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ABSTRACf 

Ingress of deleterious agents from the environment causes deterioration ofconcrete and loss of its durability. Since the ingress takes place through the 
surface, characteristics of the near surface concrete has become an important issue in recent years. The permeation characteristics of near surface concrete 
are greatly responsible for concrete dutability. Tests available for assessment of permeation characteristics such as Initial Surface Absorption, Figg 
Permeation and Covercrete Absorption arc discussed in the introductory part of this paper. The pore size distribution of the mortar in the near surface 
concrete is considered an important parameter governing the durability of the concrete. Simultaneous measurement of pore size distribution by mercury 
porosimetry and carbonation-rate by phenolphthalein test was made on samples exposed outside in the tropical marine environment of Singapore. The 
carbonation rate is then delineated with pore size distribution. Results of this pore size distribution and carbonation rate measurements in near surface 
aortars ofseveral concretes are reported in this paper. 



1.0 	 INTRODUCTION 

1.1 	 GENERAL 

The deterioration of concrete usually involves 
movement of aggressive gases and/or liquids from the 
surrounding environment into concrete, followed by physical 
andlor chemical actions within its internal structure possibly 
leading to irreversible damage (Basheer et al. 1993). Hence, the 
surface and near surf~ce permeation characteristics, rather than 
the mechanical properties are the important factors for concrete 
durability . 

The permeatH3n characteristics can be assessed using 
tests such as Initial Surface Absorption (ISA T) (Levitt, 1969), 
Figg Permeation Methods (Figg, 1972) and Cover concrete 
(Covercrete) Absorption test (CAT) (Ohir, 1987). . 

Dhir et al (1989) showed that the potential depth of 
carbonation may be predicted from the Figg Air Index. 
Moreover, Dhir et al (1991) demonstrated that even mechanical 
properties such as the abrasion resistance of concrete correlated 
to the ISAT ·results as both tests assess the quality of cover 
concrete. 

1.2 	 INITIAL SURFACE AI3S0RPTION TEST (IS AT) 

ISAT was developed by Levitt (1969) as a quality 
control test for precast concrete tiles and kerbs. It is described in 
detail in BS 1881': Part 5: 1970. The revised version issued in 
1983 (BS 1881: Part 122) has only minor changes. 

The ISA T apparatus is shown in figure I. It consists of 
a U-tube type structure with an opening at the bottom in the form 
of a circular cap (diameter 90mm) with surface area greater than 
5000 mm2• The cap is capable of being sealed to the concrete 
surface to withstand a small pressure of 202 N/m1 (200mm head 
of water) by means of a clamp. Chan (1986) modified the ISAT 
apparatus to make it more compact, portable and easier to use. 
Ohir et a! (1987) used a 'model air craft engine elastic' similar to 
an elastic band to provide better seal for the cap on the concrete 
surface. The ISAT cap was further modified by Byars (1991) by 
introducing a slope to the roof in order to flush the air bubbles 
rapidly prior to testing. One of the open ends of the U-tube is 
fitted with a reservoir which can be isolated from the system. 
The other is attached to a calibrated capillary tube supported 
horizontally by a frame 200mm above the concrete surface. The 
system is filled with water expelling any air bubbles. The 
amount of water absorbed by the concrete surface per minute 
(ISA value) is measured at 10, 30,60 and 120 minutes. 

1.3 	 FIGG AIR PERMEATION INDEX (API) 

Figg (1973) described the development of a test for air 
and water permeability of the cover concrete. Cather et al (1984) 
modified the test technique in order to make it more applicable 
on site. Dhir et al (1987) reported a problem in using the Figg 
water test due to possi.ble inconsistency in the manual injection 

of wate~ in concrete . .It was concluded that the test is unreliable. 

In the same publication, the Figg Air Test was modified 
to give more repeatable results. 

In the API test apparatus a hole of 0 30 x 50 mm is 
drilled in the concrete surface. A polythene disc bridge and silicon 
rubber are inserted to block off the top 20 mm of the hole. During 
the test air is evacuated from the test cavity using a hypodermic 
needle connected to a hand vacuum pump (55 KPA below 
atmospheric pressure). The elapsed time for the pressure to 

. increase from 55 to 45 KPA below atmospheric pressure is 
considered an index of the air permeability of concrete. 

1.4 	 COYER CONCRETE "COYERCRETE" 

ABSORPTION TEST (CAT) 


Ohir et al (1987) developed CAT in order to test the first 
50 mm of the concrete cover to the reinforcement. A hole similar 
to that drilled in the API is used. A basic ISA T set-up is used but 
with a 13 mm internal diameter cap. An inlet tube located inside 
the sealed hole is used to supply water to the hole as shown in 
figure 2. The procedure for CAT is similar to that for ISAT. 

1.5 	 APPLICATION OF THE PREMEATION TESTS 
IN SITU 

The effect of the moisture content of concrete on the 
permeation test results is considerable. For example a concrete 
sample with a strength ·of 30 N/mm 2 when tested after water 
soaking for 2 days gave an ISA value of 0.25mllm2/s. This is 
classified as low sorptivity concrete in accordance with the 
concrete society recommendations (1986). 

If, however, the same sample is tested after a long period 
of air drying, the measured ISA value was 50 mllm2/s which is 
classified as high sorptivity (Ohir et al 1987). Despite this, there 
is no standard preconditioning method which is suitable for both 
laboratory and in situ applications. BS 1881: parts: 1970 
recommends two days air drying as a preconditioning method for 

. in situ concrete. The obvious variations in exposure to sun. wind 
and rain makes this approach unviable.Ohir et al (1993) presented 
a technique for preconditioning concrete prior to the application 
of ISA T. The technique is based on drying the concrete surface by 
withdrawing moisture using a vacuum pump. The vacuum is 
applied to a modified ISA T cap containing silica gel granules 
which tum from pink to blue as the drying process proceeds. After 
drying is completed, the ISAT may be carried out in situ by fixing 
the cap to the structural member using suction cups. The 
measurements must be taken within 1'0 minutes from the release of 
vacuum pilot. In situ trials have shown that the test procedures 
reproducibl.e results, is rwn destructive and simple.to operate. 

Shaaban and EI Sayad (1994) applied the same vacuum technique 
to precondition samples for the API and CAT tests. It was 
reported that applyin~the vacuum directly to the hypodermic 
needle or the cap in Art and CAT respectively, leads to better 
reproducibility in the results. However, the vacuum technique was 
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Fig.3(a) Median pore diameter vs concrete samples 

(moulded and unmoulded layers) 
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Fig.3(b) Carbonation depth vs concrete samples 
(moulded and unmoulded l ayers ) 
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