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Abstract: The scope of the paper is to propose a method for determining the size of shear caps in
a slab–column-connections-reinforced concrete structure. Usually, shear heads are used to enhance
slab–column connection, especially when the transverse reinforcement does not give the required
punching shear load capacity. The dimensions of the shear head should provide the punching shear
resistance of the connection inside and outside the enhanced region. The process of selecting the size
of the shear head is iterative. The parametric analysis of the ACI 318 code and EC2 standard has
the objective of indicating which control perimeter (inside or outside the shear head) has a decisive
impact on the punching shear capacity of the connection. Based on the analysis, the authors propose
methods for selecting the dimensions of the shear head with practical application examples. The paper
is intended to provide scientists, civil engineers, and designers with guidelines to design the process
of the slab–column connections with the shear caps.
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1. Introduction

Flat reinforced concrete (RC) slab structures are used worldwide due to their many advantages
over other types of structural solutions. The flat RC slabs give the possibility of free arrangement and
use of the building area, and they are relatively simple and quick to build. One of the key issues in
the design of slab–column structures is the support zone, which often requires enhancement, due to
the accumulation of shear forces near the point support. The basic way to increase the shear capacity is
to use punching shear reinforcement or boost slab thickness over the column (shear cap), like guidelines
in the ACI 318 code [1] or in the EC2 standard [2]. The shear caps (popularly called shear heads) are
commonly used, especially when the transverse reinforcement does not give the required load capacity.
The second advantage of using the shear heads is the increased stiffness of the slab, which positively
influences slab deformations. The design process of reinforced slab–column connections with shear
head require verification of punching shear resistance conditions in the head zone and the slab zone
outside the shear head; see Figure 1a. If the shear heads are used only to improve the punching
capacity, the first condition determines the thickness of the shear head, while the second specified
dimension of the shear-head. Designing the wrong thickness and/or size of the shear head may lead to
failure of a slab-column connection and, in consequence, to reinforced concrete structure catastrophe.

Slab–column connections are a subject of much experimental research and theoretical
investigation. Researchers have demonstrated the influence of many parameters on punching
shear resistance, e.g., type and strength of concrete (see, e.g., [3–6]), support shape and dimension
(see, e.g., [7–10]), quantity and distribution of longitudinal and transverse reinforcement (see,
e.g., [11–14]), loading condition (see, e.g., [9,15,16]), membrane effect (see, e.g., [17–19]), scale effect
(see, e.g., [11,20,21]), effect of the hole near to support (see, e.g., [22–24]), cyclic load (see, e.g., [25–27]).
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Investigations of these parameters have made it possible to develop methods and models to determine
punching shear resistance. The physical model, which was well compatible with experimental results
and explained the mechanism of failure due to punching shear, has been proposed by Kinnunen and
Nylander [28]. Based on similar assumptions, the Critical Shear Crack Theory (CSCT) model was
presented by Muttoni; see, e.g., [29–31]. Despite the developed physical methods, due to the complex
nature of the issue and the multitude of factors influencing the load-bearing capacity of the connection
between the plate and the column, most of the calculation methods were developed empirically.
Taking into account the fact that the vast majority of the research concerns flat plates without the shear
caps, it seems advisable to analyze the empirical methods in terms of punching through in a situation
of shear cap enhancement.
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Figure 1. Slab–column connection with shear head: (a) potential failure region; (b) denotations:
thickness of shear head (hsh), thickness of slab (hs), total thickness (htot), column span (c),
shear head span (csh).

It should be mentioned that the punching shear failure outside the shear head often deals
with a large width csh � 3d. Compared to round support columns, the large square or
rectangular columns generate a non-uniform distribution of the shear forces in the control perimeter.
Additionally, the increase of the column dimension (regardless of the stress concentration in the corners)
causes the nominal permissible tangential stress to decrease; see, e.g., [32,33]. These phenomena
may cause the punching resistance not to be proportional to the length of the control perimeter.
These effects have been taken into account in different ways over the years in the guidelines and
standards. The current European standard does not take this fact into account, which has raised some
concerns among researchers [9,33]. Some European countries have added restrictions on the punching
for large supports in national annexes. This paper does not analyze this effect; it is adopted the basic
EC2 standard provisions.

This research presents a unique parametric analysis of two calculation models of punching
shear adopted in ACI-318 code [1] and EC2 standard [2]. The analysis is focused on determining
the decisive control perimeter in slab–column connection with shear head on the punching shear
resistance. This paper aims to propose the method for selecting the size of shear heads, which is
based on the presented parametric analysis. Taking into account the fact that the process of selecting
the size of shear head is iterative, this method can be useful in the design process of the slab–column
connections with the shear caps. The practical application of the proposed method is confirmed by
application examples (see Appendices A and B) estimating the minimum shear head dimension to
obtain the required slab–column punching shear resistance. The influence of particular parameters
on the selection of shear-head dimensions is also presented. The paper provides scientists, engineers,
and designers with an analytical assessment of punching shear resistance of shear-head dimensions.

2. Analysis Method

The ratio of the head height (hsh) to the slab height (hs) and the ratio of head dimension (csh) to
column dimension (c, see Figure 1b, column span (c)) are assumed as main parameters and defined
as follows:

α1 =
hsh
hs

, α2 =
csh
c (1)



Materials 2020, 13, 4938 3 of 24

At this point, a requirement should be specified for which values of the main parameters the decisive
condition for the punching shear resistance of slab–column connection becomes the criterion inside
the shear heads. The condition that determines the above requirement is that the rate of intensity
(defined as the ratio of punching force (VE,sh, VE,s) to punching resistance (VR,sh, VR,s)) in the control
perimeter inside the shear head is greater than the rate of intensity in the control perimeter outside
the head:

VE,sh

VR,sh
/

VE,s

VR,s
= ωsh/ωs ≥ 1.0 (2)

The parameters ωsh and ωs define the punching shear rate of intensity in the control perimeter
inside the head and outside the head, respectively.

The value of parameters ωi (index ‘i’ means the control perimeter under consideration) may be
determined for EC2 standard [2], as follows:

ωi =
βi ·VE,i(

0.18 · ki ·
(
100 · ρl,i · fck

) 1
3

)
· ui · di

(3)

where β is coefficient and represents the effect of an unbalanced moment, ρl is the reinforcement ratio
for longitudinal reinforcement, fck is characteristic compressive cylinder strength of concrete at 28 days
in MPa, coefficient k = 1 +

√
200/d ≤ 2, u is the length of the control perimeter, d is the effective

slab height.
The value of parameters ωi for ACI-318 code [1] can be specified as:

ωi =
γi ·VE,i

vc · b0 · di
(4)

where γ represents the influence of the unbalanced bending moment acting on the joint, vc is the nominal
shear strength, and b0 is the length of the control perimeter.

The value of β (and γ) is greater the smaller the distance from the column face to the control
perimeter under consideration. Therefore, the ratio βsh/βs (and γsh/γs) will always be greater
than 1, and the basic analysis condition (Equation (2)) be satisfied, regardless of the β (or γ) value.
Thus, in the present analysis, the value of β (and γ) is equal to 1.

Assuming a symmetrical slab–column connection (square head and column, see Figure 2) under
uniformly distributed loads, the punching force acting on the control perimeter under consideration
can be calculated from the equations:

VE,sh = VE − ∆Vsh = q ·AV − q ·AV,sh
VE,s = VE − ∆Vs = q ·AV − q ·AV,s

(5)

where AV = l1 · l2 [m2] is an area of uniformly distributed load, q [kPa] is the magnitude of the loads.
The area AV,s is assumed to be equal to the size of the shear head increased by ds, and area AV,sh is
assumed to be equal to the size of the column increased by dsh. The concrete class and longitudinal
reinforcement cross-section (Asl) and cover of the longitudinal reinforcement (cnom) are assumed to
be identical in the slab and the shear head. In the calculations, the membrane forces in the floor slab
are not taken into account. No shear reinforcement is assumed. Based on the described assumptions,
the independent variables taken into account in the parametric analysis are determined. Figures 3
and 4 show diagrams of the dependence of parameters of the analyzed methods. The value of the α1

parameter depends on the assumptions of the analyzed national standard and calculation case under
consideration. The national standards provide methods for determining the total height of shear cap
(htot = hs + hsh). Depending on the calculation case, the total height of the head is selected to fulfil
capacity conditions. Based on the shear head height and slab thickness parameter α1 is calculated.
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The α2 parameter is responsible for specifying the size of shear head, and is determined based on
the proposed method for selecting the size of shear caps based on the parametric analysis.
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3. Results

The analysis is based on deriving the relationships between ωsh/ωs and the parameter α2

for different values of α1. Each of the relationships for a particular set of independent variables
was obtained by calculating the values of ωsh/ωs (Formulas (3) or (4)) for the assumed parameter
α1 by changing parameter α2 every 0.25, starting from 1 to 10. These relationships are obtained
for different values of independent variables. For each independent variable, three values are
considered: lower value, basic value, upper value (see Table 5). The values are selected according
to the guidelines used in practice. In the first step of the analysis, we calculated the dependencies by
examining each of the independent variables separately. Considering a particular variable, the value
of this one independent variable changed, while the other variables remained constant (as basic values).
The results of the calculations are presented in Figure 5a–e for EC2 standard and in Figure 5f–i for
ACI 318 code. The lower value of the analyzed variable is shown in red, the basic value in black,
and the upper value in blue.

Table 1. Values of the considered independent variables.

Variable Lower Value Basic Value Upper Value

ρl,s (Asl) 0.25% 0.75% 1.25%
l1, l2 28 hs 33 hs 36 hs

hs 0.18 m 0.25 m 0.35 m
c1, c2 1.5 hs 2.0 hs 3.0 hs
cnom 0.05 hs 0.10 hs 0.15 hs
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Figure 5. Independent variables impact on the results of the analysis: (a) and (f) column dimension;
(b) and (g) slab height; (c) and (h) slab span; (d) and (i) reinforcement cover; (e) slab reinforcement ratio.

In the case of EC2 standard [2], it can be shown that in the rangeωsh/ωs < 1, the reinforcement ratio
for longitudinal reinforcement and the concrete cover does not affect the results obtained. The minimal
influence is visible for the slenderness of the slab and the slab height. The greatest variability is
characterized by column size (see Figure 5a,f), because the size of the support directly affects the
parameter α2. In the case of ACI318 code [1], the most changeable is the graph with the column size
parameter under consideration. The minimum variation in results is visible for the slab slenderness
parameter and the upper reinforcement cover.

In the next step of the analysis, we made additional calculations by combining the parameters
that show the variability of results. For the EC2 standard [2], the combinations are created from the
parameters l (l1, l2), hs, c (c1, c2), whereas for ACI, they are l (l1, l2), cnom, c (c1, c2). This resulted in 27
combinations of the independent variables for each method (three independent variables with three
values each). In Figures 6–10, the comparisons for different values of the parameter α1 are given. We
noted that the calculated curves are grouped into three categories, depending on the column size
parameter. In the figures, these groups were marked by colors (red for the parameter c1 = c2 = 1.5 hs,
black for c1 = c2 = 2.0 hs, blue for c1 = c2 = 3.0 hs). Based on these data, it can be shown for which
values of the main parameters Equation (2) is satisfied. The maximum value of the parameter α2,
for which the control section strength inside the shear head is equal to the control section strength
outside the head, is determined by

(
ωsh
ωs

(α2) = 1
)
. The values are presented in the form of points on

the Figures 6–10, and are collected in Tables 2 and 3. These points mean that, for assumed values of
the parameter α1 and column size c1 = c2, a minimum parameter α2 should be used to satisfy the
condition defined in Equation (2).
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Table 2. Minimum values of the parameter α2, which satisfies the condition (2)—EC2.

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs

0.25 2.13 1.89 1.64
0.5 3.15 2.67 2.18
1 5.19 4.22 3.23

1.5 7.20 5.75 4.22
2 9.00 7.12 5.12

Table 3. Minimum values of the parameter α2, which satisfies the condition (2)—ACI318.

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs

0.25 1.70 1.63 1.89
0.5 2.85 2.85 2.85
1 6.05 5.39 4.58

1.5 9.20 7.60 6.00
2 - - 7.10

Materials 2020, 13, x FOR PEER REVIEW 10 of 24 

 

Table 2. Minimum values of the parameter 𝛼2, which satisfies the condition (2)—EC2. 

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs 

0.25 2.13 1.89 1.64 

0.5 3.15 2.67 2.18 

1 5.19 4.22 3.23 

1.5 7.20 5.75 4.22 

2 9.00 7.12 5.12 

Table 3. Minimum values of the parameter 𝛼2, which satisfies the condition (2)—ACI318. 

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs 

0.25 1.70 1.63 1.89 

0.5 2.85 2.85 2.85 

1 6.05 5.39 4.58 

1.5 9.20 7.60 6.00 

2 - - 7.10 

 

Figure 11. Summary of the analysis results—EC2. 

 

Figure 12. Summary of the analysis results—ACI 318. 

4. Discussion 

It can be stated that the higher the shear cap (higher parameter 𝛼1), the greater influence that 

independent variables of particular methods have on this analysis, and the greater the difference in 

the results that occur. In the case of the ACI318 code [1] for parameters 𝛼1 = 0.25 and 𝛼1 = 0.5 

within 𝜔𝑠ℎ/𝜔𝑠  = 1 , relatively convergent results can be observed. The values of independent 

Figure 11. Summary of the analysis results—EC2.

The approximation functions for the performed EC2 standard analysis (see Figure 11) can be
determined, as:

α2 = 3.95 · α1 + 1.18, for c1 = c2 = 1.5 hs (6)
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α2 = 3.0 · α1 + 1.18, for c1 = c2 = 2.0 hs (7)

α2 = 2.0 · α1 + 1.18, for c1 = c2 = 3.0 hs (8)

The function α2 (c,α1), which approximates all the results, the relationship of the linear function
directional coefficient depending on the value of c/hs (where c = c1 = c2) should be determined.
Such a function is proposed as a parabolic relationship (this assumption allows to avoid additional
conditions for particular ranges in the case when the lower order of approximation function would be
used, e.g., the piecewise linear approximation function) and takes the form

a
( c

hs

)
= 0.58 ·

( c
hs

)2
− 3.93 ·

( c
hs

)
+ 8.53 (9)

Finally, the functions α2 (c, hs,α1), which approximate obtained results of parametric analysis,
are derived for the EC2 standard as

α2 =

(
0.58 ·

( c
hs

)2
− 3.93 ·

( c
hs

)
+ 8.53

)
· α1 + 1.18 (10)

Following, by performing operations like above for the ACI318 code results of the analysis
(see Figure 12) and take into account that the value of parameter α2 for α1 = 0.5 is 2.85 (see Table 3,
ACI318), the approximating function for ACI318 code is derived as:

α2 =

(
0.51 ·

( c
hs

)2
− 4.34 ·

( c
hs

)
+ 11.46

)
· (α1 − 0.5) + 2.85 (11)

Materials 2020, 13, x FOR PEER REVIEW 10 of 24 

 

Table 2. Minimum values of the parameter 𝛼2, which satisfies the condition (2)—EC2. 

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs 

0.25 2.13 1.89 1.64 

0.5 3.15 2.67 2.18 

1 5.19 4.22 3.23 

1.5 7.20 5.75 4.22 

2 9.00 7.12 5.12 

Table 3. Minimum values of the parameter 𝛼2, which satisfies the condition (2)—ACI318. 

α1 c1 = c2 = 1.5 hs c1 = c2 = 2.0 hs c1 = c2 = 3.0 hs 

0.25 1.70 1.63 1.89 

0.5 2.85 2.85 2.85 

1 6.05 5.39 4.58 

1.5 9.20 7.60 6.00 

2 - - 7.10 

 

Figure 11. Summary of the analysis results—EC2. 

 

Figure 12. Summary of the analysis results—ACI 318. 

4. Discussion 

It can be stated that the higher the shear cap (higher parameter 𝛼1), the greater influence that 

independent variables of particular methods have on this analysis, and the greater the difference in 

the results that occur. In the case of the ACI318 code [1] for parameters 𝛼1 = 0.25 and 𝛼1 = 0.5 

within 𝜔𝑠ℎ/𝜔𝑠  = 1 , relatively convergent results can be observed. The values of independent 

Figure 12. Summary of the analysis results—ACI 318.

4. Discussion

It can be stated that the higher the shear cap (higher parameter α1), the greater influence that
independent variables of particular methods have on this analysis, and the greater the difference in
the results that occur. In the case of the ACI318 code [1] for parameters α1 = 0.25 and α1 = 0.5 within
ωsh/ωs = 1, relatively convergent results can be observed. The values of independent variables
have a relatively low impact on the obtained results. Three groups of functions can be identified,
depending on the analyzed support dimension only for parameters α1 higher than 0.5. For the EC2
standard [2], from the initial values of the parameter α1 the function groups related to the assumed
column dimension are clearly separated. For high thicknesses of shear heads (α1 = 1.5 and α1 = 2),
the values α2 at which the curves reach ωsh/ωs = 1 are very large, especially for the ACI318 code;
see Figure 12. For example, for the parameter α1 = 1.5 with the column dimension equal to 3.0 hs (blue
color curves, see Figure 12), the value ωsh/ωs = 1 is reached at α2 = ∼ 6.0 (for the EC2 standard,



Materials 2020, 13, 4938 11 of 24

it would be α2 = ∼ 4.2). In this case, in order for the load capacity of the control perimeter outside
the head to exceed the load capacity of the perimeter inside the shear head, the thickness should be
assumed to be about ∼ 6.0 · 3 hs = 18 hs. Considering the typical slenderness of the slab (l1 = 33 hs),
the thicker part would occupy more than half of the floor area. Such design situations are not common
in practice (except for heads used due to ceiling deflection—drop panels). Therefore, it can be assumed
that, for heads with the parameter α1 ≥ 1.5, the dimension (width) of the shear head should be selected
by checking the resistance condition in the cross-section outside the head iteratively. For very small
thicknesses (α1 < 0.25), the approximation functions do not give the desired results, because in values
α1 = 0, they should converge to α2 = 1. However, this is irrelevant, given the fact that such low heads
do not exist in practice. It should be assumed that the approximation functions give correct and useful
results for the values of 0.25 < α1 < 1.5.

The authors propose the shear caps size dimensions selection method based on the parametric
analysis. In the EC2 standard [2] case, the algorithm for the proposed method can be specified
as follows:

• Determine the required total thickness of shear head (htot) from the design data (geometry, loads,
material, etc.). During the above calculations, the condition set in the assumptions must be
verified: vRd,c ≥ vmin.

• Calculate parameter α1 and cs/hs.
• Compute the parameter α2 (see Equation (10)) and the shear head dimensions, as: csh,1 = α2 · cs,1

and csh,2 = α2 · cs,2.

It should be noted that the proposed method can be applied to rectangular columns. In this
case, cs = min( cs,1 ; cs,2 ) should be used in the parameter cs/hs, and the head dimension should be
determined as in the given algorithm (rectangular shear head with the same proportion of sides as
the column dimensions is specified). The assumption of parameter cs = min( cs,1 ; cs,2 ) causes results
on the safe range.

On the other hand, for the ACI318 code [1], the algorithm can be described as:

• Determine the required total thickness of shear head (htot) from the design data (geometry, loads,
material, etc.).

• Compute the parameters α1 and cs/hs.
• Specify the parameter α2 (see Equation (11)) and the shear head dimensions: csh,1 = α2 · cs,1 and

csh,2 = α2 · cs,2.

In the case of rectangular support, the value cs should be determined according to the following
conditions: while 0.25 ≤ α1 < 0.5, the cs = max( cs,1 ; cs,2 ), and for α1 ≥ 0.5→ cs = min( cs,1 ; cs,2 ) .

Appendices A and B present the verification examples (see Figures A1–A8) for the shear
heads selecting size, according to the proposed method. The notations used in Figures A1–A4 and
Figures A5–A8 are collected and described in Tables A1 and A2, respectively. The slab–column structure
(see Figure 2) under uniformly distributed loads is taken under consideration in the calculations.
The different slab spans, design values of total distributed load, slab thickness, and column dimension
are taken into account in the calculations. In the dimensioning examples, the geometric data of
slab–column structure and the loadings data are firstly accepted. Next, the punching shear resistance
of reinforced concrete slab is determined. The thickness of the slab is insufficient for carrying shear
loadings, and the shear head height is specified. Next, the shear load capacity in the control perimeter
inside the head is calculated. The shear head width according to proposed equations is defined.
Finally, the shear load capacity in the control perimeter outside the shear head is verified.

To fulfil standards requirements, the proper shear head thickness and dimensions are specified.
Table 4 summarizes the accepted design shear head dimensions for each verification example
(see Figures A1–A8). It should be pointed out that the punching shear resistance without transverse
reinforcement is higher, according to the ACI318 code [1], like in the EC2 standard [2] (see, e.g., [34]).
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Using the guidelines of the ACI318 code, a significantly smaller thickness of the shear head is
determined; see Table 4.

Table 4. The shear heads dimensions determined in verification examples.

No.
hs

[cm]
cs,1

[cm]
cs,2

[cm]
VEd
[kN]

MEd,1
[kNm]

MEd,2
[kNm]

EC2 ACI318

hsh
[cm]

csh,1
[cm]

csh,2
[cm]

hsh
[cm]

csh,1
[cm]

csh,2
[cm]

1 24 50 50 1185 34 54 45 185 185 35 135 134
2 33 40 40 2448 500 230 75 285 285 65 245 245
3 18 55 55 724 5 70 30 140 140 26 150 150
4 30 50 35 1188 260 21 45 180 125 38 80 55

5. Conclusions

The parametric analysis according to design guidelines given in the EC2 standard [2] and
the ACI318 code [1] is carried out. The authors determined the decisive control perimeter (inside or
outside the shear head) in slab–column connection with shear head on the punching shear resistance.
The specified function (see Equations (10) and (11)) allows for specifying the necessary dimension of
the shear head in the slab–column connection. The method for selecting the shear head dimension
is proposed. The verification examples (see Appendices A and B) show the practical application
of the proposed methods of estimating the minimum shear head dimension to obtain the required
slab–column punching shear resistance. The method is designed to give safe results under all boundary
conditions. The described method gives a good result, provided that the shear head height is correctly
determined. On the other hand, it should be remembered that the analysis strictly covers the standard
regulations, without undermining their credibility to be used for large dimensional supports. As noted
in the first paragraphs of the paper, the considered standard methods may not give satisfactory results
for large load fields.

The research program completed by the authors for selecting the shear head dimension allows for
a proper reorganization of the punching shear capacity in slab–column connections. The authors hope
that the described analytical method sparks a vital interest in the community of civil engineers
and scientists to take into consideration the subject of the punching shear resistance of shear
heads in building structures. The obtained results encourage the authors to continue the outlined
research, also incorporating the extended theoretical and experimental investigations. The paper is
intended to provide scientists, civil engineers, and designers with guidelines for the design process of
the slab–column connections with the shear caps.

Author Contributions: Conceptualization, M.G. and A.A.; methodology, M.G. and A.A.; software, M.G.;
validation, M.G.; formal analysis, M.G.; investigation, M.G.; data curation, M.G. and A.A.; writing—original draft
preparation, M.G. and A.A.; writing—review and editing, A.A.; visualization, M.G. and A.A.; supervision, A.A.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
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Appendix A. EC2 Verification Examples

The four verification examples are shown in Figures A1–A4. The notations used in Figures A1–A4
are collected and described in Table A1.
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Table A1. Notations used in Appendix A.

Notations

α1 relative height of the shear head (main parameter of the method)
α2 relative range of the shear head (main parameter of the method)
hs slab height

htot total shear head height
hsh height of the bold (from the underside of the shear head to underside of the slab)

cnom,1, cnom,2 the reinforcement cover in 1 and 2 directions
ds,1, ds,2 effective depth of slab in 1 and 2 directions

ds, eff effective depth of slab
As,1, As,2 reinforcement area in 1 and 2 directions
ρl,s,1, ρl,s,2 slab reinforcement ratio in 1 and 2 directions

ρl,s effective slab reinforcement ratio
cs,1, cs,2 column dimension in 1 and 2 directions

csh,1, csh,2 shear head dimension in 1 and 2 directions
u0,s length of the control perimeter in the face of the support
u1,s the length of the primary control perimeter

k scale coefficient
fck characteristic compressive strength of concrete
γc material safety factor for concrete

vRd,c1
design shear strength of the unreinforced slab along the control perimeter

under consideration

vmin
minimum shear strength without reinforcement for puncture along the control perimeter

under consideration

vRd,max
design maximum shear strength without reinforcement for punching along the control

perimeter under consideration
vEd,0 design shear stress along the circumference at the face of the support under consideration
vEd,1 design shear stress along the primary control perimeter of the support under consideration
l1, l2 slab span in 1 and 2 directions
qEd design total load evenly distributed over the slab generating the punching force
Ved the punching force in the control perimeter under consideration

∆VEd
the part of the punching force generated from the load inside the field created by

the control perimeter located at a distance of ds.,eff from the face of the head
MEd,1, MEd,2 design unbalanced bending moment acting on the connection in 1 and 2 directions

e1, e2 eccentric of the punching force in the 1 and 2 directions
b1,1, b2,1 dimension of the primary control perimeter in the 1 and 2 directions
b1,0, b2,0 dimension of the control perimeter in the face of the support in 1 and 2 directions

β1, β0
coefficient increasing the tangential stress due to unbalanced moment acting on
the connection in the primary control perimeter and at the face of the support
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Geometric data: 

hs =  24 cm ;        

cnom,1= 3.5 ;  cnom,2= 4.7 cm     

ds,1 = 19.9 cm ;  ds,2 =  18.7 cm ; ds, eff = 19.3cm   

As,1 = 1.2 cm each 10 cm =  11.31 cm
2 ; ρl,s,x = 0.0057 ; ρl,s = 0.0059 

As,2 = 1.2 cm each 10 cm =  11.31 cm
2 ; ρl,s,y = 0.0060   

k = 2 

fck = 30 MPa ; γc = 1.5 

cs,1 = 50 cm ; cs,2 = 50 cm ; u1,s = 442.53 cm ; u0,s = 200 cm 

v Rd,c1 = 0.6241 MPa > v min = 0.5422 MPa (condition fulfilled) 

Load data: 
l1 = 7.5 m ; l2 =  7.9 m ; qEd =  20 kPa  

VEd =  1185 kN ; MEd,1= 
= 

 34 kNm ; MEd,2 =  54 kNm  

 
e1 = 

b1,1 = 

0.03 m 

127.2 cm 

; 

; 

e2 = 

b2,1 = 

 0.05 m 

127.2 cm 

;  
β1 = 

 
1.08 

 
(Equation 6.43 - EC2) 

b1,0 = 50.0 cm ; b2,0 =  50.0 cm ; β0 =  1.19 (Equation 6.43 - EC2) 

Load capacity without a shear head: 

v Rd,max = 4.22 MPa v Ed,0 = 3.67 MPa vEd,0/vRd,max = 0.87 

v Rd,c  = 0.62 MPa v Ed,1 = 1.49 MPa vEd,1/vRd,c = 2.39 

Head height selection: 

htot = 45 cm     hsh = 21 cm ( hsh = htot - hs ) 

v Rd,c1  = 0.4458 MPa  >  v min  = 0.4266 MPa  (condition fulfilled) 

Load capacity in the control perimeter inside the head: 

v Rd,max = 4.53 MPa v Ed,0 = 1.76 MPa vEd,0/vRd,max = 0.39 

v Rd,c  = 0.45 MPa v Ed,1 = 0.44 MPa vEd,1/vRd,c = 0.98 

Head width selection: 

α1 = 0.875 ( α1 = hsh/hs )      cs/hs = 2.08 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.58*(cs/hs)
2
-3.93*(cs/hs )+8.53)*α1 +1.18 = 3.68 

csh,1 = 185 cm ; csh,2 = 185 cm (csh,1 , csh,2 - are rounding up to 5cm) 

 ΔVEd = 99.354 kN        

 VEd = 1085.6 kN ;  MEd,1 = 34 kNm ; MEd,2 = 54 kNm  

 e1 = 0.03 m ;  e2 = 0.05 m     

 b1,1 = 262.2 cm ;  b2,1 = 262.2 cm ; β1 = 1.04 (Equation 6.43 - EC2) 

 b1,0 = 185.0 cm ;  b2,0 = 185.0 cm ; β0 = 1.06 (Equation 6.43 - EC2) 

Load capacity in the control perimeter outside the head: 

v Rd,max = 4.53 MPa v Ed,0 = 0.80 MPa vEd,0/vRd,max = 0.18 

v Rd,c  = 0.67 MPa v Ed,1 = 0.60 MPa vEd,1/vRd,c = 0.89 

Figure A1. Verification example no. 1—EC2. 

  

Figure A1. Verification example no. 1—EC2.
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Geometric data: 

hs =  33 cm 

 

;        

cnom,1 
= 

2.5 cm   cnom,2= 4.1 cm     

ds,1 = 29.7 cm ;  ds,2 =  28.1 cm ; ds, eff = 28.9 cm   

As,1 = 1.6 cm each 12 cm =  16.76 cm
2 ; ρl,s,x = 0.0056 ; ρl,s = 0.0058 

As,2 = 1.6 cm each 12 cm =  16.76 cm
2 ; ρl,s,y = 0.0060   

k = 1.832 

fck = 30 MPa ; γc = 1.4 

cs,1 = 40 cm ; cs,2 = 40 cm ; u1,s = 523.17 cm ; u0,s = 160 cm 

v Rd,c1 = 0.61 MPa > v min = 0.4753 MPa (condition fulfilled) 

Load data: 
l1 = 12 m ; l2 =  12 m ; qEd =  17 kPa  

VEd = 2448 kN ; MEd,1= 
= 

 500 kNm ; MEd,2 =  230 kNm  

e1 = 

b1,1 = 

0.20 m 

155.6 cm 

; 

; 

e2 = 

b2,1 = 

 0.09 m 

155.6 cm 

;  
β1 = 

 
1.26 

 
(Equation 6.43 - EC2) 

b1,0 = 40.0 cm ; b2,0 =  40.0 cm ; β0 =  2.01 (Equation 6.43 - EC2) 

Load capacity without a shear head: 

v Rd,max = 4.53 MPa v Ed,0 = 10.65 MPa vEd,0/vRd,max = 2.35 

v Rd,c  = 0.61 MPa v Ed,1 = 2.04 MPa vEd,1/vRd,c = 3.34 

Head height selection: 

htot = 75 cm     hsh = 42 cm ( hsh = htot - hs ) 

v Rd,c1  = 0.378 MPa  >  v min  = 0.3632 MPa  (condition fulfilled) 

Load capacity in the control perimeter inside the head: 

v Rd,max = 4.53 MPa v Ed,0 = 4.34 MPa vEd,0/vRd,max = 0.96 

v Rd,c  = 0.38 MPa v Ed,1 = 0.37 MPa vEd,1/vRd,c = 0.98 

Head width selection: 

α1 = 1.273 ( α1 = hsh/hs )      cs/hs = 1.21 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.58*(cs/hs)
2
-3.93*(cs/hs )+8.53)*α1 +1.18 = 7.06 

csh,1 = 285 cm ; csh,2 = 285 cm (csh,1 , csh,2 - are rounding up to 5cm) 

 ΔVEd = 198.6 kN        

 VEd = 2249 kN ;  MEd,1 = 500 kNm ; MEd,2 = 230 kNm  

 e1 = 0.22 m ;  e2 = 0.10 m     

 b1,1 = 400.6 cm ;  b2,1 = 400.6 cm ; β1 = 1.11 (Equation 6.43 - EC2) 

 b1,0 = 285.0 cm ;  b2,0 = 285.0 cm ; β0 = 1.15 (Equation 6.43 - EC2) 

Load capacity in the control perimeter outside the head: 

v Rd,max = 4.53 MPa v Ed,0 = 0.79 MPa vEd,0/vRd,max = 0.17 

v Rd,c  = 0.61 MPa v Ed,1 = 0.57 MPa vEd,1/vRd,c = 0.94 

Figure A2. Verification example no. 2—EC2. 

  

Figure A2. Verification example no. 2—EC2.
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Geometric data: 

hs =  18 cm 

 

;        

cnom,1 
= 

2 cm   cnom,2= 3.2 cm     

ds,1 = 15.4 cm ;  ds,2 =  14.2 cm ; ds, eff = 14.8 cm   

As,1 = 1.2 cm each 9 cm =  12.57 cm
2 ; ρl,s,x = 0.0082 ; ρl,s = 0.0085 

As,2 = 1.2 cm each 9 cm =  12.57 cm
2 ; ρl,s,y = 0.0088   

k = 2 

fck = 25 MPa ; γc = 1.4 

cs,1 = 55 cm ; cs,2 = 55 cm ; u1,s = 405.98 cm ; u0,s = 220 cm 

v Rd,c1 = 0.712 MPa > v min = 0.495 MPa (condition fulfilled) 

Load data: 
l1 = 7.2 m ; l2 =  6 m ; qEd =  16.75 kPa  

VEd = 723.6 kN ; MEd,1= 
= 

 5 kNm ; MEd,2 =  70 kNm  

e1 = 

b1,1 = 

0.01 m 

114.2 cm 

; 

; 

e2 = 

b2,1 = 

 0.10 m 

114.2 cm 

;  
β1 = 

 
1.15 

 
(Equation 6.43 - EC2) 

b1,0 = 55.0 cm ; b2,0 =  55.0 cm ; β0 =  1.32 (Equation 6.43 - EC2) 

Load capacity without a shear head: 

v Rd,max = 3.86 MPa v Ed,0 = 2.93 MPa vEd,0/vRd,max = 0.76 

v Rd,c  = 0.71 MPa v Ed,1 = 1.39 MPa vEd,1/vRd,c = 1.95 

Head height selection: 

htot = 30 cm     hsh = 12 cm ( hsh = htot - hs ) 

v Rd,c1  = 0.544 MPa  >  v min  = 0.4453 MPa  (condition fulfilled) 

Load capacity in the control perimeter inside the head: 

v Rd,max = 3.86 MPa v Ed,0 = 1.62 MPa vEd,0/vRd,max = 0.42 

v Rd,c  = 0.54 MPa v Ed,1 = 0.54 MPa vEd,1/vRd,c = 0.99 

Head width selection: 

α1 = 0.667 ( α1 = hsh/hs )      cs/hs = 3.06 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.58*(cs/hs)
2
-3.93*(cs/hs )+8.53)*α1 +1.18 = 2.47 

csh,1 = 140 cm ; csh,2 = 140 cm (csh,1 , csh,2 - are rounding up to 5cm) 

 ΔVEd = 47.87 kN        

 VEd = 675.7 kN ;  MEd,1 = 5 kNm ; MEd,2 = 70 kNm  

 e1 = 0.01 m ;  e2 = 0.10 m     

 b1,1 = 199.2 cm ;  b2,1 = 199.2 cm ; β1 = 1.09 (Equation 6.43 - EC2) 

 b1,0 = 140.0 cm ;  b2,0 = 140.0 cm ; β0 = 1.13 (Equation 6.43 - EC2) 

Load capacity in the control perimeter outside the head: 

v Rd,max = 3.86 MPa v Ed,0 = 0.92 MPa vEd,0/vRd,max = 0.24 

v Rd,c  = 0.71 MPa v Ed,1 = 0.67 MPa vEd,1/vRd,c = 0.94 

Figure A3. Verification example no. 3—EC2. 

  

Figure A3. Verification example no. 3—EC2.
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Geometric data: 

hs =  30 cm 

 

;        

cnom,1 
= 

2.5 cm   cnom,2 
= 

4.1 cm     

ds,1 = 26.7 cm ;  ds,2 =  25.1 cm ; ds, eff = 25.9 cm   

As,1 = 1.6 cm each 15 cm =  13.40 cm
2 ; ρl,s,x = 0.0050 ; ρl,s = 0.0052 

As,2 = 1.6 cm each 15 cm =  13.40 cm
2 ; ρl,s,y = 0.0053   

k = 1.879 

fck = 45 MPa ; γc = 1.4 

cs,1 = 50 cm ; cs,2 = 35 cm ; u1,s = 495.47 cm ; u0,s = 170 cm 

v Rd,c1 = 0.69 MPa > v min = 0.6046 MPa (condition fulfilled) 

Load data: 
l1 = 9 m ; l2 =  6 m  ; qEd =  22 kPa  

VEd = 1188kN ; MEd,1 
= 

 260 kNm  ; MEd,2 =  21 kNm  

e1 = 

b1,1 = 

0.22 m 

153.6 cm 

; 

; 

e2 = 

b2,1 = 

 0.02 m 

138.6 cm 

 ;  
β1 = 

 
1.28 

 
(Equation 6.43 - EC2) 

b1,0 = 50.0 cm ; b2,0 =  35.0 cm  ; β0 =  2.13 (Equation 6.43 - EC2) 

Load capacity without a shear head: 

v Rd,max = 6.33 MPa v Ed,0 = 5.74 MPa vEd,0/vRd,max = 0.91 

v Rd,c  = 0.69 MPa v Ed,1 = 1.19 MPa vEd,1/vRd,c = 1.72 

Head height selection: 

htot = 45 cm     hsh = 15 cm ( hsh = htot - hs ) 

v Rd,c1  = 0.536 MPa  >  v min  = 0.5201 MPa  (condition fulfilled) 

Load capacity in the control perimeter inside the head: 

v Rd,max = 6.33 MPa v Ed,0 = 3.63 MPa vEd,0/vRd,max = 0.57 

v Rd,c  = 0.54 MPa v Ed,1 = 0.51 MPa vEd,1/vRd,c = 0.95 

Head width selection: 

α1 = 0.50 ( α1 = hsh/hs )      cs/hs = 1.17 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.58*(cs/hs)
2
-3.93*(cs/hs )+8.53)*α1 +1.18 = 3.55 

csh,1 = 180 cm ; csh,2 = 125 cm (csh,1 , csh,2 - are rounding up to 5cm) 

 ΔVEd = 88.89 kN        

 VEd = 1099 kN ;  MEd,1 = 260 kNm ; MEd,2 = 70 kNm  

 e1 = 0.24 m ;  e2 = 0.02 m     

 b1,1 = 283.6 cm ;  b2,1 = 228.6 cm ; β1 = 1.19 (Equation 6.43 - EC2) 

 b1,0 = 180.0 cm ;  b2,0 = 125.0 cm ; β0 = 1.34 (Equation 6.43 - EC2) 

Load capacity in the control perimeter outside the head: 

v Rd,max = 6.33 MPa v Ed,0 = 0.93 MPa vEd,0/vRd,max = 0.15 

v Rd,c  = 0.69 MPa v Ed,1 = 0.54 MPa vEd,1/vRd,c = 0.78 

Figure A4. Verification example no. 4—EC2. 

  

Figure A4. Verification example no. 4—EC2.

Appendix B. ACI318 Verification Examples

The four verification examples are shown in Figures A5–A8. The notations used in Figures A5–A8
are collected and described in Table A2.
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Table A2. Notations used in Appendix B.

Notations

α1 relative height of the shear head (main parameter of the method)
α2 relative range of the shear head (main parameter of the method)
hs slab height

htot total shear head height
hsh height of the bold (from the underside of the shear head to underside of the slab)

cnom,1, cnom,2 the reinforcement cover in 1 and 2 directions
ds,1, ds,2 effective depth of slab in 1 and 2 directions

ds, eff effective depth of slab
As1, As2 reinforcement area in 1 and 2 directions
cs,1, cs,2 column dimension in 1 and 2 directions

csh,1, csh,2 shear head dimension in 1 and 2 directions
b0,s length of the primary control perimeter for the column
b0,sh length of the basic control perimeter for the head
f ck characteristic compressive strength of concrete

vc
design shear strength of the unreinforced slab along the control perimeter under

consideration
vu design shear stress along the primary control perimeter of the support under consideration

l1, l2 slab span in 1 and 2 directions
qEd design total load evenly distributed over the slab generating the punching force
Ved the punching force in the control perimeter under consideration

∆VEd
the part of the punching force generated from the load inside the field created by

the control perimeter
MEd,1, MEd,2 design unbalanced bending moment acting on the connection in 1 and 2 directions

b1,i
the dimension of the primary control perimeter in a direction perpendicular to the axis in

which the bending moment under consideration operates

b2,i
the dimension of the primary control perimeter in a direction parallel to the axis in which

the bending moment under consideration operates
γv,i bending moment distribution coefficient for the direction under consideration

cAB,i
the distance from the center of gravity of the field bounded by the control perimeter to

the limit of that perimeter in the direction under consideration

Jc,i
the moment of inertia of the control section in relation to the center of gravity of the field

bounded by that section
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Geometric data: 

hs =  24 cm ;      

cnom,1 =  3.5 cm ; cnom,2 =  4.7 cm    

ds,1 =  19.9 cm ; ds,2 =  18.7 cm ; ds, eff = 19.3 cm 

As,1 
= 

 1.2 cm each 10 cm =  11.31 cm
2 ;  fck = 30 MPa 

As,2 
= 

 1.2 cm each 10 cm =  11.31 cm
2 

  

cs,1 =  50 cm ; cs,2 =  50 cm ; b0,s =  277.2 cm 

b1,1 = b2,2 =  69.3 cm ; b2,1 = b1,2 =  69.3 cm    

γv,1 =  0.4 ; γv,2 =  0.4    

cAB,1 =  34.65 cm  cAB,2 =  34.65 cm    

Jc,1 = 
 4365221.8 cm

4  Jc,2 = 
 4365221.8 cm

4    

Load data: 

l1 =  7.5 m ; l2 =  7.9 m ; qEd =  20 kPa 

VEd =  1185 kN ; MEd,1 =  34 kNm ; MEd,2 = 34 kNm 

Load capacity without a shear head: 

λ =  1 ; β  =  1  αs =  40 

v c,1 =  1.82 MPa ; v c,2 =  2.73 MPa ; v c,3 =  2.18 MPa 

v c = 0,75 * min (v c,i ) =  1.36 MPa ; v u =  2.49 MPa ; vu/vc =  1.83 

Head height selection: 

htot=  35 cm  

hsh =  11 cm  ( hsh = htot - hs ) 

v c = 0,75 * min (v c,i ) =  1.36 MPa ; v u =  1.35 MPa ; vu/vc =  0.99 

Head width selection: 

α1 =  0.46  ( α1 = hsh/hs ) 

cs/hs =  2.08 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.51*(cs/hs)
2
-4.34*(cs/hs )+11.46)*( α1-0.5)+2.85 = 

 2.66 

csh,1 =  135 cm ; csh,2 =  135 cm ; b0,sh =  617.2 cm 

(csh,1 , csh,2  - are rounding up to 5cm) 

ΔVEd =  47.6 kN       

VEd =  1137.4 kN ; MEd,1 =  34 kNm ; MEd,2 =  54 kNm 

b1, 1 = b2,2 =  154.3 cm ; b2,1 = b1,2 =  154.3 cm 

γv,1 =  0.4 ; γv,2 =  0.4 

cAB,1 =  77.15 cm ; cAB,2 =  77.15 cm 

Jc,1 =  47452509 cm
4 ; Jc,2 =  47452509 cm

4 

Load capacity in the control perimeter outside the head: 

v c,1 =  1.82 MPa ; v c,2 =  2.73 MPa ; v c,3 =  1.48 MPa 

v c = 0,75 * min (v c,i ) =  1.11 MPa ; v u =  1.01 MPa ; vu/vc =  0.91 
 

Figure A5. Verification example no. 1—ACI 318. 

  

Figure A5. Verification example no. 1—ACI 318.
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Geometric data: 

hs =  33 cm ;      

cnom,1 =  2.5 cm ; cnom,2 =  4.1 cm    

ds,1 =  29.7 cm ; ds,2 =  28.1 cm ; ds, eff = 28.9 cm 

As,1 
= 

 1.6 cm each 12 cm =  16.76 cm
2 ;  fck = 30 MPa 

As,2 
= 

 1.6 cm each 12 cm =  16.76 cm
2 

  

cs,1 =  40 cm ; cs,2 =  40 cm ; b0,s =  275.6 cm 

b1,1 = b2,2 =  68.9 cm ; b2,1 = b1,2 =  68.9 cm    

γv,1 =  0.4 ; γv,2 =  0.4    

cAB,1 =  34.45 cm  cAB,2 =  34.45 cm    

Jc,1 = 
 6578974 cm

4  Jc,2 = 
 6578974 cm

4    

Load data: 

l1 =  12 m ; l2 =  12 m ; qEd =  17 kPa 

VEd =  2448 kN ; MEd,1 =  500 kNm ; MEd,2 = 230 kNm 

Load capacity without a shear head: 

λ =  1 ; β  =  1  αs =  40 

v c,1 =  1.82 MPa ; v c,2 =  2.73 MPa ; v c,3 =  2.82 MPa 

v c = 0,75 * min (v c,i ) =  1.36 MPa ; v u =  4.60 MPa ; vu/vc =  3.37 

Head height selection: 

htot=  65 cm  

hsh =  32 cm  ( hsh = htot - hs ) 

v c = 0,75 * min (v c,i ) =  1.36 MPa ; v u =  1.32 MPa ; vu/vc =  0.97 

Head width selection: 

α1 =  0.97  ( α1 = hsh/hs ) 

cs/hs =  1.21 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.51*(cs/hs)
2
-4.34*(cs/hs )+11.46)*( α1-0.5)+2.85 = 

 6.11 

csh,1 =  245 cm ; csh,2 =  245 cm ; b0,sh =  1095.6 cm 

(csh,1 , csh,2  - are rounding up to 5cm) 

ΔVEd =  127.5 kN       

VEd =  2320.5 kN ; MEd,1 =  500 kNm ; MEd,2 =  230 kNm 

b1, 1 = b2,2 =  273.9 cm ; b2,1 = b1,2 =  273.9 cm 

γv,1 =  0.4 ; γv,2 =  0.4 

cAB,1 =  136.95 cm ; cAB,2 =  136.95 cm 

Jc,1 =  3.97E+08 cm
4 ; Jc,2 =  3.97E+08 cm

4 

Load capacity in the control perimeter outside the head: 

v c,1 =  1.82 MPa ; v c,2 =  2.73 MPa ; v c,3 =  1.39 MPa 

v c = 0,75 * min (v c,i ) =  1.04 MPa ; v u =  0.83 MPa ; vu/vc =  0.80 
 

Figure A6. Verification example no. 2—ACI 318. 

  

Figure A6. Verification example no. 2—ACI 318.
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Geometric data: 

hs =  18 cm ;      

cnom,1 =  2 cm ; cnom,2 =  3.2 cm    

ds,1 =  15.4 cm ; ds,2 =  14.2 cm ; ds, eff = 14.8 cm 

As,1 
= 

 1.2 cm each 9 cm =  12.57 cm
2 ;  fck = 25 MPa 

As,2 
= 

 1.2 cm each 9 cm =  12.57 cm
2 

  

cs,1 =  55 cm ; cs,2 =  55 cm ; b0,s =  279.2 cm 

b1,1 = b2,2 =  69.8 cm ; b2,1 = b1,2 =  69.8 cm    

γv,1 =  0.4 ; γv,2 =  0.4    

cAB,1 =  34.9 cm  cAB,2 =  34.9 cm    

Jc,1 = 
 3393054 cm

4  Jc,2 = 
 3393054 cm

4    

Load data: 

l1 =  7.2 m ; l2 =  6 m ; qEd =  16.75 kPa 

VEd =  723.6 kN ; MEd,1 =  5 kNm ; MEd,2 = 70 kNm 

Load capacity without a shear head: 

λ =  1 ; β  =  1  αs =  40 

v c,1 =  1.66 MPa ; v c,2 =  2.49 MPa ; v c,3 =  1.71 MPa 

v c = 0,75 * min (v c,i ) =  1.25 MPa ; v u =  2.06 MPa ; vu/vc =  1.65 

Head height selection: 

htot=  26 cm  

hsh =  8 cm  ( hsh = htot - hs ) 

v c = 0,75 * min (v c,i ) =  1.25 MPa ; v u =  1.18 MPa ; vu/vc =  0.95 

Head width selection: 

α1 =  0.44  ( α1 = hsh/hs ) 

cs/hs =  3.06 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.51*(cs/hs)
2
-4.34*(cs/hs )+11.46)*( α1-0.5)+2.85 = 

 2.69 

csh,1 =  150 cm ; csh,2 =  150 cm ; b0,sh =  659.2 cm 

(csh,1 , csh,2  - are rounding up to 5cm) 

ΔVEd =  45.5 kN       

VEd =  678.1 kN ; MEd,1 =  5 kNm ; MEd,2 =  70 kNm 

b1, 1 = b2,2 =  164.8 cm ; b2,1 = b1,2 =  164.8 cm 

γv,1 =  0.4 ; γv,2 =  0.4 

cAB,1 =  82.4 cm ; cAB,2 =  82.4 cm 

Jc,1 =  44250365 cm
4 ; Jc,2 =  44250365 cm

4 

Load capacity in the control perimeter outside the head: 

v c,1 =  1.66 MPa ; v c,2 =  2.49 MPa ; v c,3 =  1.20 MPa 

v c = 0,75 * min (v c,i ) =  0.90 MPa ; v u =  0.75 MPa ; vu/vc =  0.83 
 

Figure A7. Verification example no. 3—ACI 318. 

  

Figure A7. Verification example no. 3—ACI 318.
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Geometric data: 

hs =  30 cm ;      

cnom,1 =  2.5 cm ; cnom,2 =  4.1 cm    

ds,1 =  26.7 cm ; ds,2 =  25.1 cm ; ds, eff = 25.9 cm 

As,1 
= 

 1.6 cm each 15 cm =  13.40 cm
2 ;  fck = 45 MPa 

As,2 
= 

 1.6 cm each 15 cm =  13.40 cm
2 

  

cs,1 =  50 cm ; cs,2 =  35 cm ; b0,s =  273.6 cm 

b1,1 = b2,2 =  60.9 cm ; b2,1 = b1,2 =  75.9 cm    

γv,1 =  0.373892 ; γv,2 =  0.426689    

cAB,1 =  30.45 cm  cAB,2 =  37.95 cm    

Jc,1 = 
 4796744 cm

4  Jc,2 = 
 6650515 cm

4    

Load data: 

l1 =  9 m ; l2 =  6 m ; qEd =  22 kPa 

VEd =  1188 kN ; MEd,1 =  260 kNm ; MEd,2 = 21 kNm 

Load capacity without a shear head: 

λ =  1 ; β  =  1  αs =  40 

v c,1 =  2.23 MPa ; v c,2 =  2.67 MPa ; v c,3 =  3.22 MPa 

v c = 0,75 * min (v c,i ) =  1.67 MPa ; v u =  2.34 MPa ; vu/vc =  1.40 

Head height selection: 

htot=  38 cm  

hsh =  8 cm  ( hsh = htot - hs ) 

v c = 0,75 * min (v c,i ) =  1.67 MPa ; v u =  1.55 MPa ; vu/vc =  0.93 

Head width selection: 

α1 =  0.27  ( α1 = hsh/hs ) 

cs/hs =  1.67 ( cs = min ( cs,1 ; cs,2 ) ) 

α2 = (0.51*(cs/hs)
2
-4.34*(cs/hs )+11.46)*( α1-0.5)+2.85 = 

 1.53 

csh,1 =  80 cm ; csh,2 =  55 cm ; b0,sh =  373.6 cm 

(csh,1 , csh,2  - are rounding up to 5cm) 

ΔVEd =  18.8 kN       

VEd =  1169.2 kN ; MEd,1 =  260 kNm ; MEd,2 =  21 kNm 

b1, 1 = b2,2 =  80.9 cm ; b2,1 = b1,2 =  105.9 cm 

γv,1 =  0.368163 ; γv,2 =  0.432705 

cAB,1 =  40.45 cm ; cAB,2 =  52.95 cm 

Jc,1 =  11495412 cm
4 ; Jc,2 =  17182585 cm

4 

Load capacity in the control perimeter outside the head: 

v c,1 =  2.23 MPa ; v c,2 =  2.64 MPa ; v c,3 =  2.66 MPa 

v c = 0,75 * min (v c,i ) =  1.67 MPa ; v u =  1.57 MPa ; vu/vc =  0.94 
 

Figure A8. Verification example no. 4—ACI 318. 

  

Figure A8. Verification example no. 4—ACI 318.
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