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Modern seismic design codes, which are based on capacity design 
concepts, allow formation of plastic hinges in specified locations in a 
structure. This requires reliable estimation of strength of different 
components so that the desired strength hierarchy can be ensured 
to guarantee the formation of plastic hinges in the ductile elements 
(i.e. beams). Strength of longitudinal reinforcing bars governs the 
strength of reinforced concrete elements, and strain-ageing, which 
has significant effect on the strength of reinforcing bars, should be 
given due consideration in capacity design. Strain-ageing can 
increase the yield strength of reinforcing steel bars, which 
consequently increases the strength of the plastic hinges; thereby 
forcing an unfavorable mechanism (such as strong beam-weak 
column) to take place in subsequent excitations. 

INTRODUCTION: 

OBJECTIVE: 
The strain-ageing effect on reinforcing steel bars commonly used in 
New Zealand is investigated for different levels of pre-strain, and the 
results are discussed focusing on possible implications for seismic 
design provisions. 

EXPERIMENTAL INVESTIGATION: 
• Monotonic tensile tests of PACIFIC STEELTM Grade300 steel 

reinforcing bars commonly used in New Zealand.  

•  16mm diameter specimens; 500mm measurement length. 

•  The specimens (53 in total) were tested to different pre-strain levels 
(from 2εy to 15εy) and stored for different times (up to 50 days) 
before being retested in axial tension. 

• No brittleness was observed in the strain-aged specimens. 

• No strain-ageing was observed for small pre-strain levels.  

• Even for large pre-strain levels, strain-ageing effect was insignificant 
during the first 15 days.  

• For a pre-strain level of 10εy, the yield strength increased by about 
13% after 50 days, and this increase was higher (about 26%) for 
specimens tested with a pre-strain level of 15εy. 

RESULTS & DISCUSSION: 

The strain-ageing phenomenon does exist for the investigated New Zealand reinforcing steel bars. The effect is most pronounced when steel bars 
are subjected to a high residual strain and then exposed again to plastic loading after a long time. In contrast, reinforcing bars with low residual 
strain subjected to inelastic action after a short time (up to a few days) are not influenced by strain-ageing.  

Since the design working life of a seismic retrofitted structure may be years not days and modern capacity design approach allows reasonable 
damage to occur in moderate earthquakes, it is strongly suggested to consider the effect of strain-ageing on reinforcing steel bars used in concrete 
structure members. 

Although the extent of effect of strain aging depends on the level of damage of the structure after a strong earthquake, for adoption in seismic 
retrofitting measures it can be concluded that the engineer needs to take into account an increase of yield strength of about 15%. Several long-term 
tests are required to quantify the strain-ageing effect more precisely. 

CONCLUSION:  Variation of yield strength with time for different pre-strain levels  
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