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REINFORCED CONCRETE 
&BASIC RESTRAINED STEEL 

BEAM DESIGN



Design situations γ c   for concrete γS for reinforcing steel γS for prestressing steel

Persistent & Transient 1,5 1,15 1,15

Accidental 1,2 1,0 1,0

Table 1: Partial factors for materials for ultimate limit states 



Table 2 Strength and deformation 
characteristics for concrete



 Strength 

class of 

concrete  

 C20/25   C30/37   C40/50   C50/60   C60/75   C70/85   C80/95   C90/105  

 f ck  20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00

 f cm  
28.00 38.00 48.00 58.00 68.00 78.00 95.00 98.00

 f ctk0.05   1,5   2,0   2,5   2,9   3,1   3,2   3,4   3,5  

 f ctk0.95   2,9   3,8   4,6   5,3   5,7   6,0   6,3   6,6  

 E cm  
30.00 33.00 35.00 37.00 39.00 41.00 42.00 44.00

 Table 3. Characteristic compressive strength, f ck , mean compressive strength, f cm, 

characteristic tensile strength, f ctk, (in MPa) and secant modulus of elasticity, E cm, (in 

MN/m²) of concrete, by strength class.  

The design values of the compressive and tensile strength of concrete are calculated from the
following expressions

fcd=αcc fck / γc ,    and      fctd=αct fctk0.05

/ γc

where:
γc is the partial safety factor for concrete. The recommended value is 1,5 for

persistent and transient situations and 1,2 for accidental situations.

αcc, αct are coefficients taking account of long-term effects and the way the load is
applied. They should lie between 0,80 and 1,00. 



TIME-DEPENDENCE OF CONCRETE 
MECHANICAL PARAMETERS –

COMPRESSIVE STRENGTH
When concrete compressive strength is needed for ages other than 28 days (e.g.: demoulding, prestress) 
and no tests are to be conducted, the characteristic value at time t, fck(t), may be approximated from the 
expression:

fck(t) = fcm(t) – 8 [kN/m2],      for 3 < t < 28 days,
fck(t) = fck ,              for t ≥ 28 days.

Compressive strength depends on the kind of cement and the curing temperature and conditions. When 
the concrete is cured under normal conditions, the mean value may be estimated as:

fcm(t) = βcc(t) fcm

Taking:
βcc(t) = exp{s[1-(28/t)1/2]};

where:
fcm(t) is the mean concrete compressive strength at age t (in days),
fcm is the mean concrete compressive strength at 28 days,
βcc(t) is a coefficient depending of the age and type of cement,
t is the age in days,
s is a coefficient depending on the cement class

s = 0,2 for cement classes: CEM 42.5 R, CEM 53.5N and CEM 53.5R (Class R)
s = 0,35 for classes CEM 32.5 R. CEM 42.5 N (Class N)
s = 0,38 for classes CEM 32.5 N (Class S)



Table 4 - Characteristic concrete 
compressive strength at different 

ages (in kN/m2).



TIME-DEPENDANCE OF CONCRETE 
MECHANICAL PARAMETERS – TENSILE 

STRENGTH
The development of tensile strength with time is strongly influenced by 
curing and drying conditions as well as by the dimensions of the 
structural members. As a first approximation it may be assumed that the 
tensile strength fctm(t) is equal to: 

fctm(t) = (βcc(t) )α⋅ fctm (3.4)
where βcc(t) follows from Expression (3.2) and

α = 1 for t < 28
α = 2/3 for t ≥ 28. The values for fctm are given in Table 3.1.

Note: Where the development of the tensile strength with time is 
important it is recommended that tests are carried out taking into account 
the exposure conditions and the dimensions of the structural member.



TIME-DEPENDANCE OF CONCRETE 
MECHANICAL PARAMETERS – ELASTIC 

MODULUS
The value of the mean elastic modulus of concrete at 28 days, 
Ecm, can be estimated from mean compressive strength with 
the following expression:

Ecm [MN/m2] = 22 [(fcm /10)]0,3 ; fcm in [kN/m2].

The following equation can be used to compute the variation 
of the elastic modulus with time:

Ecm(t) = (fcm(t)/fcm)0,3 Ecm

.



Table 5 Mean elastic modulus of 
concrete at different ages (in MN/m2)



TABLE 6 – EXPOSURE 
CONDITIONS



TABLE 7 – NOMINAL CONCRETE COVER TO 
REINFORCEMENT FOR CONCRETE MADE 
WITH OPC FOR A 50-YEAR DESIGN LIFE

Notes:
(1) The specified cover should be provided to all reinforcement.
(2) When the work is carried out by a company with a recognised quality control system, the nominal  cover values may be 

reduced by 5mm.



Table 8 – Resistance to fire: minimum 
sizes and minimum axis distances for 

columns and for simply supported 
slabs



Table 9 – Resistance to Fire: 
minimum sizes and minimum axis 

distances for simply supported 
beams exposed to fire on three faces

When  the axis distance is 70 mm or more, surface reinforcement of 4 mm bars at 100 mm spacing should be provided to 
prevent the surface concrete falling off during the fire. 



Figure 1 – Two ways of ensuring that 
has R60 fire resistance



Table 10 – Factors determining 
minimum cover to reinforcing bars



Figure 2 – Factors determining cover 
to reinforcement



Reinforcement Requirements - 1



Reinforcement Requirements - 2



Maximum & Minimum Reinforcement 
in Columns



Properties of steel reinforcing bars
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Figure 1 - FLEXUAL MEMBERS – IN 
BENDING – A

Simplified concrete design stress block 

Source : Walraven February 2008



Figure 2 - FLEXUAL MEMBERS – IN 
BENDING – B

Stresses and forces in a rectangular 
concrete beam at ULS

Source: Structural elements design Manual – Working with Eurocodes



Figure 3 - BENDING DESIGN 
AIDS

Table 1:



DESIGN OF BEAMS/SLABS FOR 
DEFLECTION SLS

Deflections of such a magnitude that

members appear visibly to sag will upset the

owners or occupiers of structures. It is

generally accepted that a deflection larger

than span/250 should be avoided from the

appearance point of view. A survey of

structures in Germany that had given rise to

complaints produced 50 examples. The

measured sag was less than span/250 in only

two of these.

Done in 2 ways – Calculation or Tabulated 

Values



SLS – CONTROL OF DEFLECTIONS

Tabulated Values:-

Note that the factors vary according to the percentage of reinforcement in
the beam. Generally a beam with a higher percentage of reinforcement
ρ will have a deeper stress block of concrete in compression which will
cause more curvature of the beam and more deflection so the limiting
span to effective depth ratio limits are lower for such a beam.
For other than simple support add a K factor of 1.5 for interior span
condition, 1.3 for end span condition & 0.4 for cantilevers.
When more reinforcement is provided than is required by the ULS,
multiply factor by As,prov/Az,req



PRINCIPLES OF SHEAR CONTROL IN 
EC2



CONCRETE BEAMS REINFORCED IN 
SHEAR (strut & tie modelling)

In a reinforced concrete beam with vertical links, shear forces are 
considered to be carried by the links in tension acting with diagonal 
concrete struts in compression, as shown in Figure 4 below:-

EC2 allows the designer to vary the angleϴ of the strut to obtain the 
most economical solution.   However an angle ϴ of 22° leads to low 
shear reinforcement (the minimum allowed in EC2) will give practical 
designs in most cases.   The highest angle of 45° leads to thin webs.



Figure 5 – Critical sections for a beam 
carrying shear



PROCEEDURE FOR CALCULATING 
SHEAR LINKS - 1



PROCEEDURE FOR CALCULATING 
SHEAR LINKS - 2



DESIGN OF SLABS FOR SHEAR – 1 ULS



DESIGN OF SLABS FOR SHEAR – 2 ULS



Sizes and reinforcement of 
columns - 1

Where possible it will generally be best to use ‘stocky columns’ (i.e. generally for typical 

columns for which the ratio of the effective height to the least lateral dimension does not exceed 
15) as this will avoid the necessity of designing for the effects of slenderness. Slenderness effects 
can normally be neglected in non-sway structures where the ratio of the effective height to the 
least lateral dimension of the column is less than 15. For the purpose of initial design, the 
effective height of a braced column may be taken as 0.85 times the storey height.

The columns should be designed as axially loaded, but to compensate for the effect of 
eccentricities, the ultimate load from the floor immediately above the column being considered 
should be multiplied by the factors listed below:
• For columns loaded by beams and/or slabs of similar stiffness on both sides 

of the column in two directions at right-angles to each other, e.g. Some 
internal columns. 1.25

•      For columns loaded in two directions at right-angles to each other by
unbalanced beams and/or slabs, e.g. corner columns. 2.00

•       In all other cases, e.g. façade columns. 1.50



Sizes and reinforcement of 
columns - 2

It is recommended that the columns are made the same size through at 
least the two topmost storeys, as the above factors may lead to 
inadequate sizes if applied to top storey columns for which the moments 
tend to be large in relation to the axial loads.
For the initial design of columns, the required cross-sectional area may 
be calculated by dividing the ultimate load by the selected equivalent 
‘stress’ given in Table 8. Alternatively, for a known column size the 

ultimate load capacity may be found by using the selected equivalent 
‘stress’.

When choosing the column dimensions, care should be taken to see that 
the column remains stocky, as defined above.



Sizes and reinforcement of columns - 3



Figure 7
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For precast concrete construction the width of slab should not exceed the
width of the loaded area +the width of 3 precast units, when there is no
topping or the width of 4 units where topping is at least 30mm thick. In
no case should the width be taken as extending more than 0.25L on either
side of the loaded area.



SPAN: DEPTH RATIOS FOR 
CONCRETE STRUCTURES

In the case of reinforced concrete the span:deflection ratio is taken 
over by span to depth ratios. The span-to-depth ratios of 20 for 
simply supported spans is based on a span-to-deflection ratio of 
1:250. 

From bending theory: 

Span/depth: L/d = 4.8 * E / ( fck * q )
Where q is the allowable span to deflection factor, which for 1/500 
works out at:
Span/depth = 4.8 * 28 kN/mm² / (25N/mm2*500) = 10.75
This as compared to the conventional 20 specified in EC2.









Example:- Beam design for 
bending ULS, deflection SLS and 

shear ULS



Calculations for The Example - 1



Calculations for The Example - 2



Calculations for The Example - 3
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SERVICEABILITY LIMIT STATES 
FOR BUILDINGS EC3 - 1

Vertical deflections
With reference to EN 1990 – Annex A1.4 limits for vertical deflections according to 
Figure 1 below:-

If the functioning or damage of the structure or to finishes, or to non-structural
members (e.g. partition walls, claddings) is being considered, the verification for
Deflection should take account of those effects of permanent and variable actions that
occur after the execution of the member or finish concerned. This should be specified
for each project and agreed with client.



SERVICEABILITY LIMIT STATES 
FOR BUILDINGS EC3 - 2

The national Annex may specify the limits for deflection.
NOTE Guidance on which expression (6.14a) to (6.16b) to use is given in 6.5.3 and 
EN 1992 to EN 1999,  (refer also to Course A Module 2 Slide 14)

Dynamic effects
(1)B With reference to EN 1990 – Annex A1.4.4 the vibrations 
of structures on which the public can walk should be limited to 
avoid significant discomfort to users, and limits should be 
specified for each project and agreed with the client.
The National Annex may specify limits for vibration of floors.



VIBRATIONS ECO
(1) To achieve satisfactory vibration behaviour of buildings and their 
structural members under serviceability conditions, the following aspects, 
amongst others,
should be considered :
a) the comfort of the user;
b) the functioning of the structure or its structural members (e.g. cracks in 
partitions, damage to cladding, sensitivity of building contents to 
vibrations).   Other aspects should be considered for each project and 
agreed with the client.

(2) For the serviceability limit state of a structure or a structural member 
not to be
exceeded when subjected to vibrations, the natural frequency of vibrations 
of the
structure or structural member should be kept above appropriate values 
which depend upon the function of the building and the source of the 
vibration, and agreed with the client and/or the relevant authority.



VIBRATIONS ECO - Continued

(3) If the natural frequency of vibrations of the structure is lower than the 
appropriate value, a more refined analysis of the dynamic response of the 
structure, including the consideration of damping, should be performed. 

NOTE For further guidance, see EN 1991-1-1, EN 1991-1-4 and ISO 
10137.

(4) Possible sources of vibration that should be considered include
walking, synchronised movements of people, machinery, ground borne
vibrations from traffic, and wind actions. These, and other sources,
should be specified for each project and agreed with the client.



The Institution’s Manual for the design of 
steelwork building structures to EC35 

notes the following on vibration criteria:

• The fundamental frequency of floors in dwellings and offices
should not be less than three cycles/second. This may be
deemed to be satisfied when the total deflection is less than
28mm.

• The fundamental frequency of floors used for dancing and
gymnasia should not be less than five cycles/second. This may
be deemed to be satisfied when the total deflection is less than
10mm.



SUPPORT ROTATION 
CALCULATIONS

For a uniformly distributed load w acting on a simply supported
girder of effective span l, the end rotation θ is

θ = (wl3/EI)/24 (1)

And the mid-span deflection divided by the span length, the
span deflection ratio Δ/l, is

Δ/l = (5wl3/EI)/384 (2)

Where EI is the flexural rigidity of the structural material.
The ratio between equations 1 and 2 works out at:

θ = 3.2 x deflection-to-span ratio (3)



SUPPORT ROTATION 
CALCULATIONS (CONTINUED)

EC0 Basis of Structural Design quotes rotations varying
within the same limits. EN codes on bearings make various
references to rotations, however specific and clear criteria may 
be gleaned from a PCI report3, where a simplified method 
catering for rotation in bearing pad design is suggested.

The alloweable plastic rotation is then given at 0.015rad and
0.035rad varying on the grade of concrete and steel adopted.



DESIGN OF BEARING PADS
The amount of bearing length required is relative to a number of considerations
including span, loading and type of support. Detailed requirements of bearings take
account of bearing stresses, possible spalling of support and of the supported member,
and construction inaccuracies.

1/-Min. bearing related to bearing stress 

2/- Spalling of masonry support 25mm

3/-Allowance for construction inaccuracies

A minimum bearing length of 75mm is specified if bearing on steelwork or concrete of
minimum Grade 30, whilst on masonry this increases to 100mm. An elastomeric strip
bearing has adequate rotational capacity at the support. What can however, be stated
for dry pack mortar with respect to its rotational capacity?

Readings suggest that mortars in light weight material have a better rotational capacity.
Tests carried out on samples indicate that these mortars work satisfactorily for semi
rigid design.



DESIGN OF BEARING PADS TO 
EC 2/1

fRd = 0,4 fcd for dry connections (see 10.9.4.3 (3) for definition)
fRd = fbed ≤ 0,85 fcd for all other cases
where
fcd is the lower of the design strengths for supported and supporting member
fbed is the design strength of bedding material



DESIGN OF BEARING PADS TO 
EC 2/2








