
1 INTRODUCTION 
 
The more frequent than desirable durability prob-
lems found in concrete structures, mainly due to 
reinforcement depassivation and corrosion, chemi-
cal attack (e.g. sulfate attack), frost and thaw cy-
cles, have questioned traditional approaches on 
specification and control of concrete structures.  

Whilst the bearing capacity of a structural ele-
ment is the result of its integral behavior, its dura-
bility against aggressive environment agents basi-
cally depends on the performance of the relatively 
thin (20-50 mm) protective cover (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Concept of Concrete Surface Layer ("Covercrete") 
 
This cover layer must protect reinforcement 

against corrosion induced by carbonation or chlo-
rides and is also the most affected by chemical at-
tacks, frost damage, etc. Unfortunately it is the 
most strongly affected by bad compaction, finish-
ing and curing practices. Therefore, such essential 

surface layer turns out to be the one of poorest 
quality in the whole structural element. 

The classic hardened concrete criteria for speci-
fications and control are almost exclusively based 
on results from cast specimens that are not repre-
sentative of the real quality in the structure. 

So, the actual quality of such essential layer is 
usually ignored, which explains to a large extent 
the unsatisfactory performance of many structures, 
from a durability point of view. The basic concept 
of cover concrete as having different properties 
than those in the core of the structure, goes back to 
the 80’s (Kreijger, 1986, Newman, 1987, Meyer 
1987) and was included in the Model Code (CEB-
FIB, 1990), which already in 1990 stated: 

“There is no generally accepted method to 
characterize the pore structure of concrete and to 
relate it to its durability. However, several experi-
mental investigations have indicated that concrete 
permeability both with respect to air and to water 
is an excellent measure for the resistance of con-
crete against the ingress of aggressive media in the 
gaseous or in the liquid state and thus is a meas-
ure of the potential durability of a particular con-
crete." 

“There are at present no generally accepted 
methods for a rapid determination of concrete 
permeability and of limiting values for the perme-
ability of concrete exposed to different environ-
mental conditions. However, it is likely that such 
methods will become available in the future allow-
ing the classification of concrete on the basis of its 
permeability. Requirements for concrete permea-
bility may then be postulated; they would depend 
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the application of the method on site are summarized. Finally, the future prospective uses are discussed, both 
as quality control tool for new structures and for the condition assessment of existing structures. 
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on exposure classes i.e. environmental conditions 
to which the structure is exposed." 

“Though concrete of a high strength class is in 
most instances more durable than concrete of a 
lower strength class, compressive strength per se 
is not a complete measure of concrete durability, 
because durability primarily depends on the prop-
erties of the surface layers of a concrete member 
which have only a limited effect on concrete com-
pressive strength.” 

The quality of the cover concrete is the result, 
on one hand, of the chosen mix design and, on the 
other, of the care applied during concrete pro-
cessing (placement, compaction, finishing, curing, 
etc.). Therefore, it is obvious that tests on cast 
specimens, processed under very different condi-
tions from those in applied at the jobsite, would 
never provide a real and representative picture of 
the cover concrete (in short "covercrete" real quali-
ty. Hence, the only possibility is to measure it di-
rectly on the structure, preferably “in situ”) by us-
ing non-destructive methods, or on cores drilled 
from it. 

The so called “Torrent Method” measures the 
coefficient of permeability to air of the "cover-
crete", in a completely non-destructive manner. 
Therefore it aims directly at specifying and con-
trolling the "covercrete" quality of the end product: 
the finished structure. 

Twenty years after its creation, this paper pre-
sents a review of the method’s evolution and cur-
rent situation, included as a Swiss Standard Meth-
od (SIA 262/1-E, 2003). 

2 DESCRIPTION OF THE TEST METHOD 
 

The method serves to measure the coefficient of 
air-permeability of the cover concrete on site, in a 
non-destructive manner, and operates as follows 
(see Fig. 2): 

Vacuum is created inside the 2-chamber vacu-
um cell, which is sealed onto the concrete surface 
by means of a pair of soft rings, creating two sepa-
rate concentric chambers. 

At a time between 35 and 60 sec (with a vacu-
um of ca. 5 - 50 mbar, depending on the concrete, 
instrument, etc.) Valve 2 is closed and the pneu-
matic system of the inner chamber is isolated from 
the pump. The air in the pores of the material flows 
through the cover concrete into the inner chamber, 
raising its pressure Pi. The rate of pressure rise ∆Pi 
(measurement starts at to = 60 s) is directly linked 
to the coefficient of air-permeability of the cover 
concrete.  

A pressure regulator maintains the pressure of 
the external chamber permanently balanced with 
that of the inner chamber (Pe=Pi). Thus, a con-
trolled unidirectional flow into the inner chamber 
is ensured (Fig. 2b) and the coefficient of permea-
bility to air kT (m²) can be calculated as described 
below. A microprocessor stores the information 
and automatically calculates the air permeability 

coefficient value kT (m2), that is displayer at the 
end of the test. The end of the test occurs when ∆Pi 
rises by 20 mbar or, in cases of highly permeable 
concrete, after 6 or 12 minutes, depending on the 
instrument's brand, from the initiation of the test. 

Consequently, depending on the concrete per-
meability, the test may take from 2 to 6 minutes 
(12 min for one brand). The microprocessor is ca-
pable of storing many tests data and the infor-
mation can be transferred to a PC for further analy-
sis and filing. The function of Valve 1 is to restore 
the system for a new test by ventilating it with air 
at atmospheric pressure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a) 
 
 
 
 
 
 
 
 
b) 
Fig. 2. a) Sketch of test method; b) details of cell 
and air flow  

 
Since the geometry of air flow is well defined, it is 
possible to calculate the coefficient of permeability 
with Eq.  1, derived in (Torrent & Frenzer, 1995, 
Torrent, 2010). 

 
 

(1) 
 

where: 
kT:  coefficient of air-permeability (m²) 
Vc : volume of inner cell system (m³) 
A :  cross-sectional area of inner cell (m²) 
µ :  viscosity of air (= 2.0 . 10-5 Ns/m²) 
ε :  estimated porosity of the cover concrete (as-

sumed = 0.15) 
Pa : atmospheric pressure (N/m²)    
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∆Pi: pressure rise in the inner cell at the end of the 
test (N/m²) 

tf :  time (s) at the end of the test (2 to 6 or 12 min, 
depending on the instrument brand) 

to :  time (s) at the beginning of the test (= 60 s) 
 

The knowledge of kT allows the estimation of 
concrete depth affected by the test (typically be-
tween 10 and 50 mm), which is also indicated by 
the device. 

The air permeability kT is very sensitive to the 
"covercrete" microstructure, covering some 6 or-
ders of magnitude (0.001.10-16 to 100.10-16 m2). 

Table 1 shows the classification of concrete 
permeability (ages from 28 to 180 days) as func-
tion of kT. 

 
Table 1.  Concrete Permeability Classes 

Class kT (10-16 m2 ) Permeability 
PK1 < 0.01 Very Low 
PK2 0.01 – 0.10 Low  
PK3 0.10 – 1.0 Moderate 
PK4 1.0 –10 High 
PK5 > 10 Very High 

3 MILESTONES IN THE DEVELOPMENT, 
APPLICATION AND STANDARDIZATION 
OF THE METHOD 

Year Milestone 
1990 Torrent (1992) develops the method at “Holder-

bank Management & Consulting Ltd.” Switzer-
land, creating the first prototype 

 
 

91-93 

Torrent & Ebensperger (1993) conduct a compre-
hensive laboratory tests program, sponsored by the 
Swiss Federal Highway Administration, evaluating 
the improved performance of a second prototype. 
First preliminary “in situ” tests. Proposal of com-
bining kT with electrical resistivity measurement 

 
 

93-95 

Proceq S.A, develops a third prototype intended 
for commercialization, with which Torrent and 
Frenzer (1995) conduct “in situ” tests at job sites 
(tunnels and several bridges),  sponsored by the 
Swiss Federal Highway Administration. The defin-
itive Eq. 1 is derived and the combined use with 
the electrical resistivity is improved by means of a 
Nomogram. 

1995 Proceq S.A. launches into the market a commercial 
instrument based on the third prototype, branded 
“Torrent Permeability Tester” (2011) 

2003 Method is adopted as Swiss Standard (SIA 262/1-
E, 2003) 

2004 First application to measure permeability of rocks 
Bueno (2004) 

2005 RILEM 189-NEC Recommendation. Best per-
former of a comparative test using other methods 
Romer (2005) 

2008 Material Advanced Services S.R.L. launches into 
the market a new device branded PermeaTORR  
(2011) 

2009 Swiss Federal Highway Administration issue rec-
ommendations for site application. Jacobs et al 
(2009) 

About 100 publications worldwide referring to Torrent 
Method and applications. Torrent (2012).  

4 CORRELATION WITH OTHER 
TRANSPORT TESTS 

A detailed literature review allowed to collect 
comparative data of kT and of other well known 
methods employed to measure transport phenome-
na in concrete (Torrent, 2012). 

Figures 3 to 7 show some of the compiled re-
sults. 

Fgure 3 shows data of two South African Dura-
bility Indexes: Oxygen Permeability Index (OPI) 
and Cl- Conductivity and the corresponding kT re-
sults. The data correspond to mixes made with 
OPC (CEM I 42.5) and Limestone-Filler cement 
(CEM II/A-L 32.5). They show that kT, being en-
tirely non-destructive, has a good potential to be 
complementarily used with the South African In-
dexes (based on drilled cores). 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
Figure 3. Correlation between kT and South African Durabil-
ity Indices: a) Oxygen Permeability Index OPI; b) Cl- Con-
ductivity. Data from Romer and Leemann (2005).  
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Figure 4. Correlation between kT and capillary suction coef-
ficient at 24 h, after (SIA 262/1-A, 2003). Data from Torrent 
and Ebensperger (1993) and Torrent and Frenzer (1995). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Correlation between kT and Chloride Migration 
(ASTM C1202). Data from Romer (2005), Andrade et al. 
(2005), Kubens et al (2003), Mathur et al (2005), Kattar et al 
(1995, 1999), FHWA (2000), Fornasier et al. (2003) 

 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 6. Correlation between kT and Water Penetration un-
der pressure (EN12390-8/DIN1048). Data from Denarié et 
al (2004), Fernández Luco & Revuelta Crespo (2005), For-
nasier et al (2003), Di Pace et al (2008), Rodríguez de Sen-
sale et al (2005), Kattar et al (1995) and van Eijk (2009) 
 

Besides the good correlations, remarkable con-
sidering the diversity of transport mechanisms in-
volved and the wide diversity of data sources, it is 
important to highlight that the permeability classes 
based on kT (see Table 1) correspond quite well 
with those established by ASTM C1202 (Fig. 5). 

The results shown confirm that the kT value is a 
good durability indicator regarding the intrusion of 
aggressive agents in concrete structures by differ-
ent transport mechanisms. 

5 APPLICATION OF THE METHOD TO THE 
SPECIFICATION AND CONTROL OF NEW 
STRUCTURES 

The new Swiss Code of Concrete Construction 
(SIA 262, 2003) states: 

a) “with regard to durability, the quality of the 
cover concrete is of particular importance” 
b) “the impermeability of the cover concrete 
shall be checked, by means of permeability tests 
(e.g. air permeability measurements), on the 
structure or on cores taken from the structure”. 
 
Recently, the Swiss Federal Highways Admin-

istration issued "Recommendations for the quality 
control of concrete with air permeability measure-
ments" (Jacobs et al, 2009), comprising: 

o Sampling 
o Surface preparation 
o Temperature and Moisture conditions of the 

concrete for meaningful measurements 
o Use of the instrument (calibration) 
o Recommended limits of kT as function of the     

exposure class (see Table 2) 
o Conformity criterion 
o Example of report form 

 
Table 2.  Specified Values of kT as function of Exposure 
(Note: the specified value kTs is a characteristic upper value) 

Exposure 
Class 

Description kTs (10-16 m2) 

XC1 to  XC3 Mild Carbonation Not required 
XC4 Severe Carbonation 2.0 

XD1, XD2a Mild Chlorides 2.0 
XD2b, XD3 Severe Chlorides 0.5 

6 APPLICATION OF THE METHOD TO THE 
DIAGNOSIS OF EXISTING STRUCTURES  

Even though the “Torrent Method” has been de-
veloped considering its preventive role (ensuring 
the service life of new structures), several applica-
tion cases have been reported for old structures. 

 

 
Figure 8. kT values and Carbonation Rate in old Swiss struc-
tures. Data from (Torrent and Frenzer, 1995, Jacobs, 2008, 
Teruzzi, 2009). 
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Figure 8 shows kT data, measured directly on 

three bridges and one building (aged between 30 
and 60 years), and the carbonation depth measured 
with phenolphthalein on cores drilled from the 
same places. It shows that, for low kT values (say 
below 0.1 10-16 m²) the carbonation rate is very 
low (below 1 mm/y½). For higher kT values, the 
carbonation rate can be low or high, possibly de-
pending on the microclimatic conditions (tempera-
ture, RH, rain exposure), to the presence of mi-
crocracks, etc. Based on the results of the building, 
and to cope with the scatter of results for higher kT 
values, Teruzzi (2009) formulated a probabilistic 
approach to assess the rate of carbonation from kT 
measurements.  

Figure 9 corresponds to a similar investigation 
on a 30 years old Swiss bridge, where besides car-
bonation, the content of chlorides at 25 mm depth 
was measured (Jacobs, 2008). 
 
 

 
 
 

 
 
 
 
 
 
 
 
Figure 9. kT values and chloride content at 25 mm depth in a 
30 years old Swiss bridge. Data from Jacobs (2008). 

 
Figure 10 shows kT value contours measured on 

a Japanese 6 years old wall, which had one face 
treated with a protective coating and the other face 
untreated (Quoc and Kishi, 2006). It is interesting 
to see that the kTgm (geometric mean) of the treated 
face is an order of magnitude lower than that of the 
untreated face and more uniformly distributed, ex-
cept in localized zones where a detailed inspection 
revealed faults in the coating. 

7 CONCLUSIONS 

This tour along the evolution and current situation 
of “Torrent Method” allows us to draw the follow-
ing conclusions: 
� The method is suitable to measure the re-

sistance of the concrete cover against the intru-
sion (by diverse mechanisms) of aggressive 
agents that affect durability 

� It correlates very well with other methods to 
measure transport phenomena in concrete, hav-
ing the advantage of being faster and complete-
ly non-destructive 

� Its inclusion in Swiss Standards SIA 262 and 
262/1 and the Recommendations issued by the 
Swiss federal Highway Administration consti-

tute a foundational step towards the use of per-
formance concepts to specify and control dura-
bility of concrete structures, with the following 
advantages: 
o By controlling the end product (the struc-

ture on site), it consolidates a new, perfor-
mance oriented mindset, in all the parties 
involved in the construction process (con-
structors, concrete suppliers, materials pro-
ducers, etc.) 

o It tends to eradicate bad practices (uncon-
trolled water addition to concrete, poor 
compaction, lack of proper curing, spray of 
water or cement during floor finishing, etc.) 

o It stimulates the use of innovative solutions 
that improve the quality of the "covercrete" 
(permeable formwork membranes, vacuum 
“dewatering” of slabs and the use of special 
concretes, such as self-compacting, high 
performance, self-curing concretes, etc.) 

� It constitutes a useful tool for assessing the 
condition of structures, by identifying the most 
vulnerable areas where works for repair, reha-
bilitation or retrofitting may be done. 

 
a) Untreated face (kTgm= 4.96 10-16 m2) 

 
 
 
 
 
 
 
 
 
 
 
 
b) Treated face: kTgm= 0.43 10-16 m2) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. kT value contours, measured on both sides of a 6 
years old wall in Japan. From Quoc & Kishi (2006) 

 
� The values of kT can be used to design/predict 

service life of structures on the basis of the real 
quality of the "covercrete". Methods already 
exist  for carbonation-induced corrosion (CEN 
TC104, 1992, Teruzzi, 2009) whilst methods 
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are being developed to cope with chloride-
induce corrosion 

� Some pioneering work indicates the feasibility 
of applying this method on other porous mate-
rials, such as stones (monument conservation), 
ceramic tiles, etc. 
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