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Abstract. In order to solve punching shear strength problem of reinforced concrete slab-column 
connections, an improved punching shear capacity formula is presented. First, punching shear 
capacity of reinforced concrete slab-column connections is analyzed. Then, a comparison of 
punching shear capacity calculation methods is studied based on the codes: GB50010-2010, 
ACI318-08 and EN1992-1-1-2004. The effect of longitudinal reinforcement ratio is analyzed by 
using ANSYS finite element software. Finally, an improved punching shear capacity formula is 
proposed. The results indicate that because of the consideration of longitudinal reinforcement ratio, 
the calculation capacity of the improved punching shear capacity formula is more reasonable. 

Introduction 
The flat slab structure is also called as slab-column structure, which has good economic advantage of 
effectively reduced storey and can take full use of the housing space. However, a flat plate is 
susceptible to punching shear failure at its slab–column connection. This punching shear failure 
significantly degrades the overall resistance of the structure against gravity load, and thus the 
structure may collapse. For this reason, many studies have been performed to evaluate the punching 
shear strength of slab-column connections. Theodorakopoulos et al [1] presented a simple analytical 
model to predict the ultimate punching shear strength of slab–column connections. The model is 
based on the physical behavior of the connections under load, and is therefore applicable to both 
lightweight and normal weight concrete. Choi et al [2] performed a theoretical study to investigate the 
punching shear strength of interior slab-column connections made of steel fiber reinforced concrete. 
Park et al [3] developed a strength model to predict the direct punching shear strength of interior 
slab-column connections without shear reinforcement. At slab-column connections damaged by 
flexural cracking, it was assumed that the punching shear force was resisted mainly by the 
compression zone of the critical section. Abdullah et al [4] investigated the effectiveness of bonding 
non-prestressed and prestressed carbon fiber reinforced polymer plates to the tension surface of 
concrete column-slab connections in both the serviceability and ultimate limit state. However, the 
punching shear capacity calculation methods of several national building codes are different, the 
punching failure mechanism is still not clear yet. Especially the effect of longitudinal reinforcement 
ratio isn’t considered in our codes GB50010-2010. Therefore, the punching shear calculation method 
of reinforced concrete slab-column connections is studied in this paper. 

Punching shear capacity 
Punching shear performance of slab around the joint area of reinforced concrete slab-column 
structure is very important. Here, we just consider the punching shear capacity of reinforced concrete 
slab without stirrup or bent-up reinforcement. Different punching shear capacity calculation methods 
are proposed by these codes[5]: GB50010-2010 (China), ACI318-08 (USA) and EN1992-1-1-2004 
(Europe). For these codes, the punching shear capacity formula can be simply written as 

0 0c mV C hηµ=                                                                                                                             (1) 
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in which, 0C  is punching shear coefficient; ( )1 2minη= η ,η ; mµ  is critical section perimeter; 0h  is 
sectional effective height. For different codes, the punching shear coefficient 0C  and influence 
coefficient η  are listed in Table 1. 

Table 1. Calculating parameters of punching shear capacity without abdominal reinforcement 
Codes C0 η1 η2 

GB50010-2010 0.7 h tfβ  1.20.4
sβ

+  00.5
4

s

m

hα
µ

+  

ACI318-08 '0.333 cfλφ  
10.5 ( 2)s

s

β
β

+ ≥  
0

0.5
4

sd
b

α
+  

EN1992-1-1-2004 1/3
, 1 min(100 ) 0.1Rd c ck cpC k f vρ σ≥ +  —— —— 

in which, ft is concrete tensile strength, f′c is concrete compressive strength, fck is standard value of 
concrete compressive strength, βh is influence coefficient of sectional height, βs is long side to short 
side ratio, αs is influence coefficient of column type. 

In general, the punching shear capacity is related to many influencing factors such as concrete 
strength, shape of loading area, longitudinal reinforcement ratio, anti-punch reinforcement placing 
etc. For different codes, the main influencing factors are listed in Table 2. 

Table 2. Main factors in different national codes 
influencing factors GB50010-2010 ACI318-08 EN1992-1-1-2004 
concrete strength tf  '

cf  ckf  
shape of loading area Yes Yes No 
perimeter-height ratio Yes Yes No 

longitudinal reinforcement ratio No No Yes 
punching shear cone angle and critical 

width 45° or 0

2
h  45° or

 2
d  14° or 2d  

From Table 2, it can be seen that the effect of longitudinal reinforcement ratio hasn’t been 
considered in the code GB50010-2010 and code ACI318-08. The code EN1992-1-1-2004 considers 
the effect of longitudinal reinforcement ratio but doesn’t consider the shape of loading area and 
perimeter-height ratio. Therefore, it is necessary to improve the punching shear capacity formula. 

Calculation analysis 
A reinforced concrete slab-column connection structure is considered in this paper. In the connection 
structure, slab depth h=200mm, column size 350mm 350mma b× = × , concrete strength is C30, two-way 
longitudinal reinforcement configuration is Φ12@100, reinforcement area per metre is 21131mmsA = , 
steel reinforcement strength standard value is 335MPa.  
    ANSYS finite element software is applied to calculate the punching shear capacity of reinforced 
concrete slab-column connection. The results of numerical calculations are shown in Figure 1 with 
the longitudinal reinforcement ratio plotted against the capacity value. From Figure 1, it can be 
observed that the longitudinal reinforcement ratio doesn’t have an effect on punching shear capacity 
for the codes GB50010-2010 and ACI318-08. In addition, it has a linear change for the code 
EN1992-1-1-2004. The punching shear capacity value of the code GB50010-2010 is lowest in the 
three codes. Therefore, the code GB50010-2010 is more conservative than the code ACI318-08 and 
code EN1992-1-1-2004. Thus, it is necessary to consider the effect of longitudinal reinforcement 
ratio. 
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Improved punching shear capacity equation 
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Fig. 1. Influence curve of longitudinal reinforcement ratio 
In our code GB50010-2010, the effect of longitudinal reinforcement ratio isn’t considered. Thus, the 
calculation value is too conservative. Through the comparison of punching shear capacity formulas of 
the three codes: GB50010-2010, ACI318-08 and EN1992-1-1-2004, it can be seen that the punching 
shear capacity should include four main parts: correction coefficient, influence coefficient, concrete 
strength, and critical section area. Thus, 

0c mV f hγη µ=                                                                                                                                                    (2) 

In order to solve the problem that the punching shear capacity and the longitudinal reinforcement 
ratio are uncorrelated in our code GB50010-2010, the punching shear capacity equation should be 
improved. In the code EN1992-1-1-2004, the punching shear capacity is proportional to 1 3ρ . 
Therefore, we can use the fitting equation form by ax= , in which, x is reinforcement ratio, y is 
punching shear capacity. The fitting results are shown in Figure 2 and Figure 3. 
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Fig. 2. Fitting curve of the equation 

The fitting value of b is 0.445, the correlation coefficient is 0.659. It can be seen that the fitting 
correlation coefficient is close to that of the code EN1992-1-1:2004. Thus, the influence coefficient 
of longitudinal reinforcement ratio can be given by 

0.445(100 )Lξ ρ=                                                                                                            (3) 
    In order to avoid the calculation result of ξ is less than that of the old codes, it is required that 1ξ ≥
. Thus, the improved punching shear capacity can be written as 

00.7c h t mV f hβ ξ ηµ=                                                                                                     (4) 
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Fig. 3. Residual distribution 

Conclusions 
In this paper, a comparison study of punching shear capacity based on GB50010-2010, ACI318-08 
and EN1992-1-1-2004, is performed and an improved punching shear capacity formula is presented. 
By taking into account the analysis results of the reinforced concrete slab-column connections, the 
following conclusions can be drawn: (1) The codes GB50010-2010 and ACI318-08 don’t consider 
the effect of longitudinal reinforcement ratio for punching shear capacity. (2) The code 
EN1992-1-1-2004 considers the effect of longitudinal reinforcement ratio but doesn’t consider the 
effect of loading area shape and perimeter-height ratio. (3) The improved punching shear capacity 
formula considers not only the effect of longitudinal reinforcement ratio but also the effect of loading 
area shape. Therefore, the improved punching shear capacity formula is closer to the fact of 
reinforced concrete slab-column connections. 
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