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1. Introduction 

The main products and types of waterproofing treatments have been reviewed by BRE in WP2. Four products were 

shortlisted. CEGE undertook bench testing of small masonry specimens with different types of brick and the four 

water proofing treatments with the aim of identifying the best performing ones, and progress to the full masonry 

specimens test with up to two waterproofing products. The bench testing investigates the ability of waterproofing 

treatments to cover/penetrate into the masonry surfaces thoroughly and evenly by two different application 

techniques, i.e. brushing and spraying.  Three different sets of tests were performed with the objective of 

measuring the extent to which each of the treatments altered the uptake and release of moisture by the masonry. 

¶ Water vapour permeability test 

¶ Wettability test 

¶ Water absorption test 

 

2. Selection of materials 

2.1 Bricks 

The bricks are selected from new products based on the main principles shown below: 

¶ Clay, óstandardô size 215x102.5x65 mm, machine-made wire-cut new bricks manufactured following 
methods used in the ó50s and ó60s; with frogs or holes. Among these: 

o A more porous/less dense brick (high moisture absorption) with a rough surface finish (Forterra 
Moray Red Mixture) 

o A less porous/more dense brick (low moisture absorption) with a smooth surface finish (Forterra 
Atherstone Red) 

o A more porous/less dense brick with a smooth finish (Forterra Belgravia Gault Blend) 
 
The three brick types chosen from the Forterra catalogue are: 
 
           Forterra Moray Red Mixture             Forterra Atherstone Red                Forterra Belgravia Gault Blend 

        
 

Figure 1: brick types 

 
Table 1 summarises the specifications of each brick in relation to the bench testing from the data sheets and CE 
certificate provided by the manufacturer Forterra. 
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Table 1: Technical specifications of the selected brick types as provided by the manufacturers 

Brick Type Water 
absorption 
(%weight) 

Configuration 
(Voids) 

Dry weight per 
brick (kg) 

Gross 
density 
(kg/m3) 

Moray Red 
Mixture 

Ò 10 Vertically 
Perforated   

2.35 1600 

Atherstone 
Red 

Ò 13 Frogged   2.20 1550 

Belgravia 
Gault Blend 

Ò13 Frogged   2.36 1700 

 

2.2 Waterproof treatments 

Four different waterproof treatments have been selected from different companies in WP3. They are labelled as B, 
C, D and E while A represents untreated samples. 
 
Among the four treatments, only C is a cream product, the rest are all liquid. Besides the selected products, each of 
the manufacturers has also sent some alternative products, such as cream substitutes to the selected spray and 
products for repointing and gap-bridging (cracks), which respond to some of the concerns raised by the partners on 
the effectiveness of spray products on defective walls. The suggestion of these additional products has not been 
used in the project after joint discussion from the working group to maintain the original agreed selection. 

 
As some of these products contain toxic chemicals, appropriate Health and Safety measure were put in place 
during handling and application. The products have all been registered into the CEGE COSHH database. In 
addition, as the performance of the products is expected to differ on different types of bricks and the performance 
depends on the quality of the application, the data sheets from the company do not provide any numerical 
specifications of the performance. 

 

3. Water vapour transmission test 

The movement of moisture within hygroscopic capillary building materials such as bricks is a combination of vapour 
and liquid flows which have complex interactions with the temperature and humidity gradients and the properties of 
the materials present. Three stages can be identified. 

1. At very low humidity, transport is by vapour diffusion alone and the transmission can be derived from dry-
cup tests.  

2. At higher relative humidity in the hygroscopic region, up to about 95 % relative humidity, there is a mixture 
of gas and water filled pores with simultaneous flows of vapour and liquid. The increasing liquid flow causes 
the exponentially increasing transmission measured by cup tests under isothermal conditions. However, 
under practical, non-isothermal conditions this liquid flow could increase, or decrease, the total mass flow. 
The wet-cup tests derived a more controllable method to monitor the transmission of the material. 

3. Above about 95 % relative humidity, the total mass transport is governed by transport in the liquid phase. 
This is the situation that arises when a material is dipped in water or severely wetted e.g. by driving rain. The 
water moves under the hydraulic pressure, the negative suction pressure. After the water source is removed, 
the hydraulic pressure ceases and the liquid is redistributed within the material at a different rate.  

 
Both stage 1 and 2 are defined in ISO 12572 water vapour transmission test while stage 3 is defined in ISO 15148 
absorption test. The water vapour transmission test is aimed at monitoring the movement of moisture at higher 
humidity conditions mentioned in stage 2 without direct contact to liquid water. The ñWet cupò tests (condition C) is 
giving guidance about the performance of materials under high humidity conditions. At higher humidity, the material 
pores start to fill with water; this increases the transport of liquid water and reduces vapour transport. Tests in this 
area therefore give some information about liquid water transport within materials.  
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3.1 Scope 

In this study the water vapour permeance of brick, mortar and masonry specimens is determined following the cup 
tests detailed in the BS EN ISO 12572:2016. Among the different sets of test conditions specified in the standard, as 
the objective of the test is to study the water vapour resistance performance at  high humidity conditions simulating 
rain conditions, the ñWet cupò tests is used, which best reflects the environmental circumstances corresponding to 
waterproofing of cavity walls in high exposure zones. 
The standard suggests testing under a temperature of 23 ± 1°C in the environmental chamber with a dry state set 
at 50 ± 5% RH and a wet state set at 93 ± 5%. 
 

 

3.2 Specimen design 

 
The cup method is commonly used in the determination of water vapour transmission properties of building 
materials and products. Similar to the semipermeable coating for building materials proposed by Ruid et al. (2005), 
the waterproofing products tested here are claimed to be essentially watertight but water vapour permeable, i.e. 
ñbreathableò, which is a critical property in determining the propensity to envelope decay in case of water ingress 
through defects in the fabric or capillary suction. In order to define the overall water vapour resistance, small-size 
masonry specimens were used to ensure a better representation of the composite nature of masonry constructions 
than brick or mortar alone (Binda et al., 2000; Larbi, 2004) and hence a more accurate representation of the actual 
breathability of the composite. To this end, two sleeves cut from the external surfaces of bricks were then bonded 
together with a 10 mm mortar joint to produce specimens for the water vapour transmission testing. 
 
 
According to the British standard ISO 12572 (2016), if the specimen test area is less than 0.05 m2, a minimum of 5 
specimens for any material assembly shall be tested, hence given 3 brick types and 5 surface treatments including 
the reference untreated case, 75 specimens were produced. No specific criteria have been used to select the 
individual bricks for these tests, except that they all belong to the same batch.  

3.2.1 Cutting Bricks 

BS EN ISO 12572:2016 states that the minimum thickness of the specimen exposed to transmission should be 
20mm. By considering the different frog/perforation locations on each type of brick, the final thickness of the 
specimen was determined as 28 mm to ensure that there is no brittle failure of the brick or development of cracks 
during cutting.  
 
The bricks were cut with a wet saw to the required dimension and subsequently dried until constant weight in the 
laboratory environment at a temperature of about 22 °C and 45% RH.  
 

  
 

Figure 2: a) Brick wet saw cutting    b) 28mm specimens cut from one side of brick 
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3.2.2 Mass change during drying process 

After completing the wet saw cutting, the specimens were dried until constant weight conditions were achieved The 
code requires drying until the daily mass change is within 10% of total weight, however the specimens were dried 
to within 5% difference to ensure shrinkage is avoided in the dimension measurement.  
 
During the drying process, 10 specimens of each brick type were selected and the mass change were measured 
and recorded every day while checking the drying status of the specimens at the same time by visual inspection, to 
ensure homogeneous and sufficiently slow dry to prevent bending or cracks due to uneven shrinkage.  Figure 4 
shows the drying layout of the specimens and flipping was done every day to ensure the specimens were dried 
evenly. 
 
Numbering of the specimens was carried out during the drying stage for easier recording of the dimension 
measurement. In general, all the bricks were sorted by thickness and matched in pairs to form the masonry 
specimens. They were then divided into 5 batches, each batch including 5 pairs of bricks ready to get bonded by 
mortar in the next stage, for the 3 different types of bricks . 
 

 
Figure 3: a) Numbered specimens in drying process 

 

 
Figure 3: b) Specimens grouped by similar thickness in 5 batches for the three brick types, ready for bonding 

3.2.3 Dimension Measurement 

As soon as the specimens reached constant mass 7 days after cutting, accurate measurement of the dimensions 
were taken. While the length and width were measured by an electronic calliper, the thickness was measured by a 
micrometre. All dimension data were accurate to 0.01mm as required by the standard. Based on the shape of the 
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specimen, a total 10 measurements, 2 for the length, 3 for the width and 5 for the thickness, were carried out on 
each specimen to ensure accuracy in further calculations.  
 
Because of the unavoidable error in wet saw cutting, the thickness of each specimen is within a certain range 
around 28mm. Extra bricks were cut to replace those specimens which were either too thick or too thin. Then the 
bricks were matched in pairs with similar thickness for bonding with mortar in the next stage. The average brick 
thickness of each brick type is shown in the Figure 5. 
 

 

Figure 4: Distribution of Average brick thickness of each brick type 

 

3.2.4 Mortar  

Based on the field and background study from previous work packages, the lime:cement:sand ratio of the mortar 
used to bond the bricks was determined as 1:1:6. According to the standards and recommendations from the Brick 
Development Association (2014) and National Lime Association Building Lime Group (2000), this is a mix suitable 
for brickwork, and recommended for moderate exposure (class M4). 
 
Considering the background of the period the studied masonry walls were built, the mortar-joint profile was 
selected as bucket handle joint not only because of its wide adoption in the history of brick constructions, but also 
the more durable profile it is able to provide. 
 

 
Figure 5: Bucket handle joint profile (Brick Development Association, 2018) 

 
While preparing the mortar mixture, in order to ensure that the particle content was suitable to the requirements of 
the standard that was in effect when the building stock under examination was being built, BS 1199 and 1200 
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(1976) were used for the sieve analysis. A sample was taken from each bag of sand for grading. The grading 
curves for the two batches of sand used in the test as well as a reference grading curve, and upper and lower limits 
for the grading of building sands from natural resources for mortar for brickwork from the mentioned standards are 
shown in Figure 6.  

 
Figure 6: Grading curve of 2 sand samples, reference sand, and upper and lower bounds 

In general, the grading curve of both bags of sand were within the range provided by the abovementioned codes. 
However, it is also observed that both bags had fewer sharp particles of large size and the content size was more 
concentrated on the medium size particles. In relative terms, more fines in a sand will demand more water, due to 
higher surface area to be wetted. A higher proportion of fines in sand and the consequent high-water content in the 
mortar will promote shrinkage and would lead to higher risks of de-bonding and cracking in lime mortars (Reddy 
and Gupta, 2008). As a result, particular care was taken during the curing of the mortar to avoid cracking. Once 
assembled using concave joints, all masonry and mortar specimens were covered with an impermeable sheet to 
act as a vapour barrier for 3 days, and then stored for 25 days at 23±2°C and 50±5% RH for curing covered with a 
hessian cloth. Concurrently six mortar cubes of dimensions 40 x 40 x 40 mm were also cast for the compressive 
strength test after each mix. This is to verify that the mortar complies with the M4 standard characteristics. The 
dimensions of the specimens were measured after the curing and were used in the calculation of the vapour flow 
rate. The specimens were carefully cleaned to remove small particles before applying the selected waterproofing 
treatments as per the application procedure recommended by the manufacturers (Figure 7).  
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Figure 7: Bonded samples, mortar cubes and vapour barrier 

 

3.3 Wet Cup (box) design  

3.3.1 Box 

In this study, instead of the standard cup detailed in BS EN ISO 12572:2016, an at purpose box (wet cup) was 
designed to accommodate the larger size masonry specimens.  Itôs constituted by a top layer frame, which holds 
the specimen and a bottom layer box containing the salt solution to maintain the required level of relative humidity, 
which is 93%. The air gap between the salt solution and the face of the specimen was 15 mm in line with the BS 
EN ISO 12572:2016. 
 

 
Figure 8: a) Top frame with bricks set up;        b) Bottom box with salt solution;          c)Specimen and box assembly   

 

   
Figure 9: Plexiglass boxes ready for assembly 

 
The box was built of plexiglass for transparency and durability, and cut by a laser cutter to ensure precision and 
hence the airtightness of the boxes once the masonry specimens were fitted, as shown in Figure 10. Screws were 
used on the box frame to add additional reinforcement and pre-compression to avoid moisture leakage and keep 
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the box perfectly sealed during the test. This is necessary as each specimen is slightly different, although the 
nominal dimensions are the same. 

3.3.2 Sealant and adhesive 

Sealant and adhesive were used to provide airtight and fixation between the specimen and the plexiglass frame. 
Sealants should be easily handled, remain flexible and not crack over the test period and have good adhesion to 
the specimen and the frame. As the boxes were reused after each test, itôs also important that they can be easily 
removed to start with a clean set of boxes for each batch. The adhesive that is used between the sealant and 
specimen is the óBitumen Waterprooferô from Wickes, which is usually used in roof maintenance. It provides good 
seal and adhesion while it does not penetrate dip into the brickôs surface. (see Figure 10). 
 

            
Figure 10: a) Adhesive over the brick surface;          b) cross section penetration;                   c) foam tape 

 
To fill the gaps between the samples and frames, foam tape and rubber are used. Foam tape can act as a buffer to 
transfer the compression evenly from the frame to the specimen avoiding damage to the specimen. Then the 
rubber seals the edges of the foam tape to form an airtight layer around the frame. 
It is essential that the sealant and adhesive are used on these types of cups to provide a well-defined upper 
specimen surface area free of sealant, as per the Standardôs requirements. Applications should only be around the 
specimen edges. During the application the creation of ñmasked edgesò should be avoided, otherwise it is 
necessary to correct the actual surface area in the calculation of the vapour flow rate. 
 

   
Figure 11: Combined specimen sealed with rubber and foam tape around the edges 

 
























