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their reuse and generated a growing market, es-

pecially for fired clay bricks. The costs related to 

their reuse is, however, equal or higher to newly 

manufactured bricks, and therefore reused bricks 

are considered only in projects where the owner 

chooses to use them. Used fired clay bricks rep-

resent a variety of different materials since they 

were exposed to various conditions during their 

lifetime, such as the degree of water exposure, 

salts e. g. deicing, air borne pollutants, etc. It is 

practically impossible to obtain all the information 

for a thorough description of the material to es-

timate their remaining lifecycle (Hjelseth, 2019). 

Restauration of historical structures, especially 

brick masonry ones, is a well-known issue, how-

ever determining when to replace existing bricks 

is not straightforward and it is difficult to get a 

clear answer regarding their assessment methods 

from practitioners (Cassar, 2004). In the case of 

new masonry constructions, efflorescence is not a 

rare sight, but is mostly considered a cosmetic sur-

face problem although it is questionable whether 

this diagnosis is correct. For brick re-use, either in 

restauration or as replacement, the appearance of 

efflorescence either on the old or the new brick 

work is important. What they have in common is 

the need for a simple, qualitative method to allow 

assessment of the bricks’ condition. Although the 

description of all relevant parameters is of inter-

Abstract
The present study proposes a new method to eval-

uate the condition of used fired clay bricks, which 

may prove useful for determining their future life-

span. Prior to firing, the unfired clay bricks may 

contain a significant amount of calcite (CaCO3). A 

major part of the CaCO3 will turn into CaO during 

firing, then in presence of water (H2O) to Ca(OH)2, 

and finally, into CaCO3 by reaction with carbon di-

oxide (CO2) in the air. Therefore, the presence and 

amount of the diverse compounds mentioned in 

the brick may change significantly the pH value 

of the matrix. Thus, pH is proposed as a tracer to 

determine to what depth sufficient access of H2O 

and CO2 is possible to allow these various reactions. 

Access of H2O and CO2 is promoted by cracks or in-

creased porosity in the outer layers and therefore 

can serve to reveal these areas. This new method 

was implemented on two different bricks types, 

both new and naturally exposed fired clay bricks 

(1 year and 11 years in construction respectively) 

and was found to be reliable.

Keywords: Fired clay bricks, pH, lime

Introduction 
An increased focus on the resources needed for the 

production of construction materials has prompted 
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material having: a) ideal composition; b) suffering 

from relative homogenous surface deterioration; 

c) presence of cracks. Therefore the hypothesis is

that the measurement of the pH value can serve

as a tracer for cracks or changes within the pore

system.

Materials and methods 
Materials
Two different types of fired calcareous clay bricks 

were examined: Royal Grey (RG) with a grey tint 

and Gulbrune Firenze (GF) with a yellow color. 

Results are shown for reference samples (“–R”) 

and exposed samples (“-duration of exposure in 

years”). Grey fired clay bricks are produced from 

calcareous clay with an addition of 5 % of manga-

nese oxide (MnO2).

Methods
Macro pictures were taken with a Nikon D610 cam-

era. The camera was placed on a stand at a dis-

tance of 6 cm from the photographed surface. The 

specimens were illuminated with Kaiser RB 5000 

Daylight Copy Light Set. Camera settings were F16; 

ISO 100.

The bricks were ground in 1-mm steps and dried 

to constant weight. The RG samples were prepared 

with 2.00 +/–0.02 g dry powder, while GF samples 

were prepared with 4.00 +/–0.02 g dry powder. 

The RG samples were prepared by suspending 2.00 

+/–0.02 g of each powder in 10.00 mL distilled wa-

ter water and agitating them for 24 hours. Subse-

quently, the electrical conductivity was measured 

with MeterLab®CDM210 and cations and anions 

were measured with an ion chromatograph. The 

pH measurements were carried out with a Meter-

Lab®CDM220 pH meter, after settling of the agitat-

ed sample (for 5 minutes or until a clear liquid 

came into existence). 

Results
pH measurements
The results of the pH measurements are shown in 

Fig. 1. A significant difference is observed between 

est, in praxis a simple tool for a first approach is 

fundamental to determine the condition of previ-

ously used bricks. The aim of the present paper is 

to develop (or find) a simple method for assessing 

the overall condition of the fired clay brick, since 

this is a very traditional material for exterior walls 

all over the world. In a previous study, where a 

selection of fired bricks, varying in age and color, 

including different raw materials was made, a pat-

tern between deterioration extent and pH was ob-

served (Rörig-Dalgaard, 2009). The present study 

examines for such a link based on the experimental 

studies on this effect. 

Carbonation
Calcite (CaCO3) is present in clays used for brick 

production (Schumann, 1997), e. g. 1 % calcite for 

non-calcareous clay; 20 % calcite for calcareous 

clay (Dam et al., 2008). During the firing of the 

clay, calcite will also undergo phase transitions, 

such as the loss of carbon dioxide (Chang, 2005). 

Once the bricks are fired and used in a construc-

tion, moisture and rain will be absorbed through 

cracks turning the burnt lime into calcium hy-

droxide (portlandite) (Elert et at., 2003) whose 

saturated solution has a pH of 12.4 at 25ºC (CRC, 

1983). And with time, portlandite will react with 

carbon dioxide (CO2) that filters into the bricks 

through pores and cracks, turning it back into cal-

cite (Gottfredsen and Nielsen, 1997; Elert et al., 

2003; Dam et al., 2008; Li and Wang, 2013) whose 

saturated solution has a pH of 9.4 at 25 ̊ C (CRC, 

1983). In naturally aged fired clay bricks of the 

type “Flensburg bricks” it has been observed that 

they are fully carbonated when they reach 200–

300 years of age (conversation with Helge Hansen, 

TI, 26 Oct. 2018). 

A lime mortar applied to masonry segments 

which were cured for one day under damp cloths 

and thereafter for a period of at least 28 days at 

20º Celsius and 50 % RH (Brocken et al., 1999) 

was studied in thin section where the carbonation 

was observed to occur only up to 1.0 mm from the 

brick-mortar interface. The CO2 carbonation tends 

to proceed with varying velocity depending on the 
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Ti, V, Zn and Zr, since these ions could be expected 

within the fired clay bricks as they are a part of the 

original clay mixture and components for the brick 

production (Dam et al., 2008). All results were an-

alyzed and the most significant ones are shown in 

Fig.s 4–7. 

The results for the anions are shown in Fig.s 4 and 

5. The measured nitrate content was ≤ 5 mg/L. 

The most significant cations are shown in Fig.s

6–7.

For both brick types RG and GF a significantly

higher Ca++, SO 4
= and Cl- content was measured

in the outer 2-mm of the exposed brick com-

pared to those found at increased distances from

the surface. The higher content of Ca++ and SO 4
=

is most likely caused by the formation of gypsum

(CaSO 4.2H2O) which is about 100 times more solu-

ble than CaCO3. The higher content of the readely

soluble Cl- is attributed to the evaporation zone at

the exposed surface. When studying the curves for

the two brick types in regards to the measured Si

content, it can be noticed that a lower Si content

Figure 1: pH measurements as a function of the distance from the 

exposed surface.

the two brick types: RG and GF which may result 

from their different compositions, where the RG-R 

starts at about pH 10 near the surface and reaches 

a stable value of about 10.6 in the interior; while 
the GF-R has a more uniform pH of around 11–11.3. 
For the RG-1, the pattern is similar to the refer-

ence one, but nearly half a unit lower pH value. 

This difference between RG-R and RG-1 is most 

likely caused by various states of the lime, such 
as Ca(OH)2 or CaCO3. This was observed visually 

and confirmed by reaction with HCl on the sur-
face where the lime had carbonated as CaCO3, while 

in depth Ca(OH)2 was found. This is also the case 

for the GF-11, which starts at about 10.5 near the 

surface and increases reaching the pH value of the 

reference sample at about a depth of 5–6 mm. 

Cross sections
Access of H2O and CO2 is promoted by cracks or in-

creased porosity in the outer layers and therefore 

microscopy of cross sections can serve to reveal 

these areas. The samples were examined visually 

for the first impression with macro pictures (not 

shown) and as a function of depth in cross sec-

tions, see Fig.s 2 and 3. 

Chemical composition of the leaching 
from the ground brick powder
The anions measured were: SO 4

=, Cl– and NO3
–, 

while the cations were: Al, B, Ba, Ca, Cl, Co, Cr, Fe, 
K, Li, Mg, Mn, Na, Ni, NO3, P, Pb, S, Sb, Si, Sn, Sr, 

Figure 2: Cross sections of RG-R and RG-1 bricks in fluorescent 

light. Left: The two surfaces facing each other (middle) are those 

surfaces exposed to the exterior climate, when included in the 

construction. Right: visualization of significantly increased poros-

ity up to 2 mm depth (because of eroded cracked aggregates e. g. 

within the red circle) in RG-1 at higher magnification.

Figure 3: Cross sections of GF-R (left) and GF-11(right) bricks. 

Note the crack that starts at the surface by the red arrow and 

reaches a depth of around 4 mm. The crack seems to be filled with 

eroded material and therefore not visible under fluorescent light 

which is why regular light was used to examine it.
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Figure 4: Sulphate content as a function of distance from 

the surface.

Figure 6: Calcium content as a function of distance from the 

surface.

was found for the exposed brick in the first 2 mm 

for type RG, and 5 mm for GF. Comparing all the 

measured ionic contents, even though the Si con-

tent is modest compared to the other ionic con-

tents, Si provides a clear picture of changes within 

the brick matrix. 

Discussion
Obviously, a reduction in pH can be caused both 

by carbonation and through neutralization of OH- 

with H+ from acidic rain water which in general 

has a pH of 5–6 in Northen Europe (Bonazza et 

al, 2009). Neutralization of OH- portlandite by acid 

rain water will also result in brick matrix changes 

(Rörig-Dalgaard and Charola, 2016). However, the 

velocity of both carbonation and neutralization of 

the alkalinity by rain water is dependent on access 

Figure 7: Silicium content as a function of distance from the 

surface. The depth at which the silicium concentration for both 

the reference brick and exposed brick equal each other is marked 

with a red ring for both brick types.

of air and water which again is related to the po-

rosity and pore system.

Furthermore, crack formation may also result from 

other processes, e. g. leaching from the brick ma-

trix or freeze-thaw events which would increase 

carbonation depth. 

Measurement of the ionic contents was carried out 

to highlight abnormalities and rule out 
potential damage causes. The ionic contents 

varied largely, and in each case contributed to 

clarify the cause of the deterioration (Fig. 4–7). 

Comparison of ob-servations in cross-sections and 

pH measurements, suggests that the latter can 

provide a reliable identification of increased 

porosity or presence of cracks. In addition, 

measurement of the water soluble content of 

silicium may also support the 

Figure 5: Chloride content as a function of distance from 

the surface.
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pH measurements and thereby identificantion of 

increased porosity or presence of cracks. Fired clay 

bricks are produced from a mixture of clay, sand 

(< 3 mm) and sawdust. Clay and sand are erosion 

products that form on the earth’s crust, which con-

sists, in decreasing order, of 46 % O, 27 % Si, 8 % Al 

(Dam et al., 2008). This means that beyond O, Si 

is the most frequent element in the matrix of the 

fired clay brick. Therefore a Si content below the 

reference concentration indicates decomposition 

and/or an heterogenous brick matrix. Changes of 

pH values in the exposed fired clay bricks com-

pared to the reference values point out the same 

degradations depths as the changes in Si content 

(see Fig. 1 and Fig. 7). Since the measurement 

of pH is easier to carry out than evaluating the 

concentration of Si, it is clear that the pH value 

should be favored as a tracer.

Another problem to overcome is, that in almost all 

cases, no reference material is present. In most cas-

es, one would expect the same pH value throughout 

the brick but this was not the case for RG-R. How-

ever, the differences in pH value throughout the 

reference brick matrix is limited and the maximum 

difference throughout the reference bricks used in 

this study was ±0.4 pH units and limited to the 

outer 2 mm. In a previous study (Rörig-Dalgaard, 

2009), the pH of new and non-exposed bricks fired 

homogeneously in a tunnel kiln were measured as 

an average value for the whole brick and found 

to range from 10.4 ±0.03 (calcareous, produced 

by Wewers), 9.3 ±0.02 (non-calcareous, produced 

by Wewers) and 9.3 ±0.03 (non-calcareous, pro-

duced by Egernsund). The pH in new, non-ex-

posed, non-calcareous handmade bricks fired in a 

circular kiln was measured as an average for the 

whole brick to 9.1 ±0.03, 9.2 ±0.08 and 9.4 ±0.03 

related to their brick color (and the firing tempera-

ture) bright, medium and dark respectively. Based 

on the present and previous results, original pH 

values ≥ 10.4 for calcareous bricks and ≥ 9.1 for 

non-calcareous bricks may be expected. Lower pH 

values may indicate carbonation as a consequence 

of cracks and surface deterioration. These limits 

are in line with measurements obtained in a pre-

vious study (Rörig-Dalgaard, 2009), where a cal-

careous brick placed in construction for 100 years 

had a pH of 9.3 ±0.05, and two calcareous bricks 

placed directly on the ground for 2 ½ years had 

pH 8.2 ±0.15 and 8.8 ±0.04; the latter two showing 

clearly visual surface deterioration. Similar pH of 

8.0 ±0.07 was measured in a non-calcareous brick 

with a visually deteriorated surface placed on the 

ground for an unknown number of years. These 

previous measurements confirm the present find-

ings. 

This preliminary work does not include the ex-

amination of potential residual carbonate in the 

center of pre-industrial bricks (before 1850) caused 

by firing induced temperature gradients. However, 

for fired clay bricks produced after 1850 this pro-

posed method may be a relative simple approach 

to reliably assess the complex issue of evaluating 

the condition of used fired clay bricks in existing 

buildings and prior to potential reutilization in 

new construaction that may be of use for profes-

sional advisors and building owners. 

Conclusion
Based on the findings, the need and extent to doc-

ument surface deterioration can make use of one 

or several of the following steps with increasing 

laboratory demands: 1. Documentation with fixed 

settings for macro pictures; 2. Extraction of a core 

for subsequent grinding to measure pH; 3. Prepa-

ration of a cross section; 4. Measurements of ionic 

content in the ground material where Si content 

was found to be the most useful. 
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