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Introduction

• Deterioration of concrete structures is a serious problem 
mainly due to the ingress of aggressive agents into concrete 
which leads to the corrosion of reinforcements

• Water is the most significant fluid that flows through concrete 
and it is the chief agent for soluble aggressive ions that cause 
the chemical degradation of concrete

• This ingress depends largely on the number, size , distribution
and interconnectivity of the pores and cracks in concrete. 
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How Serious Is It?
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Transport Mechanisms…(1)

1- Permeability
Transport of fluids through concrete due to 

pressure gradient

Darcy’s Law (Steady State Condition): Permeability Coefficient (K) 

2- Diffusion

Transport of fluids through concrete due to ionic 
concentration gradient

Fick’s second law: Diffusion Coefficient (Dc)
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Transport Mechanisms…(2)
3- Absorption

Transport of fluids through concrete due to moisture gradient

4- Migration

Transport of fluids through concrete due to electrical potential gradient

5-Capillary Suction

Transport of fluids through concrete due to action of surface tension

6- Combined Mechanisms



Steady state condition

• Steady state refers to the condition where the 
fluid properties such as temperature, pressure 
and velocity at any single point in the system do 
not change over time

• One of the most significant properties of a steady 
state flow system is the system constant mass 
flow rate
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Effect of Stress on Permeability…(1)

• Concrete structures are subjected to different 
types of distress (mechanical, thermal and 
chemical)

• The applied load promotes crack growth and 
interconnectivity of the cracks and in turn 
increases permeability of concrete

• Permeability in concrete affects the available 
oxygen and moisture around the reinforcement 
and thus quickens the rate of reinforcement 
corrosion
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• Transport properties, fracture mechanisms, 
effect of temperature variation and corrosion 
of reinforcement of concrete has been widely 
studied separately in the past

• Several standard techniques and test methods 
have been standardized to measure the 
permeability of concrete independent of 
stress 

Effect of Stress on Permeability …(2)
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• Very few studies have been done on the 
simultaneous effect of mechanical stress on 
transport properties of reinforced concrete  
which structures are faced in reality

• There is no standard test method to evaluate 
the permeability of concrete under stress

Effect of Stress on Permeability …(3)
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Important parameters

• Effect of  load type

• Effect of load level

• Effect of loading history

• Effect of crack dimensions

• Effect of concrete mix design

11



Summary o f Test Methods
(Hoseini, Bindiganavile & Banthia, “Cement & Concrete Composites”, 2009)
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Ultrasonic Wave Velocity

• Very useful to relate permeability 
measurements to a NDT (Non Destructive 
Test). 

• Ultrasonic wave propagation in concrete is 
dependent on the extent of microcracks

• Many studies exist that relate the ultrasonic 
velocity to concrete microstructure (porosity, 
permeability)

• Again, very limited data for concrete under 
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Experimental Program
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Development of the Permeability Cell…(1)

• Adapted from permeability cell developed at 
the University of British Columbia:

- N. Banthia, A. Biparva, S. Mindess, “Permeability of

Concrete Under Stress”, Cement & Concrete Research, Vol. 35,
2005, pp. 1651-1655

• Improvement at the University of Alberta: 

The system now monitors the onset of steady 
state condition
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Steady State Condition

• Steady State Condition 
Defined as: in any two 
consecutive time intervals, 
the weight of collected 
water in the flask should be 
the same, or practically, 
with the difference less 
than 5% of previously 
recorded value.
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Measuring Wave Velocity…(1)

• Measuring longitudinal 
ultrasonic wave velocity 
with a commercially 
available meter 
designed for concrete

• On cube specimens 
150mm*150mm

• At load levels of 0%, 
25%, 50%, 75% & 90% 
of ultimate load
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Measuring Wave Velocity…(2)
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Mix Designs

Material Ratio

Mortar Type S 1

Sand 3

Water 0.5

SP 1% Of Mortar Cement

Fibre (PP) 0.25% of Mix Volume

23



Load levels

• Load levels: 0, 25%, 50%, 75% & 90% of 
ultimate load

• Ultrasonic wave velocities were also 
performed on the same load levels as above 
for each specimen
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Results
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Variation of Permeability by Changing Load 
Levels
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Variation of Ultrasonic Wave Velocity by 
Changing Load Levels
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Variation of Ultrasonic Wave Velocity by 
Changing Load Levels
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Conclusions…(1)
• Up to 70% of ultimate stress, the specimens 

containing fiber have much less permeability than 
the reference specimens while at the levels close to 
ultimate, probably due to dominant single large crack 
properties, the trend is changed.

• A threshold stress of between 20% to 30% of 
ultimate stress has been seen for masonry mortars in 
permeability tests while in ultrasonic tests this value 
is between 40% to 60 %(Microstructure changes 
more rapidly than Density)
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Conclusions…(2)

• The threshold stress for specimens containing 
fibers is slightly more than reference mixes in 
both permeability and ultrasonic tests.

• For specimens dried in lab, the bridging effect 
of fibers at high stress levels is clear.
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