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ABSTRACT: This paper study the influence of concrete properties on duration of ground motion response of reinforced 

concrete structure, the earthquake duration is a complex natural phenomenon associated with the sudden energy release 

induced by fault rupture. The duration of strong ground shaking during an earthquake can cause many problems in 

earthquake engineering. This study is aimed to establishing a relationship between concrete properties and duration of 

earthquake on structures response.  

Response of structure was affected by duration of ground motions using difference of time step. The results indicate that the 

linear response was effect by concrete properties in addition to the effect the duration of ground motions. Thus, using lower 

value for compressive strength of concrete is recommended for structures that subject to shaking to reduce effect the 

duration of ground motions on structures response. 
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1. INTRODUCTION 
The shaking caused by seismic waves cause 

damage buildings or cause buildings to collapse. 

The level of damage done to a structure depends on 

the amplitude and the duration of shaking. The 

amplitudes are largest close to large earthquakes 

and the duration increases with the size of the 

earthquake, where larger quakes shake longer 

because they rupture larger areas. Regional geology 

and local site conditions affect the level and 

duration of shaking, where the shaking in soft clay 

soil is larger and longer than when compared with 

the shaking experienced at a hard rock site. Seismic 

waves are the waves of energy caused by the 

sudden breaking of rock within the earth, as: 

(1).Body waves are of a higher frequency than 

surface waves, where the body waves arrive before 

the surface waves emitted by an earthquake as P-

wave, and S-wave. (2).Surface waves are of a 

lower frequency than body waves as Rayleigh 

wave (R-wave), and Love wave (L-wave) [1].  

 

 
Figure.1: Types of seismic waves. 

2. REVIEW OF LITERATURE 

Mohammad Salami and others [2] have studied the 

pounding force response spectra for elastic 

structures subjected to near-field and far-field 

ground motions are presented. Both of the adjacent 

buildings were modelled simply as single degree of 

freedom (SDOF) systems and pounding effect has 

been simulated by applying the nonlinear 

viscoelastic model. In the analysis, the effect of 

different parameters, such as mass, damping ratio 

has been studied. From these result it is concluded, 
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the characteristics of earthquake ground motions 

along with the properties of structures should be 

considered in gap distance controlling between 

adjacent buildings. Hassan Moniri [3] have studied 

the characteristics of near-fault ground motions on 

the seismic response of reinforced concrete (RC) 

structures, by the use of Incremental Nonlinear 

Dynamic Analysis (IDA) method. Due to the fact 

that various ground motions result in different 

intensity-versus-response plots, this analysis is 

done again under various ground motions in order 

to achieve significant statistical averages. The 

OpenSees software was used to conduct nonlinear 

structural evaluations. Numerical modeling showed 

that near-source outcomes cause most of the 

seismic energy from the rupture to arrive in a single 

coherent long-period pulse of motion and 

permanent ground displacements. thus can A 

vulnerability of RC building can be evaluated 

against pulse-like near-fault ground motions 

effects. Reagan Chandramohan and others [4] have 

studied the influence of ground motion duration on 

the collapse capacities of a modern five-story steel 

moment frame and a reinforced concrete bridge 

pier. A comparison of commonly used duration 

metrics indicates that significant duration is the 

most suitable metric to characterize ground motion 

duration for structural analysis. Sensitivity analysis 

to structural model parameters indicate that 

structures with high deformation capacities and 

rapid rates of cyclic deterioration are the most 

sensitive to duration. Mohammad Umar  [5] have 

studied the frequency content of ground motion on 

reinforced concrete (RC) buildings. Linear time 

history analysis was performed in structural 

analysis and design (STAAD Pro) software. The 

proposed method is to study the response of low, 

mid, and high-rise reinforced concrete buildings 

under low, intermediate, and high- frequency 

content ground motions. Both regular and irregular 

three-dimension two, six, and twenty- story RC 

buildings with six ground motions of low, 

intermediate, and high-frequency contents having 

equal duration and peak ground acceleration (PGA) 

are studied herein. The response of the buildings 

due to the ground motions in terms of story 

displacement, story velocity, story acceleration, 

and base shear are found. The responses of each 

ground motion for each type of building were 

studied and compared. The results show that low- 

frequency content ground motions have significant 

effect on both regular as well as irregular RC 

buildings. However, high-frequency content 

ground motions have very less effect on responses 

of the regular as well as irregular RC buildings. 

Catherine Whyte, Bozidar Stojadinovic [6] have 

studied the the expected strengths, deformation 

capacities, and failure modes of reinforced concrete 

structural walls in earthquake load sequences, such 

as main-shock/aftershock combinations. The results 

of these simulations indicated that different 

earthquake magnitude sequences do not have a 

significant effect on the force-deformation response 

and failure mode sequence of squat reinforced 

concrete shear walls. Ghobarah A  [7] have studied 
the characterize near-fault records by idealizing the 

velocity pulse component of the record and to 

investigate their effect on the response of structures 

in terms of displacements and damage. The 

nonlinear static and dynamic responses of the 

frames were determined using inelastic time history 

analysis. It was found that the response of 

structures to near-fault ground motion is 

substantially different from the response to far-field 

earthquake records. For the same base shear, the 

static pushover analysis gives conservative 

estimates of the displacement of the structure. The 

nonlinear static pushover approach is particularly 

suited for displacement-based design of structures 

to NFE (Near-Fault Earthquake). The response of 

long period structures to idealized pulses was found 

to be comparable to the response to NFE records. 

The results are not as accurate for short period 

structures.  

 

3. OBJECTIVES OF RESEARCH 

This study examines the effect of concrete 

properties on ground motion duration for the 

response of reinforced concrete structures, by 

linear dynamic analysis. The evaluation will be 

carried out for variables on the proposed analysis 

methodology. A relationship will be established 

between earthquake duration and effect of concrete 

properties on them using some values for 

compressive strength of concrete. The analysis 

method will be accomplished using time history 

analysis method. 

 

https://ascelibrary.org/author/Whyte%2C+Catherine+A
https://ascelibrary.org/author/Stojadinovic%2C+Bozidar
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4. WORK METHODS 
Linear dynamic analysis performed in two ways by 

either mode superposition method or response 

spectrum method, and elastic time history method. 

This analysis will produce the effect of higher 

modes of vibration and the actual distribution of 

forces in the elastic range in a better way, [12].  

4.1. TIME HISTORY ANALYSIS 

METHOD 
Time history analysis (THA) by Mode 

superposition method (Linear Modal) provides for 

linear evaluation of dynamic structural response 

under loading which may vary according to the 

specified time function. Dynamic equilibrium 

equations which given by, [12]: 

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

Where: 

 m = Mass, Slug 

 ü = Acceleration, ft/s
2
 

 c = Damping coefficient. 

u̇ = Velocity, ft/s 

k = Stiffness, k/ft 

u  = Displacement, ft 

 

4.3. TIME HISTORY ANALYSIS OF 

MULTI-STORY BUILDING BY 

MODE SUPERPOSITION METHOD  

The most common and effective approach for 

seismic analysis of linear structural systems is the 

mode superposition method. After a set of 

orthogonal vectors have been evaluated, this 

method reduces the large set of global equilibrium 

equations to a relatively small number of 

uncoupled second order differential equations,[13]. 

 

4.3.1. 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), [13]:   

ÿn = pnx........................................... (2) 

Where: 

ÿn = Acceleration, ft/s
2
 

pnx = Base shear in x direction, k 

Total base shear (Vn) including N-modes: 

Vn = ∑ p2
nx

N
n=1 ................................. (3) 

Participating mass ratio (Xmass) is defined as the 

participating mass divided by the total mass, [13]: 

Xmass =
∑ p2nxN

n=1

∑ mx
............................... (4) 

Where: 

mx =  Mass, vibrated in  x dirction. 

The angle with respect to the axis of the base shear 

associated with the first mode is, [13]: 

θ1 = tan−1 [
pnx

pny
]................................... (5)    

Where:  

θ1 = Angle with respect to axis. 

pnx=Base shear in x direction. 

pny =Base shear in y direction. 

5. CONSIDRED CASE STUDY 

5.1. EARTHQUAKE EXCITATION  

Using holliste earthquake with acceleration 361.9 

in/s
2
. The ground accelerations recorded at 

increments of 100 points per second or 0.01s, to 20 

points per second or 0.05s, as following: 

 

(1).T1 = 0.01s, or 100 points per second, where the 

max-value in earthquake is 361.9 in/s
2
 at 0.53s, and 

the min-value in earthquake is -339.46 in/s
2
 at 

0.48s, as in Figure.2. 

 
Figure.2: Seismic record for t1 = 0.01s, or 100 

points per second. 
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(2).T2 = 0.02s, or 80 points per second, where the 

max-value in earthquake is 361.9 in/s
2
 at 1.06s, and 

the min-value in earthquake is -339.46 in/s
2
 at 

0.96s, as in Figure.3. 

 
Figure.3: Seismic record for t2 = 0.02s, or 80 points 

per second. 

 

(3).T3 = 0.03s, or 60 points per second, where the 

max-value in earthquake is 361.9 in/s
2
 at 1.59s, and 

the min-value in earthquake is -339.46 in/s
2
 at 

1.44s, as in Figure.4. 

 
Figure.4: Seismic record for t3 = 0.03s, or 60 points 

per second. 

 
(4).T4 = 0.04s, or 40 points per second, where the 

max-value in earthquake is 361.9 in/s
2
 at 2.12s, and 

the min-value in earthquake is -339.46 in/s
2
 

at 1.92s, as in Figure.5. 

 

 
 

Figure.5: Seismic record for t4 = 0.04s, or 40 points  

per second. 

  

(5).T5 = 0.05sr or 20 points per second, 

where the max-value in earthquake is 

361.9 in/s
2
 at 2.65s, and the min-value in 

earthquake is -339.46 in/s
2
 at 2.4s, as in 

Figure.6. 
 

 
Figure.6: Seismic record for t5 = 0.05sr or 20 points 

per second. 

 

5.2. THE STRUCTURAL MODES WITH MATERIAL PROPERTIES 

 The building is reinforced concrete regular structure as shown in figure 7, constructed on a raft foundation, the 

analysis will be to in two dimensional, by usingETABS-2015 (Structural and Earthquake Engineering 

Software), [14]. 

  

 
Figure.7: Frame with 10 bay–9 story. 

To determine the earthquake response of linearly elastic for building subjected to excitations characterized for a 

wide range of the parameters, the time steps from 0.01s to 0.05s in cases using compressive strength of concrete 

(Fc') from 3000psi to 6000psi. 

 

 

 

https://en.wikipedia.org/wiki/Structural_engineering
https://en.wikipedia.org/wiki/Earthquake_engineering
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5.3. SECTIONS PROPERTIES 

The sections of columns and beams ( h, b ), whish used are 1.64 ft depth, and 1.64 ft width  for beams and 

columns. 

 

5.4. LOADS CONSIDERED IN ANALYSIS 

The loads considered in analysis are self-weight of structure. 

6. RESULTS 
The tables 1 through 10 give the results between the variables under study, as shown in figs, the results were 

between shear forces and moments with increase in time steps of earthquake from 0.01s to 0.05s, by using 

compressive strength of concrete from 3000psi to 6000psi in the case analysis, for structure with 9 stories. 

Table.1, using compressive strength of concrete 3000psi: Time steps - Story shear force k 

Using compressive strength of concrete 3000psi : 

Time steps - Story shear force  k 

Story Shear Force  k 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

6341.51 21215.73 30959.1 48652.5 68574.46 

 
Table.2, Using compressive strength of concrete 3000psi: Time steps - Story moments k-ft 

Using compressive strength of concrete 3000psi : 

Time steps - Story moments k-ft 

Story Moments  k-ft 1st 
T1 = 0.01s T2 =0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

5671797 3065731 943933.38 1165693 1206809 

 

Table.3, using compressive strength of concrete 4000psi: Time steps - Story shear force k 

Using compressive strength of concrete 4000psi : 

Time steps - Story shear force  k 

Story Shear Force  k 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

6887.16 22589.43 37809.61 57984.45 77585.81 

 

Table.4, Using compressive strength of concrete 4000psi: Time steps - Story moments k-ft 

Using compressive strength of concrete 4000psi : 

Time steps - Story moments k-ft 

Story Moments  k-ft 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

5677197 3341918 1070112 1482771 1921803 

 

Table.5, using compressive strength of concrete 5000psi: Time steps - Story shear force k 

Using compressive strength of concrete 5000psi : 

Time steps - Story shear force  k 

Story Shear Force  k 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

32965.86 104122.38 188103.86 331761.09 341296.19 
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Table.6, Using compressive strength of concrete 5000psi: Time steps - Story moments k-ft 

Using compressive strength of concrete 5000psi : 

Time steps - Story moments k-ft 

Story Moments  k-ft 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

7694601 4816202 1583830 2336921 3234060 

 
Table.7, using compressive strength of concrete 6000psi: Time steps - Story shear force k 

Using compressive strength of concrete 6000psi : 

Time steps - Story shear force  k 

Story Shear Force  k 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

34551.45 101868.74 204251.35 358699.98 334252.17 

 
Table.8, Using compressive strength of concrete 6000psi: Time steps - Story moments k-ft 

Using compressive strength of concrete 6000psi : 

Time steps - Story moments k-ft 

Story Moments  k-ft 1st 
T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

7684887 5057877 1738412 2568896 3679603 

 

Table.9: For story shear force k (1
st
 floor): Compressive strength of concrete - Time steps,  

For Story shear force  k (1
st
 floor) 

Compressive strength of concrete - Time steps 

Compressive 

Strength of 

Concrete 

T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

3000 psi 6341.51 k 21215.73 k 30959.1 k 48652.5 k 68574.46 k 

4000 psi 6887.16 k 22589.43 k 37809.61 k 57984.45 k 77585.81 k 

5000 psi 32965.86 k 104122.38 k 188103.86k 331761.09 k 341296.19 k 

6000 psi 34551.45 k 101868.74 k 204251.35 k 358699.98 k 334252.17 k 

 
Table.10: For Story moments k-ft (1

st
 floor): Compressive strength of concrete - Time steps,  

For Story moments k-ft  (1
st
 floor): 

Compressive strength of concrete - Time steps 

Compressive 

Strength of 

Concrete 

T1 = 0.01s T2 = 0.02s T3 = 0.03s T4 = 0.04s T5 = 0.05s 

3000 psi 5671797 k-ft 3065731 k-ft 943933.38 k-ft 1165693 k-ft 1206809 k-ft 

4000 psi 5677197 k-ft 3341918 k-ft 1070112 k-ft 1482771 k-ft 1921803 k-ft 

5000 psi 7694601 k-ft 4816202 k-ft 1583830 k-ft 2336921 k-ft 3234060 k-ft 

6000 psi 7684887 k-ft 5057877 k-ft 1738412 k-ft 2568896 k-ft 3679603 k-ft 
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7. DISCUSSION 

In figs: 8, 10, 12, 14, the curves indicate an 

increase in the story shear force using effected time 

step of ground motion duration from 0.01s to 0.05s, 

and in figs: 9, 11, 13, 15, the curves indicate a 

decrease in story moments using time step of 

ground motion duration for structure analysis of 9 

stories. 

When increase compressive strength of concrete 

3000psi to 6000psi, the response of structure 

increase in term of the story shear force, and the 

story moments decrease with increasing the time 

step of ground motion duration. 

In fig: 16, the curve indicate that when using 

compressive strength of concrete from 3000psi to 

4000psi, the response of structure (Shear Force) 

was less than that of using compressive strength of 

concrete from 5000psi to 6000psi, at using  

increase in time step of ground motion duration. 

In fig: 17, the curve indicate that when increase 

compressive strength of concrete, the response of 

structure (Moments) was less, at using increase in 

time step of ground motion duration. 

 

 
Figure.8: Using compressive strength of concrete 

(Fc') 3000psi. Relationship between: 

Story shear force k - Time steps 
 

 
Figure.9: Using compressive strength of concrete 

(Fc') 3000psi. Relationship between: 

Story moments k.ft - Time steps 
 

 
Figure.10: Using compressive strength of concrete 

(Fc') 4000psi. Relationship between: 

Story shear force k - Time steps 
 

 
Figure.11: Using compressive strength of concrete 

(Fc') 4000psi. Relationship between: 

Story moments k.ft - Time steps 

 
Figure.12: Using compressive strength of concrete 

(Fc') 5000psi. Relationship between: 

Story shear force k- Time steps 
 

 
Figure.13: Using compressive strength of concrete 

(Fc') 5000psi. Relationship between:   

Story moments k.ft – Time steps  
 

 
Figure.14: Using compressive strength of concrete 

(Fc') 6000psi. Relationship between:  

Story shear force k - Time steps  
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Figure.15: Using compressive strength of concrete 

(Fc') 6000psi. Relationship between:  

Story moments k.ft - Time steps  
 

 
Figure.16: Relationship between:  

Time steps - Story shear force k (1st floor),  

Using compressive strength of concrete (Fc') 

 

 
Figure.17: Relationship between:  

Time steps - Story moments k.ft (1st floor),  

Using compressive strength of concrete (Fc') 

 

8. CONCLUSIONS 
This paper introduces a study to show the 

importance of considering influence of concrete 

properties on dynamic response of concrete 

structures using effected time step of ground 

motion duration. 

 

- Shear force response is increased with increasing 

compressive strength of concrete, at increasing 

time step of ground motion duration. 

 

- Moments response is decreased with increasing 

compressive strength of concrete, at increasing 

time step of ground motion duration. 

 

- Using low of compressive strength of 

concrete reduce the response of the 

structure due to the increase in the duration 

of ground motion more than the use of high 

compressive strength of concrete. 

 

- Using compressive strength of concrete 5000psi 

and above, the response of structure (Shear Force) 

will be higher than use compressive strength of 

concrete 4000psi and less, at increasing duration of 

ground motion. 

 

9. RECOMMENDATIONS 

- The same study may be carried out using the 

effect of multi-points in line for duration of ground 

motion. 

 

- The further study may be conducted to study the 

effect of using different amplitude of earthquake. 

 

- The same study can applied taking into account 

the effect of duration of ground motion for 

structures with long period. 

 

- Also the same study can be investigated using 

high rang of compressive strength of concrete 

6000psi to 12000psi. 
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