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Abstract  

 

The aims of this study is to present a new simple accurate equation to determine the 

punching shear strength of normal and high strength reinforced concrete flat slabs. The 

punching shear strength prediction of the proposed equation is compared with the 

experimental data collected from 58 experimental cases.  The proposed equation takes into 

account some effects such as concrete compressive strength, slab depth, slab tension 

reinforcement ratio at the critical section, shape and dimension of column, and the position 

of critical section. The proposed equation gives a better agreement with experimental data 

than AS3600, CEB-FIP MC-90, ECP, ACI-318, and BS-8110. It is noticed that the tension 

reinforcement ratio has an effect on the punching shear strength where increasing the 

tension reinforcement ratio from (0.6%) to (2.2%) increase the strength of punching shear 

strength by (17%). 

 

Keywords: flat slabs; reinforced concrete; punching shear strength, high strength concrete 

 

 عادية وعالية المقاومة ستويةاقتراح معادلة جديدة لحساب قص الثقب للبلاطات الخرسانية الم

 

 الخلاصة

 

الثقد  لبلاطاداا الساسدا طة الحسدةحة ةاديدة يدةة يد   حسدا لة بسدطةة دديطقدة جديدد معادلةالدراسة إلى تقديم هذه تهدف 

التد  تدم  عحبطدةمد  اللاطا داا ال عادلة الحقتاحدةحبة باستسدام الالثق  الححسةي   قةةل نتائجمقار ة ال ت. تحدةالطة الحقادمة

 ,Ramdane, Hallgren and Kinnunen تطجة فح  ةحب  لسدتة دراسداا ا جدما مدن يلادا اللاداحثطن  85جحعها من 

Marzouk and Hussein, Tomaszewicz, Metwally et.al., Abdel Hafez . عادلدة الحقتاحدة اةةدت تةافد  الح

 .AS3600 , CEB-FIP MC-90, ECP, ACI – 318, and BS – 8110 مد قار دة ائج العحبطدة بالحجطدد مد  النتد

سحك اللاطاة،  سلاة حديد التسدبط   ،لبساسا ة مقادمة الا ضغاا مثا  حؤثاااالاةتلاار بعض البنظا أخذ حقتاحة تلالحعادلة ا

يحكدن الاسدتنتاج بدأد حديدد  .  الحداج  سدلاة لبعحدةددكذلك مةيد  الحقةد ف  اللاطاة ةند الحقة  الحاج، شكا د ابعاد العحةد
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( يميددد %2.2( الددى  %0.6التسدبط  فدد  منةقدة الؤددد يددؤثا ةبدى مقادمددة القدد  حطدد ديددادة  سددلاة حديدد تسددبط  الؤددد مدن  

 (.%17مقادمة الق  بحةال   

 البلاطات المسطحة، خرسانة مسلحة، مقاومة قص الثقب الكبحاا الدالة:

 

Introduction 

 

The reinforced concrete flat slab is an economical and popular structural system. Its 

framework is very simple. It consists of a two-way slab of a uniform thickness cast 

monolithically with columns. In flat slabs the load transfer between the slab and the column 

induces high stresses near to this last that incite to cracking and even failure. The punching 

shear failure is associated to the formation of a cone-shaped element(3) (see Figure(1)). This 

shape is a result of the interaction between the shear effects and flexion in a region close to 

the column. Now, there is a considerable attention to use the high-strength concrete (HSC) 

technique. Therefore, the study of punching shear phenomena of HSC flat slabs must be done 

as well as for normal-strength concrete (NSC) flat slabs. Marzouk and Hussein (1991) tested 

17 square specimens to investigate the punching shear behavior of high-strength concrete 

slabs. The structural behavior with regard to the deformation and strength characteristic of 

high-strength concrete slabs of various thicknesses and different reinforcement ratios (0.49-

2.33%) were studied. Tomaszewicz (1993) tested 19 square flat slabs with orthogonal, 

equally spaced flexural reinforcement and without shear reinforcement. Slabs were supported 

along the edges and loaded at mid-span by a concentrated load to failure in punching. The 

variables in the test series were concrete strength (64-112 MPa), slab thickness (120, 240 and 

320 mm) and reinforcement ratio. Parameters were chosen such that punching shear failure 

proceeded flexural failure. 

 

 

 

 

 

 

 

 

 

 

 

Ramdane (1996) experimented 18 circular slabs of 125 mm thickness and 1700 mm in 

diameter. They were divided into three groups in terms of main steel ratio with different 

concrete cylinder strengths varying from 32 to 102 MPa. The slabs were equally reinforced in 

Figure(1): Punching failure surfaces of flat 
slab(3) 
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orthogonal directions and were without shear reinforcement. The punching load was applied 

upward by a 550 kN hydraulic jack through a thick steel disk with a diameter of 150 mm 

situated in the center beneath the slab. The reactions were provided by 12 high tensile steel 

rods equally spaced around a circle with a diameter of 1372 mm. Hallgren and 

Kinnunen(1996) tested 10 circular HSC slabs, supported on circular concrete column stubs. 

The total diameter of the slabs was 2540 mm and the diameter of the circle along which the 

load was uniformly distributed was 2400 mm. The slabs had a nominal thickness of 240 mm 

with an effective depth of 200 mm. The compressive strengths of HSC specimens were 

between 85 and 108 MPa. All slabs were provided with two-way flexural reinforcement 

consisting of deformed bars with a mean flexural reinforcement ratio of 0.003 to 0.012. Three 

slabs had shear reinforcement. Ngo (2001) compared the results from 4 research studies with 

AS3600 and CEB-FIP MC 90 codes for punching shear failure of slabs. In AS3600 the 

punching shear strength was expressed as proportional to fc
1/2. However in CEB-FIP MC 90 

punching shear strength was assumed to be proportional to fc
1/3. It was shown that the 

provisions in AS3600 were applicable up to 100 MPa. Taha, et.al. (2006) presented an 

alternative approach for predicting the punching shear strength of interior slab-column 

connections using fuzzy logic (FL). A total of 176 data points were used in the training and 

testing of the fuzzy system. The model predictions were compared to current strength models 

most widely used in design practice such as CEB-FIP MC 90, Eurocode 2, and ACI 318 

codes. It was found that a significant enhancement in the prediction of the punching shear 

strength of interior slab-column connections can be achieved by means of the fuzzy system. 

Metwally, et.al. (2008) studied the punching shear strength of normal and high strength 

reinforced concrete flat slabs. The tension steel reinforcement ratio, concrete compressive 

strength and the slab thickness were investigated by testing a 55 reinforced concrete flat slabs 

and the results were compared with the ECP-203,    ACI-318, and BS-8110 code's provisions. 

This paper proposes a new equation to determine the punching shear strength of reinforced 

concrete flat slabs. The punching shear strength predictions of the proposed equation are 

compared with the experimental data collected from review, the Egyptian code equation, the 

ACI Code equation, the British Standard equation, equation of Standards Association of 

Australia (AS3600), and CEB-FIP code equation. 

 

Methods of Punching Shear Strength 

 

1-The Egyptian Code of Practice (ECP-203) 

 

The critical perimeter is located at 0.5d away from the column face, and  is the smallest of 

the following: 
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                              (N/mm2)                 
(1) 

                   (N/mm2)                 
(2) 

                                 (N/mm2)                 
(3) 

 

In which  for interior column, a/b=1, for circular column, and  (material 

safety factor). In calculation, the code limit for concrete strength is ignored. 

 

2-The American Building Code (ACI- 318) 

 

The critical perimeter is assumed at 0.5d from the perimeter of the loaded area, and  is the 

smallest of the following: 

 

                                  (N/mm2)                 (4) 

                              (N/mm2)                 (5) 

                                              (N/mm2)                 (6) 

where long side/short side of the column and should be taken greater than or equal to 

. 

= concrete cylinder compressive strength = 0.85  for cube strength. 

 40 for interior columns. 

The requirement of the ACI code that  is not exceed 68MPa was disregarded in 

computations. 

 

3-The British Standard (BS – 811) 

 

The critical section was adopted by the British Standard at 1.5d from the column face, and  

was calculated as follow: 

                  (N/mm2)                 (7) 

 

Where: 

 is the effective flexural reinforcement ratio for the critical section. 

MPa,  and .  



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012  ISSN 1813- 7822 
 

 

 

51 

 

4- Concrete Structures Standard. Standards Association of Australia, 1994 

(AS3600): 

 

In AS3600 (Cl. 9.2.3) the punching shear strength is expressed as proportional to '

c
f . f’c is 

limited to 50 MPa in this code. The square-root formula in AS3600 is adopted from the ACI 

code. ACI provisions for punching shear are derived from Moe’s work on low strength 

concrete.  The ultimate shear strength for slabs without prestress is given by  
cvuo

fudV  . 

where: 

u= length of the critical perimeter, taken at a distance of d/2 from the column (mm). 

fcv = punching shear strength (MPa). 

''
34.0

2
117.0

cc

c

cv
fff 

















                  (N/mm2)                 (8) 

ratio of longest column dimension to shorter column dimension. 

 

5-CEB-FIP Model Code 1990: 

 

In this study, CEB-FIP MC-90 model code is also considered for comparison. In MC-90 the 

punching shear resistance, Fsd is expressed as proportional to   3

1

ck
f , Where fck is the 

characteristic compressive strength of concrete. The highest concrete grade considered in 

MC90 is C80, which corresponds to fck equal to 80 MPa. Influences of reinforcement and slab 

depth are also considered in this design code. 

  

  duf.F
cksd 1

3

1

100120                     (9) 

 

where: 

d

200
1   is a size-effect coefficient. 

u 1 = the length of the control perimeter at 2d from the column.  

yx
   

In the ultimate limit state the partial safety factor is 1.5. For the calculation of 

punching load capacity Fsd is multiplied by 1.5, which gives the following equation. 

  duf.F
cksd 1

3

1

100180                     (10) 
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6-Proposed Equation 

 

The proposed equation for the punching shear strength of reinforced concrete flat slabs takes 

into account several effects such as the depth of slab at the critical section,  diameter of 

column, if its circular section or the longest dimension, if its rectangular section, tension 

reinforcement ratio of slab at the critical section, and compressive strength of concrete. The 

critical perimeter is located at 0.5d away from the column face. The proposed equation takes 

the following form: 

 

 vc=α (fc')γ βo d            (N)       (10) 

 

where: 

       for   

       for      but  

  

a = Dc=  for circular column. 

a = Hc=  for rectangular column. 

fc' = Concrete cylindrical compressive strength. 

d  = Effective depth of slab. 

ρ = Tension reinforcement ratio of slab at the critical section. 

βo =The critical section perimeter. 

Dc=Column diameter (circular column). 

Hc=The longest dimension of rectangular column section. 

 

Numerical Examples 

 

A total of 58 test results from six research studies conducted by Ramdane, Hallgren and 

Kinnunen, Marzouk and Hussein, Tomaszewicz, Metwally et.al., and Abdel Hafez were 

compared to values of punching strength calculated using the proposed equation. In all cases, 

tests were conducted on square or circular slabs supported by column stubs or loading plates. A 

considerable variety of concrete strengths, slab reinforcement ratios and slab depths are 

represented in the various studies. 

Table (1) shows the variables used for each study, and the comparison of the experimental 

ultimate loads (Pexp) of the slabs to the values predicted by AS3600, CEB-FIP MC-90, and 

the proposed equation are shown in Table (2) and Figure(2). In these expressions, the limits 

with respect to the concrete strength have been ignored. The capacity reduction factor is 

assumed to be equal to (1).  The compressive strength is used from 68MPa to 108.8MPa and 
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the tension reinforcement ratio from (0.6-2.49)% , and tow shapes of column (circular and 

square).   

Table (1): Geometrical and material properties of experimental 
concrete slabs tested by Hallgren and Kinnunen, Marzouk and 

Hussein, and Tomaszewicz. 
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Table (2): The comparison of the proposed method, AS3600, and 

CEB-FIP equations with experimental data for the specimens 
 
 

Fig. (2): Ratios of experimental and predicted punching shear strengths for all 

the specimens  
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From Table(2) and Figure(2)can be noticed that the mean of the proposed equation to  

experimental punching strength about 1.028 closer than other equations were introduced.  The 

largest difference between the proposed value and the experimental data is about 23.75% 

 which is for the HS2 specimen where the Pu(exp)/Pu(pred) equal 

to 0.808 for the same specimen. While the smallest difference between the proposed value 

and the experimental data is about 0.703% which is for the nd95-2-1 specimen where the 

Pu(exp)/Pu(pred) equal to 1.007 for the same specimen.  

Table (3) shows the variables used for each specimen, and the comparison of the experimental 

ultimate loads (Pexp) of the slabs to the values predicted by ECP, ACI-318, BS-8110, and the 

proposed equation are shown in Table (4) and Figures (3 and 4). Very good agreement can 

be noted between the proposed equation and experimental results rather than other equations. 

If the specimen (HS1) is excluded, the largest difference between the proposed value and the 

experimental data is about 35.03% which is for the slab2 specimen where the Pu(exp)/Pu(pred) 

equal to 0.74 for the same specimen. While the smallest difference between the proposed 

value and the experimental data is about 0.187% which is for the HS-19 specimen where the 

Pu(exp)/Pu(pred) equal to 1.0018 for the same specimen. The mean value of the 

experimental/prediction punching strength was 0.996 for the proposed equation while its 

equal to 1.089 for the BS-8110 equation, 1.442 for the ACI-318 equation, and 1.362 for the 

ECP equation. 

 

Parametric Study 

 

a. Effect of Concrete Compressive Strength on the Punching Strength of Reinforced 

Concrete Slab 

A reinforced concrete flat slab with 100mm depth and supported on circular column 

(diameter=150mm) was analyzed with compressive strength for slab varies from 20 MPa to 

120 MPa for five slab tensile reinforcement ratio (0.6%, 1%, 1.4%, 1.8%, and 2.2%). 

Table (5) and Figure (5) show the calculated punching shear strength for the reinforced 

concrete slab with various value of concrete compressive strength for each value of tensile 

reinforcement ratio(0.6%, 1%, 1.4%, 1.8%, and 2.2%) 
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Table (3): Geometrical and material properties of experimental 
concrete slabs tested by Metwally et.al., Ramdane, Hallgren and 

Kinnunen, Abdel Hafez, and Marzouk and Hussein 

 



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012  ISSN 1813- 7822 
 

 

 

57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (4): The comparison of the proposed method, ECP, 
ACI-318, and   BS-8100 equations with experimental data for 

the specimens 



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012  ISSN 1813- 7822 
 

 

 

58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (3): Ratios of experimental and predicted punching shear strengths 

for the specimens (slab5, slab12, slab 14, slab 16, and slab 22) 
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Figure (4): Ratios of experimental and predicted punching shear strengths 
for the specimens (HS-1, HS-4, HS-6, HS-8, HS-9, HS-10, HS-11, and HS-12) 
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The ultimate punching shear strength is increased as the concrete compressive strength was 

increased but the rate of increasing in punching strength is decreases with increasing the 

compressive strength. For the five values of tension reinforcement ratio shown in table (5), 

the  punching shear strength is increased by about (85%) when the compressive strength 

increase from (20 MPa) to (70 MPa) and (7%) when the compressive strength increase from 

(70 MPa) to (120 MPa).  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (5): The relation between the calculated punching shear strength 
(using proposed equation) and the concrete compressive strength for 

(0.6%, 1%, 1.4%, 1.8%, and 2.2%) slab tensile reinforcement ratio. 
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Compressive strength (MPa). 

Table (5): Calculated punching shear strength value (kN) using proposed 
equation for reinforced concrete flat slab with various value of tensile 

reinforcement ratio and concrete compressive strength 
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b. Effect of The Slab Tension Steel Reinforcement Ratio on The Punching Strength of 

Reinforced Concrete Slab 

To study the effect of slab tension reinforcement ratio on punching strength of reinforced 

concrete flat slab, Table (5) and Figure (5) can be redraw as shown in Table (6) and Figure 

(6).  From this study, it can be noticed that the general trend of the relation between the 

tension reinforcement ratio and the ultimate punching shear strength is the increasing in the 

first one cause increasing in the second one. When increasing the tension reinforcement ratio 

from 0.6% to 2.2% cause increasing in punching shear strength about 17% for all values of 

concrete compressive strength. 

 

c. Effect of The Slab Thickness on The Punching Strength of Reinforced Concrete Slab 

Two flat slabs with properties shown in Table (7) are analyzed to study the effect of the slab 

thickness on the punching strength of reinforced concrete flat slab. Table (8) and Figures (7 

and 8) show the calculated punching shear strength of slabs (SS1 and SC1) with three values 

of tension steel reinforcement ratio of slab (0.01, 0.02, and 0.03) and with slab thickness 

varies from (75mm) to (300mm). From this study, it’s can be noticed that the slab thickness 

increase the punching strength increase. The increasing in punching strength for slab (SS1) 

are about (700%) with tension reinforcement ratio (1% and 2%) and (660%) with tension 

reinforcement ratio (3%) when the slab thickness increase from (75mm) to (300mm). The 

increasing in punching strength for slab (SC1) are about (660%) with tension reinforcement 

ratio (1%) and (600%) with tension reinforcement ratio (2% and 3%) when the slab thickness 

increase from (75mm) to (300mm). 

 

d. Effect of The Column Shape on The Punching Strength of Reinforced Concrete Slab: 

Curves in Figures (7 and 8) are redrawn together in one figure as shown in Figure (9) to 

study the effect of column section shape on the punching shear strength of flat slabs (SS1 and 

SC1). Note that the square column which support slab (SS1) and the circular column which 

support slab (SC1) have the same circumference. From this study, it’s can be noticed that slab 

supported on square column (SS1) give punching shear strength greater than the slab 

supported on circular column (SC1) for the same value of slab thickness and tension 

reinforcement ratio. For reinforcement ratio (1%) and slab thickness (75mm),  the slab (SS1) 

give punching shear strength greater than punching shear strength of slab (SC1) by about 

(12%) and this difference reach (16%) for slab thickness (300mm). For reinforcement ratio 

(2%) and slab thickness (75mm),  the slab (SS1) give punching shear strength greater than 
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punching shear strength of slab (SC1) by about (3%) and this difference reach (14%) for slab 

thickness (300mm). For reinforcement ratio (3%) and slab thickness (75mm),  the slab (SS1) 

give punching shear strength greater than punching shear strength of slab (SC1) by about 

(0.6%) and this difference reach (11%) for slab thickness (300mm). 

 

 

 

 

 

 

 

 

 

For any value of slab thickness shown in table (8), the rate of increasing in punching strength 

of slab (SS1) with respect to punching strength of slab (SC1) is decreases with increasing the 

tension reinforcement ratio. For any value of tension reinforcement ratio shown in table (8), 

the rate of increasing in punching strength of slab (SS1) with respect to punching strength of 

slab (SC1) is increases with increasing the slab thickness. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table (6): Calculated punching shear strength value (kN) using proposed 
equation for reinforced concrete flat slab with various value of tensile 

reinforcement ratio and concrete compressive strength. 
 

Figure(6): The relation between the calculated punching shear strength 
 and the slab tensile reinforcement ratio for various 

 concrete compressive strength values. 
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 Slab (SS1) Slab (SC1) 

Concrete compressive 

strength of slab (MPa) 
20 20 

Tension reinforcement ratio 

for slab (%) 
1 2 3 1 2 3 

Slab thickness (mm) 

Varies 
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Varies 
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Varies 

from75mm 

to 300mm 

Type and dimension of 

column 

Square 

h=b= 117.81mm 

Circular 

Diameter=150mm 

 

Table (7): Properties of slabs (SS1 and SC1). 
 
 

Table (8): Calculated punching shear strength value (kN) using proposed 
equation for reinforced concrete flat slabs (SS1 and SC1). 
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Figure (7): The relation between the calculated punching shear strength  
and the slab thickness for slab (SS1) with three values of 

 tensile reinforcement ratio (0.01, 0.02, and 0.03). 
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Figure (8): The relation between the calculated punching shear strength 
 and the slab thickness for slab (SC1) with three values  

of tensile reinforcement ratio (0.01, 0.02, and 0.03) 
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Figure (9): The relation between the calculated punching shear strength 
  and the slab thickness for slabs (SS1 and SC1) with three values 

 of tensile reinforcement ratio (0.01, 0.02, and 0.03). 

 

ρ 

ρ 

ρ 

ρ 



Journal of Engineering and Development, Vol. 16, No.4, Dec. 2012  ISSN 1813- 7822 
 

 

 

64 

Conclusions 

 

Based on the analysis and discussion of the experimental and analytical results given above, 

the following conclusions can be drawn: 

1. The proposed equation is a simple and accurate equation which can be used for 

calculation of normal and high strength concrete punching strength. 

2. The increasing in concrete compressive strength cause increasing the concrete punching 

strength. But the rate of increasing in punching strength is decreases with increasing the 

compressive strength. 

3. Increasing the slab tension reinforcement ratio has significant effects on increasing the 

punching shear capacity. The increase in tension reinforcement ratio from 0.6% to 2.2% 

cause increasing in punching shear strength about 17% for all values of concrete 

compressive strength. 

4. The increasing in slab thickness cause increasing in punching strength for slab. The 

increasing in punching strength for slab are about (600%-700%) when the slab thickness 

increase from (75mm) to (300mm). 

5. The punching shear strength of slab supported on square column is greater than punching 

shear strength of slab supported on circular column have same circumference of the 

square column by a ratio varies from (0.6%) to (16%) based on slab thickness and slab 

tension reinforcement ratio. 

6. The rate of increasing in punching shear strength of slab supported on square column with 

respect to that for slab supported on circular column is decreases with increasing the 

tension reinforcement ratio of slab. 

7. The rate of increasing in punching shear strength of slab supported on square column with 

respect to that for slab supported on circular column is increases with increasing the slab 

thickness. 
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