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Abstract 
Reinforced concrete flat slabs have been widely adopted in civil construction owing to the several ad-

vantages offered by this structural system. However, one of the main concerns with this system is the 

high concentration of forces, particularly shear forces, at the slab-column connection, which can result 

in a phenomenon known as punching shear. This article presents verifications based on the normative 

formulations of ABNT NBR 6118 (2023), EUROCODE 2 (2004), ACI 318 (2019), and fib Model Code 

(2020), addressing the main parameters that influence punching shear resistance, such as concrete com-

pressive strength, column geometry, slab effective depth, and tensile bending reinforcement ratio. The 

results show that, in structures already equipped with shear reinforcement, increasing the slab's effec-

tive depth is the most effective factor in improving punching shear resistance. Among the standards 

analyzed, ACI 318 (2019) and fib MODEL CODE (2020) proved to be the most conservative. 

1 INTRODUCTION 

The flat slab is an alternative to the conventional reinforced concrete system, eliminating the use of 

beams by resting directly on the columns. Its advantages include formwork savings, faster construction, 

greater architectural flexibility, and increased ceiling height. However, highlighted that, despite its ap-

parent simplicity, the structural behavior of flat slabs is complex, particularly in support regions, where 

it is susceptible to punching shear effects [1]. That punching shear occurs owing to shear forces gene-

rated by concentrated loads near the columns, resulting in to brittle failures and, in severe cases, pro-

gressive collapse of lower floors [2]. 

2 LITERATURE REVIEW 

 Concrete Compressive Strength  

Punching shear resistance in concrete structures is directly related to compressive strength, with studies 

indicating that tensile strength also influences structural behavior. A formulation for punching shear 

resistance based on the square root of the concrete's compressive strength limits the compressive stren-

gth to 69 MPa [3]. Other standards use the cube root of the compressive strength to estimate punching 

shear resistance, considering this approach safer for concrete with strengths ranging from 20 to 90 MPa 

[4]-[5]. 

 Column Dimensions and Geometry  

The stress in a concrete structure varies according to the dimensions and shape of the column, affecting 

the slab-to-column connection. Circular columns distribute stresses more uniformly, whereas rectangu-

lar and square columns concentrate stresses at the corners. Observed that punching shear resistance can 

be up to 15% higher in circular columns [6]. Column geometry, particularly the use of column capitals 

to increase the top section, can and in better distributing stresses and reduce punching shear effects. 
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 Slab Effective Depth  

Increasing the effective depth of the slab increases the compressed concrete area and, consequently, the 

compressive strength. However, there is the size effect. This effect refers to the phenomenon in which 

the nominal shear strength does not vary linearly with the slab thickness [7]-[8]. For example, a slab 

that is twice the size of another with similar properties will not have twice the strength of the smaller 

one due to the size effect. Consequently, the larger slab will exhibit a lower average resistant stress. 

  Use of Punching Shear Reinforcement 

The best solution for increasing punching shear resistance is the use of shear reinforcement, as mo-

difying the column geometry or increasing the slab thickness can impact the architectural design and 

raise costs. Concrete compressive strength is also not very effective in this case. It is worth noting that 

the main difficulty in using shear reinforcement is the proper placement of the bars near the column, 

ensuring good anchorage, even in thin sections [9]. Achieving the ideal reinforcement layout is chal-

lenging, as the stress region is already occupied by flexural reinforcement. Typically, a radial or cross-

shaped distribution is adopted. 

3 REGULATORY REQUIREMENTS FOR PUNCHING SHEAR RESISTANCE 

This paper presents four verifications according to existing standards, using characteristic values, since 

the analysis was based on this type of approach [4]-[5]-[10]-[11]. In the various calculation formulas, 

the resisting load is verified using a critical perimeter around the column, and when the design load 

exceeds the design resisting load, the ultimate limit state is reached. Similarly, in experimental scena-

rios, when the characteristic design load exceeds the characteristic resisting load, punching shear failure 

occurs. The possible failure modes in reinforced concrete flat slabs with and without shear reinforce-

ment are evaluated. Thus, the maximum applied load can be calculated and compared with the resisting 

load according to the prescriptions of the adopted standard [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Without shear reinforcement; 

Figure 2 At the maximum crushing capacity of the compressed strut at the column perimeter; 

Figure 3     Within the shear reinforcement region;  

Figure 4 Outside the shear reinforcement region. 
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4 ABNT NBR 6118 (2023) 

Punching shear resistance in flat slabs of reinforced concrete is verified under the following conditions: 

without shear reinforcement, considering diagonal tension; within the shear reinforcement region; and 

outside the shear reinforcement region. These verifications are carried out to ensure the safety of the 

structure against punching failures under different reinforcement conditions [4]. 

 

The punching shear resistance without shear reinforcement is verified by: 

 

                                                      𝑉Rk,c =  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)
1

3) ∙  𝑈1  ∙  𝑑                              (1) 

 

The diagonal compression resistance at the column perimeter with punching reinforcement verified 

from: 

                                                    𝑉Rk,máx =  0,27 ∙  (1 −  
𝑓𝑐𝑘

250
)  ∙  𝑓𝑐𝑘  ∙  𝑈0  ∙  d                                   (2) 

 

For load capacity within the shear reinforcement region: 

 

           𝑉𝑅𝑘,𝑐𝑠  =  [0,75 ∙  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)1/3 )  +  (1,5 ∙  
𝑑

𝑠𝑟
∙  

𝐴𝑠𝑤 .  𝐹𝑦𝑤𝑘

𝑈1.𝑑
)]  ∙  𝑈1  ∙  d   (3) 

 

For regions outside the shear reinforcement: 

 

                                         𝑉𝑅𝑘,𝑜𝑢𝑡  =  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)1/3)  ∙  𝑈𝑜𝑢𝑡  ∙  d                      (4) 

 

5 EUROCODE 2 (2004) 

The punching shear resistance without shear reinforcement is obtained using Equation 5, with a critical 

perimeter (u₁) located at a distance of 2d from the column face. The punching shear resistance when 

shear reinforcement is provided is determined based on the control perimeter u₀, located at the column 

perimeter, and u₁, defined at a distance of 2d from the column, and should be adopted in a way that 

minimizes its length. The control perimeter outside the shear reinforcement region (uout) is positioned 

at a distance of 1.5d [5]. 

                                                𝑉Rk,c =  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)
1

3) ∙  𝑈1  ∙  𝑑                                (5) 

The diagonal compression resistance at the column perimeter is verified according to the 

following equation: 

                                                          𝑉Rk,máx =  0,24 ∙  (1 −  
𝑓𝑐𝑘

250
)  ∙  𝑓𝑐𝑘  ∙  𝑈0  ∙  d                              (6) 

The load capacity within the region with shear reinforcement can be obtained using the following 

equation: 

 

            𝑉𝑅𝑘,𝑐𝑠  =  [0,75 ∙  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)1/3 )  + (1,5 ∙  
𝑑

𝑠𝑟
∙  

𝐴𝑠𝑤 .  𝐹𝑦𝑤𝑘

𝑈1.𝑑
)]  ∙  𝑈1  ∙  d     (7) 

 

The verification of the load capacity in the region outside the shear reinforcement is verified by the 

equation: 

 

                                   𝑉𝑅𝑘,𝑜𝑢𝑡  =  0,18 ∙  ξ ∙  ((100 ∙  𝜌 ∙  𝑓𝑐𝑘)1/3)  ∙  𝑈𝑜𝑢𝑡  ∙  d                              (8) 
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6 ACI 318 (2019) 

The determination of punching shear resistance in flat slabs of reinforced concrete without shear rein-

forcement must be verified using the maximum diagonal compression stress at the critical perimeter 

(B0), located at a distance of d/2 from the column face, using Equation 9 [10]. 

 

                                             𝑉𝑅𝑘,𝑐  =  min        0,035 ∙  √𝑓𝑐  ∙  𝐵0 ∙  d                               (9) 

 

The diagonal compression resistance at a distance of d/2 from the column with punching shear 

reinforcement is verified by the equation: 

 

                                                                          𝑉𝑅𝑘,𝑚á𝑥  =  λ ∙  √𝑓𝑐  ∙  𝐵0 ∙  d                                      (10) 

 

The ACI 318 (2019) standard proposes the verification of load capacity within the shear reinforcement 

region, which should be considered according to the equation: 

 

                                                                             𝑉𝑅𝑘,𝑐𝑠  =  𝑝𝑣 ∙  𝐵0  ∙  𝐹𝑦𝑑                                            (11) 

 

The load capacity in the region outside the shear reinforcement is verified by Equation 12, and its 

critical perimeter is determined : 

 

                                                                        𝑉𝑅𝑘,𝑜𝑢𝑡  =  k  ∙   𝑉𝑅𝑘,𝑚á𝑥                                                 (12) 

7 FIB MODEL CODE (2020) 

Employs a model based on the critical shear crack theory by Aurelio Muttoni, which relates punching 

shear resistance to the opening of the critical crack, depending on the slab rotation under load [11]. The 

larger the crack opening, the lower the shear resistance owing to reduced contact between the concrete 

surfaces. The model also considers the contribution of coarse aggregate interlock to shear resistance 

[13]. 

When there is no punching shear reinforcement, ksys equals 1.0, and in this case, VRkmax is equal to the 

diagonal tensile resistance: 

                                            

                                               𝑉𝑅𝑘,𝑚á𝑥 =  min {
{ 𝐾sys . 𝐾ω,d,1 .

√𝑓𝑐𝑘

𝑌𝑐
 . 𝐵0,1 . 𝑑𝑣 

√𝑓𝑐𝑘

𝑌𝑐
 . 𝐵0,1 . 𝑑𝑣

}                             (13) 

 

The maximum punching shear resistance is limited by the integrity of the concrete in the compressed 

strut: 

 

                                                                    𝑉𝑅𝑘,𝑐 = 𝐾ω,d,1 .
√𝑓𝑐𝑘

𝑌𝑐
 . 𝐵0,1 . 𝑑𝑣                                                                  (14) 

 Diagonal tension resistance in the presence of punching reinforcement is verified using: 

 

                                         𝑉𝑅𝑘,𝑐𝑠 = 𝐾ω,d,1 .
√𝑓𝑐𝑘

𝑌𝑐
 . 𝐵0,1 . 𝑑𝑣 +  (∑ 𝐴𝑠𝑤)𝐾e,l .  σswk .  senα                     (15) 

 

Diagonal tensile strength in the region outside the shear reinforcements is verified using: 

 

                                                                 𝑉𝑅𝑘,𝑜𝑢𝑡 = 𝐾ω,d,1 .
√𝑓𝑐𝑘

𝑌𝑐
 . 𝐵0,𝑜𝑢𝑡  . 𝑑𝑣,𝑜𝑢𝑡                                       (16) 
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Where: 

VRk,c = Characteristic resisting load related to diagonal tension;                                                          

VRk, max = Characteristic resisting load related to the diagonal compression of concrete;               
VRk,cs = Characteristic resisting load related to diagonal tension in the presence of punching shear 

reinforcement;                                                                                                                                     

VRk,out = Characteristic resisting load related to the diagonal tension of concrete outside the reinforce-

ment region; 

ξ = Size effect, defined as ξ = 1 + √(200/d); (NBR6118 (2023))                                                                                           

ξ = Size effect, defined as ξ = 1 + √(200/d) ≤ 2,0; (EUROCODE 2 (2004))                                         

B0 = Critical perimeter within the punching reinforcement region;                                                       

Bout = Critical perimeter outside the punching shear reinforcement region;                                         

σswk = Characteristic stress activated in the punching shear reinforcement                                                                                                                                                       

ke,1 = Eccentricity coefficient for critical perimeter                                                                                 

kw,d,1 = Coefficient related to slab design rotation calculated based on the perimeter b1    

B0,1 = Critical perimeter within the punching reinforcement region;                                                                                                                      

αs = Constant that characterizes the position of the slab-column connection in the floor; 

ρ = Bending reinforcement ratio;                                                                                                             

pv= is a measure of the shear reinforcement density per unit area or critical perimeter.                                 

fck = Characteristic compressive strength of concrete; 

d = Effective slab depth;                                                                                                                          

dv = Effective slab depth; 

U0 = Critical perimeter within the punching reinforcement region;                                                       

U1 = Critical perimeter at the column face;                                                                    
Uout = Critical perimeter outside the punching shear reinforcement region;                                                                     

Sr = Distance between shear reinforcement layers;Asw = Area of shear reinforcement steel; 
Fywk = Characteristic yield strength of punching shear reinforcement. 

8 RESULTS AND DISCUSSIONS 

The punching shear resistance results were calculated based on the formulations of the design codes 

[4]-[5]-[10]-[11]. The configuration included eight lines and five layers, S0 = 70 mm, Sr = 70 mm, d = 

159 mm, c = 350 mm, fck = 35 MPa, 8 mm studs, bending reinforcement with Ø16 mm bars spaced at 

125 mm, 25 mm concrete cover, a square column, cruciform reinforcement arrangement, and an internal 

column to examine the slab-column connection behavior. These were the standard characteristics; how-

ever, modifications were made when varying the resistance parameters.  

 

 Influence of Effective Depth 
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Figure 5 to 8 - Influence of the effective depth, d; 

The analysis of the ABNT NBR 6118 (2023), EUROCODE 2 (2004), ACI 318 (2019), and fib Model 

Code (2020) standards revealed significant differences in punching shear resistance. The ABNT NBR 

6118 (2023) and EUROCODE 2 (2004) standards showed similar trends, with a significant increase in 

resistance as the effective depth increases, highlighting the influence of concrete diagonal compression. 

The ACI 318 (2019) adopted more conservative criteria, resulting in lower resistance values, while the 

fib Model Code (2020) presented the highest values, demonstrating the strong influence of punching 

shear reinforcement. It is concluded that punching shear reinforcement is essential for increasing re-

sistance, with differences among the standards in how they consider this reinforcement. 

 Influence of Column Geometry 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9 to 12 Influence of the column geometry, c; 

The comparative analysis of the standards ABNT NBR 6118 (2023), EUROCODE 2 (2004), ACI 318 

(2019), and fib Model Code (2020) regarding the variation in column dimensions revealed significant 

differences in punching shear resistance. The ABNT NBR 6118 (2023) and EUROCODE 2 (2004) 

standards exhibited similar trends, with an increase in resistance as the column dimension grows, 

highlighting the influence of concrete diagonal compression. ACI 318 (2019) adopted more 

conservative criteria, resulting in lower resistance values, while the fib Model Code (2020) presented 

the highest values, emphasizing the positive impact of punching shear reinforcement on the structural 

load-bearing capacity. 
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 Influence of Fck 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 13 to 16 Influence of Fck 

This graph analyzes the punching shear resistance in concrete slabs according to the standards NBR 

6118 (2023), Eurocode 2 (2004), ACI 318 (2019), and fib Model Code (2020). The characteristic resis-

ting loads were compared: VRk,c (diagonal tension of concrete), VRk,max (diagonal compression of con-

crete), VRk,cs (diagonal tension with punching shear reinforcement), and VRk,out (diagonal tension outside 

the reinforcement) varying the fck parameter. 

The results show that NBR 6118 (2023) and Eurocode 2 (2004) provide the highest VRk,max values, 

while ACI 318 (2019) and fib Model Code (2020) adopt more conservative criteria. Thus, the choice 

of the standard directly impacts the safety and efficiency of the design. 

9 CONCLUSIONS  

During the research on the factors influencing punching shear resistance in flat slabs, we found that the 

ABNT NBR 6118 (2023) and EUROCODE 2 (2004) standards have similar mathematical formulations. 

However, the European standard sets limits for the flexural reinforcement ratio (≤ 0.02) and the size 

effect (≤ 2.0). 

The analysis of variations in effective depth, column dimensions, concrete strength (Fck), flexural rein-

forcement ratio, and punching shear reinforcement indicated a general increase in punching shear re-

sistance. In particular, changes in effective depth at the slab-column connection resulted in strength 

gains across all four analyzed standards, with emphasis on ABNT NBR 6118 (2023). 

Based on these results, we concluded that the most effective strategy to enhance punching shear resis-

tance is the use of specific reinforcements, with the cross arrangement being an efficient and viable 

alternative. Additionally, the variation in effective depth had the greatest impact on the results. Finally, 

the graph analysis showed that the ACI 318 (2019) and fib MODEL CODE (2020) standards provided 

the most conservative results. 

As a suggestion for future studies, it is recommended to analyze punching shear resistance in slabs with 

corner, edge, and re-entrant columns, as well as to expand the study by evaluating new sets of experi-

mental and numerical data. 

 



International fib Symposium on Conceptual Design of Structures 

8 Structural analysis and design (Title of your topic) 

 

References 

 

[1]        RABELLO, F.T. Study of flat reinforced concrete slabs with an integrated view of bending 

and punching. Ph.D. Thesis – Federal University of Santa Catarina, Technology Center, Mul-

tidisciplinary Postgraduate Program in Health, Florianópolis, 2016. 

 

[2]        SILVA, R., CAMPOS FILHO, A., REAL, M. Confiabilidade da ligação laje-pilar interno sob    

punção de acordo com a NBR 6118:2014. Revista IBRACON de Estruturas e Materiais, Vol. 

11, No. 5, p. 931-948, 2018. 

 

[3]        MOE, J. Shearing strength of reinforced concrete slabs and footings under concentrated lo-

ads. Bulletin D47. Portland Cement Association, 1961. 

 

[4]        ASSOCIAÇÃO BRASILEIRA DE NORMAS TÉCNICAS. NBR 6118: Design of Concrete 

Structures. Rio de Janeiro, 2023. 

 

[5]        EUROPEAN STANDARD EUROCODE 2: Design of Concrete Structures – Part 1-1: Gene-

ral Rules and Rules for Buildings. European Committee for Standardization. Ref. No. EN 

1992-1-1:2004+A1:2014(E). Brussels, Belgium, 2014. 

 

[6]        REGAN, P.E. Behavior of reinforced concrete flat slabs. Construction Industry Research and 

Information Association, 1981.. 

 

[7]        GRAF, O. Experiments on the load-bearing capacity of thick reinforced concrete slabs under 

concentrated loads. Deutscher Ausschuss für Eisenbeton, Heft 88, Berlin, 1938, 22 p. 

 

[8]       RICHART, F.E. Reinforced concrete wall and column footings. ACI Journal Proceedings, v. 

45, no. 10, Oct. 1948, pp. 97-127. 

 

[9]        FERREIRA, M.P. Punching in reinforced concrete flat slabs with shear reinforcement and 

unbalanced moments (2010). Ph.D. Thesis in Structures and Civil Construction, Published in 

E.TD-007 A/10, Department of Civil and Environmental Engineering, University of Brasília, 

Brasília-DF, 275 p. 

 

[10]      AMERICAN CONCRETE INSTITUTE. ACI 318 – Building Code Requirements for Structu-

ral Concrete (ACI 318M-19) and Commentary (ACI 318RM-19). Farmington Hills, USA, 

2019. 

 

[11]      FÉDÉRATION INTERNATIONALE DU BÉTON. fib Model Code for Concrete Structures 

2020. Lausanne: fib, 2020. 

 

[12]      SANTOS, E.V. Punching in flat slabs: Calculation methods, code provisions, and application 

examples. Master’s Thesis in Structures and Civil Construction, University of Brasília, Brasí-

lia-DF, 267 p. 

[13]      MUTTONI, A. Punching Shear Strength of Reinforced Concrete Slabs Without Transverse-

Reinforcement. ACI Structural Journal, V. 105, No 4, Julho-Agosto, 2008, pp 440- 

 

 


