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In Task 3, a two-way flat slab (slab supported by columns) will be designed.

Task 3 – Flat slab
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Comparison of Tasks 1 to 3

Beam (frame) –
Task 1

One-way slab –
Task 1

Two-way slab supported
on 4 sides – Task 2

Two-way flat slab
– Task 3
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Task 3 – Assignment
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1) Design of the dimensions of the load-bearing elements and sketch the structure. 

2) Preliminarily check punching.

3) Calculate bending moments in lanes C and 3.

4) Design slab bending reinforcements (rebars) for the calculated moments.

5) Draw a sketch of the layout of the bending reinforcement.

6) Design the punching reinforcement for column C3.

7) Draw a sketch of the layout of the punching reinforcement.

Task 3 – Assignment goals
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4) Design of bending reinforcement 
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1) Design of the dimensions of the load-bearing elements and sketch the structure. 

2) Preliminarily check punching.

3) Calculate bending moments in lanes C and 3.

4) Design slab bending reinforcements (rebars) for the calculated moments.

5) Draw a sketch of the layout of the bending reinforcement.

6) Design the punching reinforcement for column C3.

7) Draw a sketch of the layout of the punching reinforcement.

Task 3 – Assignment goals
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Perform the design for all the moments calculated in previous HW.

For one cross-section do the calculation by hand, the others in an Excel 
spreadsheet.

Apart from some specific steps, design and assessment of slab reinforcement is 
almost the same as for beams.

Bending reinforcement
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Perform the design for all the moments calculated in previous HW.

For one cross-section do the calculation by hand, the others in an Excel 
spreadsheet.

Bending reinforcement
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The effective depth of slab is different in each direction based on the chosen 
rebar positions (chose higher 𝑑 in the direction with most extreme 𝑚𝐸𝑑):

𝑑1 = ℎ𝑠 – 𝑐 – ø2 – ø1/2

𝑑2 = ℎ𝑠 – 𝑐 – ø2/2

Design rebars with diameter 8, 10, 12, or 14 mm.

Use cover depth from Task 1.

Effective depth of slab 
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The effective depth of slab is different in each direction based on the chosen 
rebar positions (chose higher 𝑑 in the direction with most extreme 𝑚𝐸𝑑):

𝑑1 = ℎ𝑠 – 𝑐 – ø2 – ø1/2

𝑑2 = ℎ𝑠 – 𝑐 – ø2/2

Design rebars with diameter 8, 10, 12, or 14 mm.

Use cover depth from Task 1.

Effective depth of slab 
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The required cross-sectional area of reinforcement can be estimated using:

Required cross-sectional area of reinforcement 

fyd = fyk/1.15

Lever arm of internal forces – 
estimated as z = 0.9 d

From previous HW
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The required cross-sectional area of reinforcement can be estimated using:

Required cross-sectional area of reinforcement 

fyd = fyk/1.15

Lever arm of internal forces – 
estimated as z = 0.9 d

From previous HW
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When designing the reinforcement, check all of the conditions for minimum 
reinforcement area:

𝑎𝑠,𝑚𝑖𝑛,1 = 0.0013𝑏𝑑,

𝑎𝑠,𝑚𝑖𝑛,2 =
0.26𝑓𝑐𝑡𝑚

𝑓𝑦𝑘
𝑏𝑑,

𝑎𝑠,𝑚𝑖𝑛,3 =
𝑘𝑐𝑘𝑓𝑐𝑡,𝑒𝑓𝑓𝑎𝑐𝑡

𝜎𝑠

=
0.4 ∙ 1 ∙ 𝑓𝑐𝑡𝑚 ∙ 1 ∙ ℎ𝑑/2

𝑓𝑦𝑘

Minimum reinforcement area 

Width of the slab: 1 m

Mean tensile strength of concrete (see the table with concrete classes).

Maximum stress permitted in the reinforcement 
immediately after formation of the crack:
ss = fyk = 500 MPa
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When designing the reinforcement, check all of the conditions for minimum 
reinforcement area:

𝑎𝑠,𝑚𝑖𝑛,1 = 0.0013𝑏𝑑,

𝑎𝑠,𝑚𝑖𝑛,2 =
0.26𝑓𝑐𝑡𝑚

𝑓𝑦𝑘
𝑏𝑑,

𝑎𝑠,𝑚𝑖𝑛,3 =
𝑘𝑐𝑘𝑓𝑐𝑡,𝑒𝑓𝑓𝑎𝑐𝑡

𝜎𝑠

=
0.4 ∙ 1 ∙ 𝑓𝑐𝑡𝑚 ∙ 1 ∙ ℎ𝑑/2

𝑓𝑦𝑘

Minimum reinforcement area 

Width of the slab: 1 m

Mean tensile strength of concrete (see the table with concrete classes).

Maximum stress permitted in the reinforcement 
immediately after formation of the crack:
ss = fyk = 500 MPa
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Reinforcements in a slab are designed as ø𝐗 per 𝐘 𝐦𝐦 (e.g., ø10 per 
150 mm).

Design the reinforcement so that 𝑎𝑠,𝑝𝑟𝑜𝑣 is approx. 20 - 30% larger than 𝒂𝒔,𝒓𝒆𝒒 

and also larger than 𝒂𝒔,𝒎𝒊𝒏.

Reinforcement design
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Reinforcements in a slab are designed as ø𝐗 per 𝐘 𝐦𝐦 (e.g., ø10 per 
150 mm).

Design the reinforcement so that 𝑎𝑠,𝑝𝑟𝑜𝑣 is approx. 20 - 30% larger than 𝒂𝒔,𝒓𝒆𝒒 

and also larger than 𝒂𝒔,𝒎𝒊𝒏,𝒊.

Reinforcement design
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Height of the compressed zone of concrete cross-section:

Lever arm of internal forces (exact value):

Load-bearing capacity of the cross-section:

Assessment:

Assessment of the design
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Height of the compressed zone of concrete cross-section:

Lever arm of internal forces (exact value):

Load-bearing capacity of the cross-section:

Assessment:

Assessment of the design
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Relative height of compressed zone:

Spacing of rebars:

Recommendation: Do not design spacing smaller than 100 mm.

RULE: It is always better to use higher number of smaller bars than lower 
number of bigger bars.

Check of detailing rules

0.45
x

d
 = 

( )Smin 2 ; 250 mms h
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Relative height of compressed zone:

Spacing of rebars:

Recommendation: Do not design spacing smaller than 100 mm.

RULE: It is always better to use higher number of smaller bars than lower 
number of bigger bars.

Check of detailing rules

0.45
x

d
 = 

( )Smin 2 ; 250 mms h
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5) Drawing of the bending reinforcement
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1) Design of the dimensions of the load-bearing elements and sketch the structure. 

2) Preliminarily check punching.

3) Calculate bending moments in lanes C and 3.

4) Design slab bending reinforcements (rebars) for the calculated moments.

5) Draw a sketch of the layout of the bending reinforcement.

6) Design the punching reinforcement for column C3.

7) Draw a sketch of the layout of the punching reinforcement.

Task 3 – Assignment goals
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We must do 2 separate drawings – 1 for upper reinforcement and 1 for lower 
reinforcement .

Sketch of bending reinforcement
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Anchorage

Anchorage at the edge

Clear span
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Sketch of bending reinforcement

The dashed lines indicate
the given lane.
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Sketch of bending reinforcement

Long dashed lines separate
the column and centre
strip.
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Sketch of bending reinforcement

Long dashed lines separate
the column and centre
strip.
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Sketch of bending reinforcement

The thick lines indicate the
rebars, and the dimensions 
mark the widths over 
which the rebars of the 
same type are spread.
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Sketch of bending reinforcement

We do not draw each 
individual rebars!
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Sketch of bending reinforcement

For each member, draw 
circles to indicate the 
location of the transverse 
reinforcement in the other 
direction.
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Sketch of bending reinforcement

For each member, draw 
circles to indicate the 
location of the transverse 
reinforcement in the other 
direction.
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The sketch should contain the designed bending reinforcement. The drawing 
will not include any additional structural reinforcement. Choose the scale so 
that the drawing fits on A3 format.

The drawing should include:
• floor plan with rebar locations,
• simplified reinforcement list with the shapes of the rebars,
• overview of materials, anchor lengths, and concrete cover,
• drawing title.
(see sample on the web)

Sketch of bending reinforcement
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The sketch should contain the designed bending reinforcement. The drawing 
will not include any additional structural reinforcement. Choose the scale so 
that the drawing fits on A3 format.

The drawing should include:
• floor plan with rebar locations,
• simplified reinforcement list with the shapes of the rebars,
• overview of materials, anchor lengths, and concrete cover,
• drawing title.
(see sample on the web)

Sketch of bending reinforcement

Floor plan of the structure
with layout of rebars and 

with dimensions.

Drawing title

Reinforcement 
list

Overview of 
materials, anchor 

lengths, and 
concrete cover
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The sketch should contain the designed bending reinforcement. The drawing 
will not include any additional structural reinforcement. Choose the scale so 
that the drawing fits on A3 format.

The drawing should include:
• floor plan with rebar locations,
• simplified reinforcement list with the shapes of the rebars,
• overview of materials, anchor lengths, and concrete cover,
• drawing title.
(see sample on the web)

Sketch of bending reinforcement

Floor plan of the structure
with layout of rebars and 

with dimensions.

Reinforcement 
list

Drawing title

Overview of 
materials, anchor 

lengths, and 
concrete cover
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5) Design of punching reinforcement
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1) Design of the dimensions of the load-bearing elements and sketch the structure. 

2) Preliminarily check punching.

3) Calculate bending moments in lanes C and 3.

4) Design slab bending reinforcements (rebars) for the calculated moments.

5) Draw a sketch of the layout of the bending reinforcement.

6) Design the punching reinforcement for column C3.

7) Draw a sketch of the layout of the punching reinforcement.

Task 3 – Assignment goals
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There are two types of punching failure which can occur in the slab.

 Failure of compressed concrete  Failure of punching reinforcement

Types of punching failure
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There are two types of punching failure which can occur in the slab.

 Failure at 𝑢0 perimeter  Failure at 𝑢1 perimeter 

Types of punching failure
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In perimeter 𝑢0, the shear force induces high compressive stress in 
concrete

We must check whether the load-bearing capacity of compressed 
concrete (i.e., the “Maximum punching shear resistance”) is sufficient:

We have already checked this in the preliminary design!

Failure at 𝑢0 perimeter

Ed
Ed,0 Rd,max cd

0

0.4
V

v v f
u d


=  =
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In perimeter 𝑢1, the shear force induces high tensile stress in concrete.

We must check whether the slab is able to carry the load without 
punching reinforcement:

𝑣𝐸𝑑,1 ≤ 𝑣𝑅𝑑,𝑐 .

If the condition above is not satisfied, we must design punching 
reinforcement and check whether the slab is able to carry the load with 
punching reinforcement:

𝑣𝐸𝑑,1 ≤ 𝑣𝑅𝑑,𝑐𝑠.

Failure at 𝑢1 perimeter
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The load-bearing capacity in punching of the slab without punching 
reinforcement is assessed using equation:

Load-bearing capacity without reinforcement

( ) 3Ed 3
Ed,1 Rd,c Rd,c ck ck

1

max 100 ; 0,035l

V
v v C k f k f

u d


 =  =   

 

C 3

2

d d
d

+
=

If you used steel caps, 
use u1 calculated with the 
cap.

Reinforcement ratio for 
the bending reinforcement

3 0,02l lC l  =  

sC s3
C 3

C 3

, 
1000 1000

l l

a a

d d
 = =

𝑎𝑠𝐶  [mm2/m] is the cross-sectional area 

of the upper reinforcement per 1 m 
width of the slab in lane C.

200
1 2,0k

d
= + Effect of depth:Reduction factor (0.12)
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If the condition

is satisfied, then no punching reinforcement is needed.

If the condition is not satisfied, we must design punching reinforcement.

Load-bearing capacity without reinforcement

( ) 3Ed 3
Ed,1 Rd,c Rd,c ck ck

1

max 100 ; 0,035l

V
v v C k f k f

u d


 =  =   

 
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We will use double-headed studs connected by a spacer rail placed 
radially as a punching reinforcement.

We need to design the number of rails, number of studs in each rail, and 
spacing of the studs.

Design of punching reinforcement



beton4life 46

When we design the punching reinforcement, we first determine the 
length of the controlled perimeter in which shear reinforcement is no 
longer required (i.e., the perimeter where 𝒗𝑬𝒅,𝟏 = 𝒗𝑹𝒅,𝒄)

𝑢𝑜𝑢𝑡 =
𝛽𝑉𝐸𝑑

𝑣𝑅𝑑,𝑐𝑑
,

and its diameter

𝑟𝑜𝑢𝑡 =
𝑢𝑜𝑢𝑡

2𝜋
.

Design of punching reinforcement
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The number of rails and studs must be determined form the following 
rules:
• first stud must be less than (0.3– 0.5)𝑑  from the face of the column,
• last stud must be less than 1.5𝑑  from 𝑢𝑜𝑢𝑡,
• radial spacing of studs must be 𝑠𝑟 ≤ 0.75𝑑,
• tangential spacing of last studs must be 𝑠𝑡 ≤ 2𝑑,
• tangential spacing of studs in perimeter 𝒖𝟏 must be less than 1.5𝑑.

Design of punching reinforcement
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The number of rails and studs must be determined form the following 
rules:
• first stud must be less than (0.3– 0.5)𝑑  from the face of the column,
• last stud must be less than 1.5𝑑  from 𝑢𝑜𝑢𝑡,
• radial spacing of studs must be 𝑠𝑟 ≤ 0.75𝑑,
• tangential spacing of last studs must be 𝑠𝑡 ≤ 2𝑑,
• tangential spacing of studs in perimeter 𝑢1 must be less than 1.5𝑑.

Design of punching reinforcement
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The number of rails and studs must be determined form the following 
rules:
• first stud must be less than (0.3– 0.5)𝑑  from the face of the column,
• last stud must be less than 1.5𝑑  from 𝑢𝑜𝑢𝑡,
• radial spacing of studs must be 𝑠𝑟 ≤ 0.75𝑑,
• tangential spacing of last studs must be 𝑠𝑡 ≤ 2𝑑,
• tangential spacing of studs in perimeter 𝒖𝟏 must be less than 1.5𝑑.

Design of punching reinforcement
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The number of bars can be calculated from the rules for 
maximum distances in the tangential direction

𝑛 ≥ max
2𝜋 𝑟𝑜𝑢𝑡 − 1.5𝑑

2𝑑
;

𝑢1

1.5𝑑

The cross-sectional area of the reinforcement profiles in 
one circumference is then

𝐴𝑠𝑤 = 𝑛 𝜋⌀𝑠𝑤
2 /4 ,

where the profile of the studs (⌀𝑠𝑤) is 10 to 14 mm.

Design of punching reinforcement
If you used steel caps, use 
u1 calculated with the cap.
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Finally, we can assess the load-bearing capacity in punching of the slab 
with punching reinforcement using equation

𝑣𝑅𝑑,𝑐𝑠 = min 0.75𝑣𝑅𝑑,𝑐 + 1.5
𝐴𝑠𝑤𝑓𝑦𝑑

𝑠𝑟𝑢1
; 𝑘𝑚𝑎𝑥𝑣𝑅𝑑,𝑐 .

All of the parameters have been calculated or designed above (𝑘𝑚𝑎𝑥 was 
determined in the previous HW).

Load-bearing capacity with reinforcement
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The assessment of punching is carried out by comparing the load effects
with the load-bearing capacity

𝑣𝐸𝑑,1 =
𝛽𝑉𝐸𝑑

𝑢1𝑑
≤ 𝑣𝑅𝑑,𝑐𝑠.

If the condition is not satisfied, we must redesign the punching 
reinforcement – i.e., increase stud diameter or number of rails.

Assessment of punching resistance 
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Finally, we must check the detailing rules punching – i.e, the punching 
reinforcement ratio

𝜌𝑠𝑤 ≥ 𝜌𝑠𝑤,𝑚𝑖𝑛

1.5
𝜋⌀𝑠𝑤

2 /4

𝑠𝑟𝑠𝑡
≥ 0.08

𝑓𝑐𝑘

𝑓𝑦𝑘

If the condition is not satisfied, we must redesign the punching 
reinforcement – i.e., increase stud diameter or increase number of rails 
or reduce the radial spacing of the studs.

Detailing rules
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6) Drawing of the punching reinforcement

54
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1) Design of the dimensions of the load-bearing elements and sketch the structure. 

2) Preliminarily check punching.

3) Calculate bending moments in lanes C and 3.

4) Design slab bending reinforcements (rebars) for the calculated moments.

5) Draw a sketch of the layout of the bending reinforcement.

6) Design the punching reinforcement for column C3.

7) Draw a sketch of the layout of the punching reinforcement.

Task 3 – Assignment goals
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Drawing of the punching reinforcement

56

We will draw the punching reinforcement with all relevant dimensions and notes. 
Use scale of 1:10 (or 1:20).
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thank you for your attention

57
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I thank Assoc. Prof. Petr Bílý for his original seminar presentation and other supporting
materials from which this presentation was created.

58

Recognitions

Recognitions
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