Lecture No. 27

Subject: Properties of Hardened Concrete - Permeability   

Objectives of Lecture:

· To explain permeability of concrete
Definition

Permeability is the ease with which liquids or gases can travel through concrete

The coefficient of permeability, K, of concrete (simply called as “permeability” in concrete technology) for steady-state flow of water through a sample of concrete is determined from Darcy’s expression:

dq/dt = K (A . ∆h/L)

Where

dq/dt = rate of flow of water through the sample

A 
   = cross-sectional area of the sample
∆h
   = drop in hydraulic head through the sample
L
   = thickness of the sample
Note: 

1. For a concrete, Kliquid water >> Kgases or water vapor
2. Due to interaction of the ions with cement paste 

Kplain water ≠ Kwater containing ions
Difference Between Permeability and Diffusivity

Permeability is the rate of flow of fluid (i.e. distance penetrated/time) through concrete

Diffusivity is the rate of diffusion of ions through water-filled pores of concrete

Significance

· Permeability of concrete plays an important role in durability because it controls the rate of entry of moisture that may contain aggressive chemicals and the movement of water during heating or freezing. Higher the permeability lesser will be the durability

· Permeability of concrete is of interest also in relation to the water-tightness of liquid-retaining structures. Higher the permeability lesser will be the water-tightness

Factors affecting concrete permeability

· For concrete containing dense aggregate, permeability of concrete is governed by permeability of the cement paste

· Permeability of cement paste primarily depends upon its porosity, as shown in the following Fig.:

· As can be observed from the above Fig., the paste permeability is very low at and below a paste porosity of 30%. A small increase in porosity above around 30% causes a steep increase in the permeability

· From the above fact it is clear that decreasing porosity of paste up to a typical value of 30% is highly beneficial in decreasing the permeability. Causing any decrease in porosity below this typical value is not accompanied by a substantial decrease in the permeability    

· Since porosity of a cement paste depends on the w/c ratio and the age (due to their effect on gel/space ratio) of the cement paste, these factors affect the paste permeability and therefore the concrete permeability
· Following Figures show the effect of w/c ratio on permeability of sufficiently hydrated (i.e. matured) paste and concrete 

· For a given w/c ratio, the permeability decreases with age as the cement continues to hydrate and fills some of the original water space (refer the following Fig.), the reduction in permeability being faster at the lower w/c ratio 

· Besides porosity of the paste, segmentation of capillary pores is another major factor, which affects the permeability

· For the same porosity of a paste, the permeability will be lesser in case of capillary pores being segmented disrupting the continuity of pores, as compared to the case of interconnected capillary pores, as shown in the following Fig.:

· A mix with a low w/c ratio is advantageous because the stage at which the capillaries become segmented is achieved after a shorter period of curing
Recommended values of w/c ratio and K

ACI Standard 301-89 suggests that:

w/c ratio ( 0.48 for exposure to fresh water

w/c ratio ( 0.44 for exposure to sea water

K( 1.5 × 10-11 m/s
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