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ABSTRACT

Ingress of deleterious agents from the environment causes deterioration of concrete 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 dufability. Tests available for assessment of permeation characteristics such as Initial Surface Absorption, Figg
Permeation and Covercrete Absorption are 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
nortars of several 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
and/or chemical actions within its internal structure possibly
leading to irreversible damage (Basheer et al. 1993). Hence, the
surface and near surface permeation characteristics, rather than

the mechanical properties are the important factors for concrete -

durability.

The permeatien characteristics can be assessed using
tests such as Initial Surface Absorption (ISAT) (Levitt, 1969),
Figg Permeation Methods (Figg, 1972) and Cover concrete
(Covercrete) Absorption test (CAT) (Dhir, 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.

i
.

1.2 INITIAL SURFACE ABSORPTION TEST (ISAT)

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 ISAT apparatus is shown in figure 1. 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 mm?. The cap is capable of being sealed to the concrete
surface to withstand a small pressure of 202 N/m? (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.
Dhir et al (1987) used a ‘model air craft engine elastic' similar to
an elastic band to provide better scal 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 possible inconsistency in the manual injection

of water 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 e 30 x S0 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 COVER CONCRETE “COVERCRETE"
ABSORPTION TEST (CAT)

Dhir 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 ISAT 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.

L.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? when tested after water
soaking for 2 days gave an ISA value of 0.25ml/m?¥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 ml/m?¥s which is
classified as high sorptivity (Dhir 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. Dhir et al (1993) presented
a technique for preconditioning concrete prior to the application
of ISAT. The technique is based on drying the concrete surface by
withdrawing moisture using a vacuum pump. The vacuum is
applied to a modified ISAT cap containing silica gel granules
which turn 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 10 minutes from the release of
vacuum pilot. In situ trials have shown that the test procedures
reproducible results, is npn destructive and simple.to operate.

Shaaban and El Sayad (1994) applied the same vacuum technique
to precondition samples for the API and CAT tests. It was
reported that applying.(hc vacuum directly to the hypodermic
needle or the cap in APY and CAT respectively, leads to better
reproducibility in the results. However, the vacuum technique was
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“ound to |~ less sensit o with API o0 CAT thar with [SAT,
The authors attributed this to the nature of the forme:r tests which
introduce drilled holes in concrete 2nd  therefor~ the

heterugeneity of (o cavity mo. affect the ricasurements
1.6 CSENT & DY

The gu- 1y of near «~ ace concre: differs wic-' - o’
the moulded (concrete in contact with formwork) and the
nmoulde: (open sur of concr ) surfaces  Pore siz

distributions of mortar in near surface concicle and the
carbonation depths at the mou'<ed and the vnmoulded surfaces
of wvarious eoncicles exposcd for two yeurs it the tropical
environment of Singapore ai¢ reported in this paper

S

2.0 EXPERIMENTAL DETAILS

Concrete panels of varying grades were cast and cured
nwater {8 ddys. T panelswer henexpost Tor 2 year
at two sites in Singapore, namely (i) a rooftop at the National
University of Sinzapore (NUSwhich is an inland locaticn, and
(i) the East Coast Park which v us bordering on the ocean, The
concrete ronels numberad 1, 2,30 98,9, 10 and 11 were
exposed at L.c East Coat. ark, whereo panels nurni.cred 3, 4, 0,

7, 12 and 13 were exposed at the NUS roof top.

%

After the 2 years exposure, the panels were returned to

‘he labor: v and the onation ¢ hs measu 2t both th
moulded surface and the unmoulded surface. The
phthalein tcst was use! to determine the carbonation

~depth. The phenoiphthalein test is the simplest test among all the
tests avai'“hle for meacring carbor-on depth. Tt also give:
immediatc indication wud is an incication of the useful life
naining in existing structures. Phenolphthalein is a colourless
acid/hase indicaior which ture purple whes
value in the range of 8.4 to 9.8, that is, when the concrete is
alkaline. - phenol; ieinis pro red as a solution |
70% ethyl alcohol. The solution is sprayed onto a freshly broken
suriice which has been cleanc © »7 dust and [~ose particles The
measurement is carried out immediately after the broken surface
has been ~~posed, alk:'ne areas of concrete turing a vivid
purple cowur. I no coioration occurs, carbonatiun has taken
place and thus the depth of the carbonated surface layer can be

measured, The main limitaticn of this test s that the procedure
will cause localised surface damage and this method provides
only an i cationof {1 cxtentof ¢ onation.

Mortar wieces were - racted from the two regons of
each concrete panel for pore size distribuition measurements using
2 mercur nososimeter Micromeri' o Poresizer | 120) whic
covered the pore diameter raige from approximately 360 fo
0.006 g Itshould be crmiphasised “hat it was o' the morta:
that was u.od for the po osity deterninations,

The poomsizer meaes the volo se distribui on of
pores in materials by mercury intrusion or extrusion, Mercury
porosim: is bascc on capill law gove ing liqul
penetration into small pores. This law, in the case of non-wetting
lic like mere v and ¢yl rical pores - expressec © v the
Washburn {1921 ] equation:
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the pH is above a »

1 = 47 cosif
ere equivalen: Ciameter of 2z intruded pores
. Y = surfacegension of mercury
) = an of contac:  “tween the  creury ar e
pore walls
P pressure which 2 iven incroental of
mercury intrudes into the pore system
The voluimic of mercuiy, V, pencirating pores is
zasured direci!y as a function of applied pressure and this serves
a unique cizracterization of pore pressure. Pores are rarely

cylindrical, hence the above equation constitutes a special model

which v not best esent porc. o actual mo _rials. Hov  ver
lts use is-generally accepted as the pracucal means for trcatmg

fat, otherwise would be # mmost compics problem.
Inthese st cs, asampl . be tested rst broker o

smaller pieces and then drlcd in an oven for at least 24 hours.
When cooled, i1z specimen is then put inio the penetrorister to be
inserted into one of the pressure ports. As mercury is non-wetting
to most materials, it will not peretrate into the pores without
hydros. ¢ pressure. . liese prope: s cause a i cury surfa . in
contact with 2 solid fo assume the minimum surface area and
sgest radius of curvatuic possible at = given pressure. An
increase in pressure on the mercury shifts the balance between
surfacc . nsion and weareac:  ngtherad  of curvat f
the mercury contacting the solid to become smaller. When the
radiusisequal o that of a pore entrance, mercury fills the volume
within the pore. Thus after evacuating the sample, pressure is
appliec 0 force the ercury inte e pores of "he sample. The
volumec ol mercury poctrating the pores was measured directy as
2 'mctlon of applied pressure. Asthe prf"nrc increasts mcrcury
irudes into sina e : :
low and high pressure to ensure full intrusion of mcrcury Once
the int ionof the “rcury has n comple
released to extrude the mercury from the pores.

the press.  is

The surface tension of the mercury was taken as 0,485
N.m™ =4 the advaring contact ~ngle is assied to be 177.0Y
{1993]. Upon compiciion of the process, the foliowing paramiciers
were determined:

i) total intrusion volume

it) total | = area

iii) median pore diameter

iv} sverage pore Jiameter

v) apparent and bulk density

In the rest'ts section v~ present or'~ the result= for
median pore diametc

RE-ULTS ANI DISCUSSI

Figure 3(- hows the ts of the 1 an'diame’ for

both the unmoulded and moulded samples. Figure 3(b) shows the
ipective ¢ omation der s of both 1+ unmoulde: ayers and
moulded layers for the same 13 samples. Figure 3(a) shows that
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Fig.3(b) Carbonation depth vs concrete samples
e (moulded and unmoulded layers)
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for 11 of the (3 samples, the median pore viametes for tie
unmouldes sampios (with arger « rbonat on depih) are g:cater
than those of the moulded samnles (smaller ca~bonatinn depth).
The results shown in'the two figures confirm that the unmoulded
regions, wiwre larger carbonation < pths voore found, have iarger
pore s’ zaswc | Figuo 3(a), " can b centh: them: lian pc
diameter of the moulded layers of (wo samples. are slightly
greater than that of the unmoulded layers. This could be due to
the fa ! that « ¢ pore. of the carbor ted coocrete [ive be
recuced as 2 result of the formatic: of son:c calcium carbonate,
On the other hand, for the 11 samples wherebv the median pore
diameter of the unmoulded concrete is greater than the moulded
concrete, :he calcium carbonat. produced in the lugely
sarbor “ted ur nouglde ' concr ‘e ma not be large Tough
result in a median pore diameter smaller than that in the less
carbonated moulded concrete. Tt is suggested that a petrographic
examiiation oe don. in conjuncoon weh the mercu
perosimet test to confire: this he hothes!

At a given humidity pores ol a specilic size are filled
witl: water. Inacompletely dry concrete there is no water 1o the
pores nd her = carbe 1 diox' e canr ot react 1fa ¢ ncrete
completely saturated, th; carbon dioxide has {o dissolve in the
pore water, diffuse through the porcs, reach thé concrete beyond
the car _onatior: front, ...d ther react; L.isalso 5 aslo. proce. .
As aresult, when pores are ot sate ated bui have only a laver of
moisture on their walls, carhon diovide can rapidly diffuse
throughn the pores and react on the moist pore wall surfaces. This
explains how porc size of mortar in near surface concreie can
influe “e carb nation  nder o “iven 2 nosphe ic contion.

4.0 CONCLUSIONS

1. Pore sivos in the mort s of the mouided and the
unmotulded surfaces of a concrete are different,  Unmoulded
region have larger pores.

2. Car "natiorn rates o the mic wlded a4 the v mould
surface, of a concrete are different. Unmoulded regions have
higher carbonation depths.

3 Higher carbonaion rat: concroic is associated with
larger nores of the mortar in the concrete.
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