
3rd task:
Two-way slab supported by
columns (flat slab)



Reinforcement of the slab
• Design of bending reinforcement

• Drawing of bending reinforcement

• Detailed check of punching

• Design of punching reinforcement (if necessary)

• Sketch of punching reinforcement



• Generally, it is the same as for beams

• Do the calculation for the moments calculated 
in 7th seminar

• Do the calculation in a table like this:

Design of bending reinforcement



Design of bending reinforcement

• Cross-sectional area of reinforcement:

• Two-way slab = two values of d !!! 

• Use higher d in the direction of higher mEd

• Use 8 – 14 mm bars

• Use cover depth from the 1st task
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Minimum reinforcement

• Brittle failure precaution:

• Excessive cracking precaution:

Width of the slab, 1 m
Mean tensile strength of concrete, 

see table
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Coefficients describing stress 
distribution in the cross-section, 

kc = 0.4 and k = 1.0

Mean value of the tensile strength 
of the concrete effective at the 
time when the first cracks may be 
expected to occur; fct,eff = fctm

Area of concrete within tensile 
zone at the first crack, Act = 0.5bd

Maximum stress permitted in the 
reinforcement immediately after 
formation of the crack, σs = fyk = 
500 MPa

In our case, fct,eff = fctm



Check of the design

Height of compressed zone of 
concrete cross-section fcd = fck/1.5
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• Relative height of compressed zone:

• Spacing of rebars:

• Recommendation: Spacing not less than 100 
mm

• RULE: It is always better to use higher number 
of smaller bars than lower number of bigger 
bars (deflections, stress distribution…)
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Drawing of bending reinforcement

• 1 drawing for upper reinforcement 

• 1 drawing for lower reinforcement 

• Calculation of anchorage length – see 5th 
seminar



Drawing of bending reinforcement

Plan of the structure with layout of rebars and 
with dimensions.

Adjust the scale to fit the drawing to A3 size

Description of 
shapes of 

rebars

Drawing title

Notes

Cover depth, 
materials, 

anchorage lengths

List of reinf.

See example on my website



Layout of bending reinforcement

Middle strip

Column strip

Anchorage
at the edge



Punching in column C3

Double-headed studs 
connected to a spacer bar



Detailed check of punching
• 3 steps

• Is the resistance of compressed concrete in the 
face of the column sufficient? Already checked 
in preliminary design.

vEd,max ≤ vRd,max

• Is the slab able to carry the load without 
reinforcement?

vEd,1 ≤ vRd,c

• Is the designed reinforcement sufficient?

vEd,1 ≤ vRd,cs



Resistance without reinforcement
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vEd,1 ≤ vRd,c☺ No punching reinforcement needed

vEd,1 > vRd,c� Design of punching reinforcement

Stress in control 
perimeter u1 - see 
preliminary design
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Punching shear
resistance of a slab
without punching

reinforcement

Remaining coefficients – see preliminary design (7th seminar)

Reinforcement ratio for 
tensile reinforcement

Minimum value of vRd,c
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asC and as3 are cross-sectional areas of upper 
reinforcement per 1 m in belt C and belt 3 
(in the distance of 3d from perimeter u0)

If you used caps (steel
flanged collars), use u1

calculated with the cap



Design of punching reinforcement

• Control perimeter where the reinforcement is 
not necessary (vEd,out = vRd,c) and its radius:
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Layout of punching reinforcement

• First stud (0.3–0.5)d behind the face of column

• Last stud not more than 1.5d  from uout

• Spacing of intermediate studs sr ≤ 0.75d

• Spacing of rails st ≤ 2d

• Spacing of rails in perimeter u1 less than 1.5d

• See example on my webpage



• Number of rails („sun rays“)

• Diameter of studs: 10 – 14 mm (up to 25 mm if
necessary) => cross-sectional area of one stud 
Asw,1

• Cross-sectional area of studs in one perimeter:

Asw = n.Asw,1

• If you used caps (steel flanged collars), use u1

calculated with the cap
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Check of punching reinforcement
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Punching shear resistance of a slab 
with punching reinforcement

Punching shear 
resistance of a slab 
without punching 

reinforcement

Spacing of 
studs

Angle between 
studs and slab, 90°

fywd,ef = 250 + 0,25d ≤ fywd

Effective design strength of 
punching reinforcement

Design strength of reinforcement 
steel, ask the producer of studs or 

take 435 MPavEd,1 ≤ vRd,cs ☺ Checked

vEd,1 > vRd,cs � Redesign: Decrease sr or increase Asw,1
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Punching reinforcement ratio

Punching 
reinforcement 
ratio of your 

slab

ρsw ≥ ρsw,min☺ Checked

ρsw < ρsw,min� Redesign: Decrease sr or increase Asw,1
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Sketch of punching reinforcement

• Plan and section in scale 1:20

• See example on my website


