
|Shear - reinforced concrete beam
Cracks

- tensile vertical

- tensile inclined

- shear

- compression

The beam may have several 
possible modes of failure:

- cracking

- deflection

- shear

- bending

Some basic definitions



What is shear of a beam

The principles stresses - crack formation

Tlak



Truss analogy

Blue: compression elements

Red: tension elements

Vertical links and bent up bars



Shear reinforcement of a beam

Shear - Basic requirement

VSd load effect shear force

VRd1combine shear resistance of the 
concrete and longitudinal bars,

Vwd shear resistance due to additional 
shear reinforcement



Shear capacity of a beam

Dowel effect



Shear capacity of a beam

Concrete strenght and scale effect

τRd=0.25fctk0.05/γ
c



An example

τc= 0,26×1×(1,2 + 40×0,01)+0 = 0,42 MPa

Concrete C20, fck = 20 MPa, fctk 0,05 = 1,5 MPa, τRd = 0,26 MPa

Vcd= 0,42 ×0,30 ×0,40 = 0,05 MN = 50 kN

A beam bw = 0,30 m, d = 0,40 m:

Vcd= 0,42 ×1,00 ×0,17 = 0,071 MN = 71 kN

Slab beam bw = 1,00 m, d = 0,17 m:

cd

Shear capacity

for

ρ = 0,01

Punching shear



Pipers Row Car Park, Wolverhampton, 1997

CHDG Airport - cracks of the outer 
surface of the shell 



Rupture of concrete shell

Resistance



Shear capacity

Critical perimeter



An example of critical perimeter

Design procedure



Shear capacity - an example (continue) 
Concrete C 35, fctk 0,05 = 2,2 MPa

τR = 0,25×2,2/1,5 = 0,37MPa

k = 1,6 - 0,2 = 1,4

ρ ∼ 0,01

τc = 0,37×1,4 × (1,2+0,4) = 0,83 MPa

VRd1 = 0,83 ×0,2 × 3,485 = 0,58 MN

VRd2 = 0,9 × 2,20,5 × 4 × 0,4 = 2,14 MN

Shear capacity depends on:

- concrete grade

- perimeter 
- effective depth

- reinforcement ratio

An example of circular column

Concrete C40/50: fctk = 2,5 MPa, τc ≈ 2,1 MPa – separate calculation 

= 0,2 m

b = 0,30 m

Circular column u = π(b+3d) = 2,8 m

Vrd1 = 2,1 × 2,8 × 0,2 = 1,18 MN



Assignment 4 – Punching shear

G + Q

Concrete slab R

b

Verify resistance of the flat slab exposed to permanent load due to 
permanet load gk = 7 kN/m2 and imposed load qk = 5 kN/m2 (γG = 
1,35, γQ = 1,5). Consider loading area 36 m2. The effective depth of 
the slab is d = 0,15 m, design shear strength τc = 2 MPa. The slab is 
supported by a circular column of the diameter b = 0,30 m. 

d

Solution of the assignment 4

The design shear force 

NEd = 36 × (7 × 1,35 + 5 × 1,5) = 610,2 kN

The critical perimeter

u = π(b + 3d) = 3,14 (0,3+3 × 0,15) = 2,355 m

The shear resistance

VRd1 = 2 ×0,15 × 2,355 = 706,5 kN

NEd < VRd1

The slab is resistant against punching shear without 
special shear reinforcement



Exam questions

• Failure modes of reinforced concrete beam

• What is shear stress

• Draw lines of principle stresses in a beam

• Explain truss analogy

• Types of shear reinforcements

• Fundamental shear theory

• Shear capacity of a beam without shear reinforcement

• Examples of punching shear

• Shear capacity of a slab without shear reinforcement

• An example of punching shear verification

Basic formulae

Component Design resistance Notes

Bending, simple 
reinforcement

d effective depth

Bending, 
approximation

MRd ≅ z As fyd z ≅ 0,9 d internal 
arm

Short column, no 
excentricity

NRd = 0,8 Ac fcd + As fyd 0,8 a reduction 
factor

Shear, no additional 
shear reinforcement

VRd = τc b d τc ≅τRd k (1+ 40 ρ)

k ≅ 1,6 − d

Punching shear, no 
additional shear reinf. 

VRd = τc u d u length of critical 
perimeter 
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