd 10271.3 10669.30 11044.63 11420.52 

3rd 9490.41 9869.21 10224.27 10580.88 

4th 8772.13 9122.23 9449.33 9777.42 

5th 8052.83 8360.07 8649.17 8937.93 

6th 7297.67 7557.68 7807 8053.34 

7th 6426.7 6631.76 6831.12 7025.44 

8th 5335.7 5486.32 5632.75 5772.58 

9th 3854.7 3950.35 4040.73 4124.48 
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Table.11: Dynamic Responses, Compressive Strength of Concrete - Story Moments 

Dynamic Analysis : Compressive Strength of Concrete (Fc') - Story Moments  k.ft 

Compressive Strength of Concrete, Fc' 4000 psi 4500 psi 5000 psi 5500 psi 

Story Moment  k.ft 

1st 578380.7 603116.6 626295.11 649699.77 

2nd 490045.66 510711.76 530130.85 549709.44 

3rd 408512.97 425196.95 440971.35 456819.32 

4th 332770.67 345693.81 358034.44 370361.49 

5th 262341.36 271866.79 281077.90 290202.48 

6th 197085.47 203676.84 210119.79 216432.19 

7th 137344.58 141532.31 145639.32 149605.95 

8th 84338.23 86666.35 88930.84 91077.03 

9th 38547.06 39503.561 40407.37 41244.84 

 

5.3. DISCUSSION 

The curves were plotted between the variables 

under study, the results indicate as shown in 

figures: 2, 3, 4, 5, it's there is no change in the 

shear forces and moments with its increase of 

stiffness ratio to 1, and compressive strength of 

concrete between (4000 psi - 5500 psi) in the case 

of static analysis for 9 stories of structure. 

 
Figure.2: Relationship: Shear Forces k / Stiffness 

Ratio (ρ) 
 

 
Figure.3: Relationship: Moments k.ft / Stiffness 

Ratio (ρ) 
 

 
Figure.4: Relationship: Shear Forces k / 

Compressive Strength of Concrete (Fc') 
 

 
Figure.5: Relationship: Moments k.ft / 

Compressive Strength of Concrete (Fc') 

The curve in figure:6, indicate to increase in the 

period of structure by average 35.91% for 9 stories, 

with its increase of stiffness ratio to 1 between 

beam-column. In figures: 7, 8, the curves indicate 

to decrease in the shear forces by average 38.7%, 

and decrease in moments by average 34.89 % for 9 

stories, with its increase of stiffness ratio to 1 

between beam-column. This indicate that the shear 

forces and moments in the structure are dependent 

on the moment of inertia ratio beam to column, in 

addition to effect of natural period for structure. 

The curve in figure:9, indicate to decrease in the 
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period of structure by average 5.66% for 9 stories, 

using compressive strength of concrete 4000 psi to 

5500 psi. In figures: 10, 11, the curves indicate to 

increase in the shear forces by average 10.06%, and 

increase in moments by average 10.22% for 9 

stories, using compressive strength of concrete 

4000 psi to 5500 psi in the case of dynamic 

analysis. This indicate that the shear forces and 

moments in the structure are depend on the 

compressive strength of concrete, and in addition to 

effect of natural period for structure. 

 

Figure.6: Relationship: Period sec / Stiffness Ratio 

(ρ) 

 

 
Figure.7: Relationship: Shear Forces  k / Stiffness 

Ratio (ρ) 

 
Figure.8: Relationship: Moments k.ft / Stiffness 

Ratio (ρ) 

 
Figure.9: Relationship: Period sec / Compressive 

Strength of Concrete (Fc') 

 

 
Figure .10: Relationship: Shear Forces k / 

Compressive Strength of Concrete (Fc') 

 
Figure.11: Relationship: Moments k.ft / 

Compressive Strength of Concrete (Fc') 

6. CONCLUSIONS  

Shear force response was low using stiffens ratio, 

where the peak shear response (base shear) a 

largely linear decrease with peak ground 

acceleration. This suggests that shear forces in the 

structure (Shear Forces) are dependent on the 
moment of inertia ratio beam to column in addition 

to the natural period of the structure. Shear force 

response was high with compressive strength of 

concrete, where the peak shear response (Shear 

Forces) a largely linear increase with peak ground 

acceleration. This suggests that shear forces in the 

structure (Shear Forces) are dependent on the 

compressive strength of concrete in addition to the 

natural period of the structure. 

Moments response was low using stiffens ratio, 

where the peak moments response (Moments) a 
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largely linear decrease with peak ground 

acceleration. This suggests that moments in the 

structure (Moments) are dependent on the moment 

of inertia ratio beam to column in addition to the 

natural period of the structure. Moments response 

was high with compressive strength of concrete, 
where the peak moments response (Moments) a 

largely linear increase with peak ground 

acceleration. This suggests that moments in the 

structure (Moments) are dependent on the 

compressive strength of concrete in addition to the 

natural period of the structure. 

 

7. RECOMMENDATIONS 

- The same study can be carried out on other place 

or effect of strong earthquakes on structures 

response, taking into account the same the effect of 

soil for structure. 

 

- The further study may be conducted on effect of 

different types of soil on structures response. 

 
- The same study can take into account the effect of 

slenderness ratio of columns on structures response 

to earthquakes. 

 

- Also the same study can be investigated using 

high rang of compressive strength of concrete 6000 

psi to 12000 psi. 
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