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 رؤص١ش لٛح عجك الإعٙبد ػٍٝ رشدد اٌجلاؽبد اٌخشعب١ٔخ لاؽمخ اٌشذ اٌّششخخ ٚ اٌغ١ش ِششخخ 

 اٌٍّخض اٌؼشثٝ :
رز١ّض اٌجلاؽبد اٌخشعب١ٔخ لاؽمخ اٌشذ ثغّبوخ ألً ِٓ اٌجلاؽبد اٌخشعب١ٔخ اٌّغٍؾخ اٌؼبد٠خ ِّب ٠ض١ش ِشبوً الإ٘زضاص ٌّضً 

٘زٖ اٌجلاؽبد ٔظشا  ٌزم١ًٍ عغبءح اٌمطبع. رمذَ الأثؾبس اٌغبثمخ اعزٕزبعبد ِخزٍفخ ٌّٛػٛع رؤص١ش لٛح عجك الإعٙبد ػٍٝ 

شذ، ٚ ٠ذسط ٘زا اٌجؾش عٍٛن اٌجلاؽبد اٌّششخخ ٚ اٌغ١ش ِششخخ ثبعزخذاَ ثشٔبِظ رشدد اٌؼٕبطش اٌخشعب١ٔخ لاؽمخ اٌ

. رُ اعزٕزبط أْ لٛح عجك الإعٙبد لا رئصش ػٍٝ عغبءح ٚ رشدد اٌجلاؽبد اٌغ١ش ِششخخ ABAQUSاٌؼٕبطش اٌّؾذدح 

الإعٙبد ٌزم١ًٍ ششٚؿ اٌشذ ٔز١غخ أؽّبي اٌزشغ١ً، ٌىٓ رشدد اٌجلاؽبد اٌخشعب١ٔخ اٌّششخخ ٠زٕبعت ؽشد٠ب  ِغ لٛح عجك 

ثبٌؼٕظش اٌخشعبٔٝ ٚ ثبٌزبٌٝ ص٠بدح عغبءح ٚ رشدد اٌجلاؽخ اٌخشعب١ٔخ. ٠ذسط أ٠ؼب  ٘زا اٌجؾش ؽش٠مخ اٌزشخ١ُ الاعزبر١ىٝ 

 ٌؾغبة رشدد اٌجلاؽبد اٌخشعب١ٔخ، ٚرُ اعزٕزبط أْ ٘زٖ اٌطش٠مخ لا رمذَ ٔزبئظ دل١مخ.

مخ اٌشذ، رشدد إٌّؾ الأٚي، اٌخشعبٔخ عبثمخ الإعٙبد، اٌجلاؽبد اٌّششخخ، اٌىٍّبد اٌّفزبؽ١خ: اٌجلاؽبد اٌخشعب١ٔخ لاؽ

 اٌجلاؽبد اٌغ١ش ِششخخ

ABSTRACT: 

 Post-tensioned concrete flat slabs are characterized with smaller thickness than 

ordinary reinforced concrete flat slabs, which could raise vibration problems for such slabs. 

However, the past research presented different findings for the influence of the prestress force 

on the frequency of prestressed concrete floors. This research investigates the effect of the 

prestress force on the frequency of cracked and uncracked prestressed concrete slabs using the 

finite element software ABAQUS. It is found that the prestressing force does not affect the 

frequency of uncracked prestressed concrete floors, but it increases the effective inertia of 
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cracked sections by closing such tensile cracks which increases the stiffness and the frequency 

of the section. In addition, the research studies the accuracy of the static deflection method in 

the prediction of the frequency of prestressed concrete slabs, and the method was found to 

give more conservative results than actual values. 

Keywords: Post-tensioned concrete slabs, Frequency, Prestressed concrete, Cracked 

slabs, Uncracked slabs 

INTRODUCTION 

 Prestressed concrete is used globally in several residential and commercial projects in 

different forms especially bridges and slabs for its advantages. Prestressed concrete structures 

offer some advantages over reinforced concrete structures such as less rebar reinforcement, 

uncracked section for service state, and smaller concrete thickness for slabs or large spans. 

The latest advantage provides slender concrete sections, which makes the vibration analysis 

essential to check the dynamic behavior of such slabs, as the smaller thickness and lower 

frequency makes slabs susceptible to resonance phenomenon where the frequency of the slab 

(ƒ) is very close to the frequency of the dynamic force ( )̅, which may lead to very high 

dynamic displacement following (Equation 1), where (r) is the ratio between ( )̅ and (ƒ). 

1-       𝑐       𝑐      
                   

        (Equation 

1) 

 The first mode of motion of the slab is the most critical for its low frequency therefore, 

the frequency of the first mode of the slab shall not be less than the minimum allowable values 

stated by many references as [1] where Khan recommended the frequency of the slab not to be 

less than 8 Hz to avoid large dynamic displacement.  

This research discusses the effect of the prestressing force on the frequency of cracked 

and uncracked post-tensioned concrete slabs. In addition, the paper studies the accuracy of the 

static deflection method in the estimation of the frequency of post-tensioned concrete slabs.  

THE PRESTRESS LEVEL EFFECT ON FREQUENCY OF STRUCTURES 

 There is no final agreement reached in the past research for the effect of the prestress 

force on the frequency of prestressed concrete structures. It is confirmed by Kovalovs et al. [2] 

that there are three points of view which are: 

THE PRESTRESSING FORCE AND BEAM‘S FREQUENCY ARE DIRECTLY 

PROPORTIONAL TO EACH OTHER 

 Lu et al. [3] declared that the fundamental frequency of a 4m-long prestressed concrete 

beam increased only 0.43% after applying the prestressing force. Jang et al. [4] applied six 

prestress forces on an 8m-long cracked concrete beam, and it was found that the frequency of 

the cracked beam increased by increasing the prestress force to the point where the 
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prestressing force could close all tensile cracks in the beam. When the beam turned uncracked, 

the prestress level did not influence the frequency of the beam. Noble et al. [5] confirmed the 

same conclusion of Jang et al [4] for the effect of the prestress force on the frequency of 

cracked prestressed concrete beams by applying various tendon eccentricities and prestress 

loads. 

THE PRESTRESSING FORCE AND BEAM‘S FREQUENCY ARE INVERSELY 

PROPORTIONAL TO EACH OTHER 

 Law et al. [6] simulated a prestressed concrete beam subjected to several prestress 

forces, and the authors confirmed that the frequency of the beam decreased with increasing the 

prestress force. However, the applied forces were too high which led to compression softening 

of concrete which decreased the elasticity modulus and the stiffness of the concrete section. 

THERE IS NO RELATIONSHIP BETWEEN THE PRESTRESSING FORCE AND 

BEAM‘S FREQUENCY 

Noble et al. [7] applied dynamic tests on uncracked prestressed beams with the same 

properties as mentioned in his research [5]. The authors confirmed that the prestressing force 

did not affect the frequency of the beam. Goh et al. [8] used MATLAB to examine the 

parameters influencing the frequency of prestressed concrete beams. The authors applied five 

prestress forces on a 2.7m-long prestressed concrete beam confirming that there is no 

relationship between the prestressing force and the frequency of the beam. Bonopera et al. [9] 

investigated the effect of three different prestressing forces on the frequency of an uncracked 

prestressed concrete beam, and Bonopera confirmed that there are no tensile cracks or 

compression softening of concrete occurs in the beam under the applied prestress forces. 

Bonopera concluded that the prestressing force did not influence the frequency of the 

prestressed concrete beam significantly.  

NUMERICAL MODELLING 

ABAQUS is a finite element-based software used to model post-tensioned concrete 

slabs with different layouts and loads on the slab. Slabs are represented as solid elements of 8-

node quadrilateral elements as shown in (Figure 1), and prestressing strands are represented as 

wire truss elements. Flat slabs are modelled in 3x3 bays as in (Figure 2), and their geometries 

are presented in (Table 1). 
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Figure 10 Nodes of Solid Elements [10] 

 

Figure 11 Layout of Modelled Prestressed Concrete Flat Slabs 

Table 3 Properties of Modelled Prestressed Concrete Flat Slabs 

Model 

number 

Slab 

thickness (m) 

Long span 

(m) 

Short span 

(m) 

Columns 

length (m) 

Columns 

width (m) 
 

Model 1 0.28 10 10 0.4 0.4 
 

Model 2 0.225 7.2 7.2 0.45 0.45 
 

Model 3 0.35 8 7.5 0.45 0.45 
 

Model 4 0.3 9 9 0.6 0.6 
 

Properties of concrete and prestressing steel are mentioned in (Table 2), and the stress-

strain plot of concrete in tension and compression is shown in (Figure 3), and that for 

prestressing steel is shown in (Figure 4). 
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Table 4 Properties of Concrete and Prestressing Steel Used in Modelling 

 Concrete Prestressing steel 

Density (kN/m
3
) 23.544 76.518 

Dynamic elasticity modulus (MPa) 34.79E+03 200E+3 

Poison‘s ratio (ʋ) 0.2 0.0 

 

 

Figure 12 Stress-Strain Plot of Concrete 

 

Figure 13 Stress-Strain Plot of Prestressing Steel 
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THE INFLUENCE OF THE PRESTRESSING FORCE ON THE FREQUENCY OF 

UNCRACKED POST-TENSIONED CONCRETE FLAT SLABS 

 Different prestressing forces are applied on modelled flat slabs to test the effect of the 

prestress force on the frequency of concrete slabs, and results are presented in (Table 3). 

Table 5 Frequencies of Prestressed Slabs of Different Prestress Forces 

Model number 

High prestress force 

(Hz) 

Average prestress force 

(Hz) 

Zero prestress force 

(Hz) 

Freq. (Hz) Variation Freq. (Hz) Variation Freq. (Hz) Variation 

Model 1 6.1898 0.38% 6.2137 0.0% 6.1266 1.42% 

Model 2 10.729 1.04% 10.842 0.0% 10.805 0.34% 

Model 3 12.916 0.84% 13.025 0.0% 13.029 0.03% 

Model 4 9.5021 0.25% 9.5259 0.0% 9.4385 0.92% 

       
 Models of average prestress forces assure that slabs are uncracked and no compression 

softening of concrete occurs. The frequencies of slabs slightly decrease by applying high 

prestress forces due to compression softening effect, and frequencies slightly decrease when 

the prestressing forces are deactivated as slabs start a little to crack. However, it is confirmed 

that the prestress force effect is negligible as the highest variation shown in (Table 3) is 

1.42%. 

THE INFLUENCE OF THE PRESTRESSING FORCE ON THE FREQUENCY OF 

CRACKED POST-TENSIONED CONCRETE FLAT SLABS 

 Prestressed flat slab (Model 1) is loaded with higher loads to allow concrete tensile 

cracking, and results are shown in (Table 4). 

Table 6 Frequencies of Cracked Prestressed Concrete Slabs 

External load 

(kN/m
2
) 

Uncracked 

Slabs 
Prestressed slabs Non-prestressed 

Frequency 

(Hz) 

Frequency 

(Hz) 
Variation 

Frequency 

(Hz) 
Variation 

3 5.1866 5.0767 2.12% 4.8069 7.32% 

4.5 4.82 4.6752 3.00% 4.2735 11.34% 

      
Higher loads on slabs bring higher straining actions and bigger tensile cracks, and 

prestressing strands work on closing such cracks which increases the effective inertia of the 

concrete section. Results in (Table 4) show the major effect of the prestress forces on the 

frequency of cracked prestressed concrete slabs. 
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THE ACCURACY OF THE STATIC DEFLECTION METHOD IN DETERMINING 

THE FREQUENCY OF CONCRETE SLABS 

 The static deflection method (SDM) is mentioned in PCI [11] and SCI [12] following 

(Equation 2), and it is stated to determine the first mode‘s frequency (ƒ) of concrete slabs.  

ƒ(Hz) = 0.18 √
 

 
    (Equation 2) 

where (g) is the gravitational acceleration 9.81 m/s
2
, and (Δ) is the deflection in meters due to 

service gravity loads without the prestress effect.  

 This method is investigated for (Model 1) under different loads to examine its 

accuracy in predicting the frequency of concrete slabs, and results are shown in (Table 5). 

Table 7 Examining the Static Deflection Method to Determine the Frequency of Concrete Slabs 

External load (kN/m
2
) 0 3 4.5 

Uncracked slabs 

FEM freq. (Hz) 6.2653 5.1866 4.82 

Deflection (mm) 8.295 15.82 19.59 

SDM freq. (Hz) 6.1901 4.4823 4.0280 

Variation % 1.20% 13.58% 16.43% 

Cracked slabs 

FEM freq. (Hz) 6.1266 4.8069 4.2735 

Deflection (mm) 10.16 29.16 51.35 

SDM freq. (Hz) 5.5932 3.3015 2.4879 

Variation % 8.71% 31.32% 41.78% 

     
 The static deflection method is shown to present inaccurate results following (Table 5) 

which shows the error percentage may reach 41%. 

CONCLUSION 

 This paper concludes the following: 

1- Prestress forces shall not be too high to avoid compression softening of concrete. 

2- Prestress forces increase the frequency of cracked concrete slabs. 

3- Prestress forces do not affect the frequency of uncracked concrete slabs. 

4- The static deflection method may present inaccurate results for the frequency of 

concrete slabs 
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