
Determining load combinations for design  

We should find the load combination that causes the most severe stress resultants (load 

effects) – controls the structure for design  

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Ru: nominal ultimate strength 

Flexural Behaviour of Beams – Generals and Singly 

reinforced sections 

Beam: a beam is a member that supports transverse loads 

(perpendicular to its longitudinal axis) and transfers them to 

its supports. These supports may be another beam, or a 

column or a wall.  

Most reinforced concrete beams are cast in-situ and are cast together with a slab which 

they support.  

Beams are normally horizontal and usually have cross-sectional dimensions much smaller 

than their length.  

Assumptions:  

Sections perpendicular to the axis of 

bending that are plain before bending, 

remain after deformation 

The strain in the reinforcement is 

equal to the strain in the concrete at 

the same level – perfect bond 

The stresses in the concrete and 

reinforcement can be computed from 

the strains by using strain-stress curves for concrete and steel  

Strain will vary 

linearly  

Stress vs. strain 

relationship is 

non-linear after a 

strain of around 

0.001  

 

 

 

 

 

 

 

After the cracking condition, concrete will crack – when reaches f’ct 

Pc: force applied to concrete section 

Area of concrete = area of concrete – area of steel  

Psteel  (Ps): force applied to steel = area of steel x stress of steel 



Concrete can resist some tension before cracks, once a crack occurs, concrete can no 

longer carry tension, all the tensile forces are carried by steel → we need a minimum 

amount of steel that can resist these sudden changes  

The tensile strength of concrete is neglected after cracking  

Stresses can be computed from the stress/strain curve 

A simply reinforced section: means that the reinforcements are placed in the tensile 

places  

 

A small transverse load placed on a simply supported reinforced concrete beam gradually 

increases until beam failure. This loading causes positive bending moment – tension steel 

in bottom.  

What are the three distinct stage a beam will go through before collapse occurs? 

1. Stage 1: the uncracked concrete stage 

2. Stage 2: the concrete cracked – elastic strength stage 

3. Stage 3: the ultimate strength stage (need to calculate ultimate moment) – concrete 

is no longer linear  

Stage 1 

Describe stage 1 

• The uncracked concrete stage – linear elastic – can use Hooke’s law 

• At small loads, when the tensile stresses are less than the modulus of rupture (f’ct.f), 

the entire cross section of the beam resists bending 

• Standard bending theory can be used 

• Compression develops on top side and tension on the bottom (for positive moments) 

• Neutral axis passes through the centroid 

• Moment of inertia (second moment of area) of gross section is used 

What is the modular ratio method (transformed area method)? 

This method is a computational technique that allows for the conversion of a member’s 

cross section constructed from any number of different materials, with differing elastic 

moduli, into an ‘equivalent’ section consisting of a single homogenous material. It is only 

valid in the linear elastic region.  

➔ Transform steel into equivalent area of concrete. Steel is much stiffer than concrete, 

so increase the area of steel to transform to concrete 

The force equilibrium method can be applied to any region  

Cc: 

compression 

forces 

Ts: tensile 

forces from 

steel 

Tc: tensile 

forces from 

concrete 



Ig: second moment of area  

Above the neutral axis is compression, below the neutral axis is tension 

Cracks propagate onto the neutral axis  

Describe stage 2 

• Concrete is cracked – elastic stage 

• As load is increased, the modulus of rupture of the concrete is exceeded and cracks 

develop in the bottom of the beam (for positive bending) 

• Cracking moment: the moment at which tensile stress in the bottom of the beam equals 

the modulus of rupture (i.e. when cracks begin to form) – referred to as the cracking 

moment Mcr 

• As load is further increased, cracks quickly spread closer to the neutral axis, which 

then begins to move upward 

• The cracks occur at all places along the beam where the actual moment is greater 

than the cracking moment  

From stage 1 to stage 2 there is a sudden increase in the curvature value  

Describe stage 3 

• Ultimate strength stage, non-linear 

• Must use force equilibrium method 

• As load increases further, compression stresses are greater than the proportional 

region in strain-stress curve for concrete (around 0.7f’c), cracks and neutral axis move 

further upward 

• Concrete compressive stresses begin to change appreciably from linear to curved, 

and reinforcing bars yield 

• From the measured compressive strain in concrete and tensile strain in steel, the 

relationship between the bending moment and the curvature can be tracked up to 

failure 

What are the three types of failure that exist? 

• Over-reinforced section: Concrete reaches an ultimate strain (a maximum useable 

strain limit) before the yield of steel. This is when the concrete in compression starts 

falling apart – failure is very sudden and brittle  

• Under-reinforced section: Steel reaches yield strength before concrete reaches its 

ultimate strain →preferable, failure is ductile, large deformations occur before 

concrete crushing, after yielding the steel tensile force remains constant 

• Balanced section: Steel reaches yield limit at the same time as concrete reaches its 

ultimate strain → failure is sudden and brittle   

 


