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Abstract—Mortar is a very important adhesive material as it 

is used to fasten materials or components together to make a 

larger unit. It’s most common application is to adhere masonry 

blocks or bricks thus allowing the construction of a single unit. 

The type of mortar used is important as it directly influences 

the mechanical behaviour of the masonry unit. This paper 

investigates the properties of different conventional 

(designations (iii) and (iv) as per BS 5628) and thin layer 

mortars and their influence on the flexural strength of low 

density aircrete wallettes, tested in accordance to BS EN 1052 

(four point loading). The strengths of the wallettes were 

impressive and compare favourably to the values reported in 

BS 5628, especially the thin layer ones which exhibited 

excellent strength within 7 days curing time. 

 
Index Terms—Autoclaved Aerated Concrete; Aircrete; 

Flexural Strength; Low Density Blockwork; Mortar; Thin 

Layer Mortar. 

 

I. INTRODUCTION 

Mortar is a very important material in civil engineering as 

it bonds together bricks and blocks in dwellings. 

Traditionally there are two different types of mortars: lime 

and cement. Lime mortar is the oldest type and has been 

used for centuries. This was the preferred type of mortar 

until cement mortars were developed. The disadvantage 

with lime mortars is that it gains maximum strength after 90 

days, this can delay construction time which can confer 

negative economic implications.  

The main advantage with cement based mortars is that it 

reaches maximum strength in only 28 days. There are four 

different types (designations) of cement mortars as shown in 

Table I. 

With decreasing strength, there is increased flexibility, i.e. 

designation (iv) has the greatest flexibility. Typically 

designations (iii) and (iv) are used with low density 

blockwork, however, over the last 15 years or so, thin layer 

mortars have become increasingly popular as they provide 

greater flexural strength for the wall [2].  

Thin layer mortar, as the name implies, is a special type 

of adhesive mortar with a mortar thickness of only 3mm (in 

comparison to 10mm for conventional mortars, including 

lime).  

Although the layer is very thin, the mortar forms a very 

strong bond with the blocks. Furthermore, as the greatest 

heat loss through a wall is through the mortar layer, 
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reducing the mortar bed thickness can improve the thermal 

insulation of the dwelling [3]. 

 This paper reports the findings of a study undertaken to 

verify the mechanical properties of different conventional 

cement and thin layer mortars as this can to an extent 

explain why only 3mm joint thickness is required for thin 

layer mortars. 

 
TABLE I: DIFFERENT DESIGNATIONS OF CEMENT BASED MORTARS AND 

RESPECTIVE MEAN COMPRESSIVE STRENGTH AT 28 DAYS, AS PER [1]. 

  Cement:Lime Sand   
Compressive 

strength 

Mortar 

Designation 
Ratio Ratio Known as (N/mm2) 

(i) 1:01/4 3 01:03 16 

(ii) 01:00 4 1:1/2:4 6.5 

(iii) 01:01 6 01:01:06 3.6 

(iv) 01:02 08-Sep 01:02:09 1.5 

 

Aircrete (AAC) was initially developed in Scandinavia in 

the 1950s and it’s first application was as a replacment for 

timber [4], [5]-[7]. Currently, AAC is a very popular 

building material, especially in Europe and North America. 

It is made from cement, fly ash (PFA), lime, sand and 

aluminium oxide powder. Given that PFA is an industrial 

by-product of the coal industry, AAC has very low 

embodied CO2, thus imparting substantial sustainability 

advantages.  

The final structure of the material is very porous (up to 

85%), however, given the pores are evenly distributed, AAC 

imparts satisfactory mechanical and structural performance 

for the construction of two storey dwellings [5], [8]-[11].  

Due to the high porosity content, AAC has very low 

thermal conductivity, thus provides very good thermal 

insulation [8], [12], [13]-[22] as shown in Table II.  

In the UK AAC blocks typically have compressive 

strengths greater than 3 N/mm2 (MPa), however, elsewhere 

in Europe lower strength AAC blocks are well established 

[4]-[7], [12], [16], [19]; therefore, utilising lower strength 

AAC blocks in the UK will facilitate in reducing greenhouse 

gas emissions as the buildings will be better insulated thus 

requiring less heating.  

This paper reports the findings of a study undertaken to 

verify the properties of different types of mortars and their 

effect on the characteristic flexural strength of low density 

aircrete wallettes with both conventional and thin layer 

mortar. 
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TABLE II: PHYSICAL PROPERTIES OF AIRCRETE BLOCKS 

Aircrete 

density 

Compressive 

strength 
Density 

Thermal 

conductivity 

(N/mm2) (Kg/m3) (W/mK) 

Low 2.0 – 3.5 450 0.09 - 0.11 

Medium 4.0 – 4.5 620 0.15 – 0.17 

High 7.0 – 8.5 750 0.19 – 0.20 

II. EXPERIMENTAL 

Experimental work was undertaken to establish the 

mechanical properties of three mortars types (designations 
iii, iv and thin layer). A series of tests were carried out to 

evaluate the cube compressive, tensile and flexural strengths 

of conventional mortar prepared using 32.5N and 42.5N 

Portland cement and two types of thin layer mortar 

designated type A and B.   

The two cements were selected as there is no guidance on 

cement choice in the British code although there is some 

data on mortar strengths in Table 1 of [1], the relevant parts 

of which are reproduced as Table I of this paper. Flow 

properties of these mortars were also established.  

Sample preparation and testing were carried out in 

accordance with appropriate Standards as documented in 

this paper.  

This section is divided into two main parts. The first part 

gives details of test materials and mortar properties and the 

flexural testing follows this. 

 

III. MORTAR PROPERTIES: MATERIALS 

The first set of tests on cement were carried out using 

42.5N PC. Bulk lime was used in the mortar production. 

Soft building sand used complies with the requirements of 

BS 1200 [24] was used.  

 

IV. SPECIMEN PREPARATION 

A. Conventional Mortar 

Conventional mortar samples of designation (iii) and (iv) 

were produced to establish fresh and mechanical properties. 

Water was added so that the workability was consistent and 

corresponded to a 10mm penetration of the dropping ball 

test as suggested in [1].  

The flow properties were determined in accordance with 

[25]. The flow values obtained for all mixes fell within a 

range of between 186 188mm. 

B. Thin Layer Mortar 

Again, mortar samples were produced to establish fresh 

and mechanical properties. Manufacturer’s mixing 

guidelines, given in Table III were strictly followed - the 

mixture was stirred for approximately 10 minutes until a 

lump free paste was obtained and the workability was 

consistent and corresponded to a 9.5mm penetration of the 

dropping ball test.  

The flow values obtained for all mixes fell within a range 

of between 154 and 156mm. Both thin layer mortars were 

manufactured in accordance with [26]. 

 

TABLE III: MORTAR MIXING PREPARATION. 

  Mortar A Mortar B 

Mortar Weight 

(kg) 
25 25 

Water Content 

(litres) 
4.4 5 / 5.5 

 

C. Properties examined 

A range of properties were examined during experimental 

work as shown in Table IV. In all testing, three specimens 

were broken at each test age (Table IV). Tests were carried 

out in accordance with [27]. 

 
TABLE IV: MORTAR PROPERTIES AND TESTING REGIMES 

Mortar 

Property 
Specimen Test Age 

Compressive 

cube strength 
100 x 100 x 100mm 1 - 28 days 

Tensile 

strength 
Dog bone 28 days 

Flexural 

strength 
40 x 40 x 160mm 

                 

28 days 

 

Test specimens were demoulded after 24hours of casting 

and then transferred into an Environmental Chamber where 

a constant temperature of 20 °C and relative humidity of 

95% was maintained throughout. 

 

V. FLEXURAL TESTING OF  WALLETTES 

The flexural strength of the 2 and 2.8 N block walletttes 

were determined. The wallettes were built using 

designations (iii) and (iv) mortar (in accordnace to [1]) and 

two different types of thin layer mortars provided by H + H 

Celcon and Clan.  

The wallettes were prepared and tested in accordance to 

[21]. The dimensions of the blocks were the industrial 

standard: 440 x 215 x 150mm for 2.8 N blocks and 620 x 

215 x 150mm for 2 N blocks. The wallette sizes were 1100 

x 860mm for 2.8 N blocks and 930 x 645mm for 2 N blocks; 

unless specified otherwise the wallette thickness is 150mm. 

 The specimens were tested to destruction under a four 

point load and the resultant flexural strengths were 

determined as specified in [21]. The matrix of tested 

specimens is shown in Table V. 

 
TABLE V:  MATRIX OF SPECIMENS TESTED 

Aircrete 

block 

strength  
(N/mm2) 

Mortar designation Thin layer mortar 

 
Thin 

layer 

mortar 

iii iv 
 

A 
 

B 
2.0 5B 5B 5B 15B*  
2.0 5P 5P 5P  
2.8 x x 5B 15B*  
2.8 x x 5P  

 

In Table V, B indicates the flexural strength is determined 

parallel to the bed (mortar) joints whereas P denotes the 

strength determined in the perpendicular plane to the bed 

joints.  

As specified in [28] a minimum of 5 wallettes must be 
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tested for each type of block / mortar combination; all 

designations (iii) and (iv) mortar wallettes were tested after 

28 days curing. *15 thin layer wallettes were constructed for 

testing after 1, 7, and 28 days curing due to the accelerated 

setting time for thin layer mortar. 

VI. RESULTS  

A. Compressive Strength Development of Mortar 

Table VI summarises the 28-day cube compressive, 

flexural and tensile strength test results of both designations 

iii and iv mortars. The compressive strength results of thin 

layer mortars cured up to 28-days are given in Table VII and 

plotted on Fig. 3 while Table VIII summarises 28-day 

compressive cube, flexural and tensile strength test results of 

these mortars. 

 
TABLE VI: 28-DAY STRENGTH RESULTS OF DESIGNATIONS III AND IV 

MORTARS
1 

Cement 

Type 

Mortar 

Designation 

Compressive 

Strength 

(N/mm2) 

Flexural 

Strength 

(N/mm2) 

Tensile 

Strength 

(N/mm2) 

42.5 N 
PC 

iii 7.7 (3.6) 4.9 4.8 

iv 4.1 (1.5) 2.4 1.8 

32.5 N 

PC 

iii 4.3 (3.6) 2.3 1.7 

iv 2.3 (1.5) 1.5 0.9 

 
TABLE VII: COMPRESSIVE STRENGTH RESULTS OF THIN LAYER MORTAR)1 

Curing Age 

(Days) 

Compressive Cube Strength (N/mm2) 

A (n*) B (n) 

1 7.5 (2.1) 2.9 (0.8) 

3 11.9 (3.3) 5.8 (1.6) 

7 14.9 (4.1) 8.6(2.4) 

10 16.0 (4.4) 10 (2.8) 

14 17.0 (4.7) 11.5 (3.2) 

21 17.4 (4.8) 11.8 (3.3) 

28 17.6 (4.9) 12 (3.3) 

 

 

 
Fig. 1. Compressive Strength Development for Thin Layer Mortars. 

 

TABLE VIII: 28-DAY STRENGTH RESULTS OF THIN LAYER MORTARS   

Thin Joint Compressive 

Strength (N/mm2) 

Flexural 

Strength 

(N/mm2) 

Tensile 

Strength 

(N/mm2) Mortar 

A 17.6 4.6 1.9 

B 1 2.0 3.6 1.7 

                                                           
1 NB: bracketed numbers indicate how many times the thin joint mortars 

are stronger than the [1] specification for a designation (iii) mortar. 

 

B. Flexural strength of Aircrete Wallettes 

Table IX provides statistical analysis of results obtained 

for both Thin Layer mortars. Table X provides statistical 

analysis of results obtained for conventional mortars. 

 
TABLE IX: STATISTICAL ANALYSIS OF FLEXURAL STRENGTH OF THIN 

LAYER WALLETTES  

Aircrete 

block 

strength  
(N/mm2) 

  

Curing  

time 
(days) 

  

Thin 

layer 
mortar 

Direction 
Average 
failure σ 

(N/mm2) 

   

Standard  

   
deviation 

    

Characteristi
c strength 

               

(N/mm2) 

2 28 A B 0.3 0.017 0.27 

2 28 B B 0.31 0.023 0.27 

2 28 A P 0.28 0.013 0.26 

2 1 B B 0.24 0.015 0.22 

2 7 B B 0.3 0.01 0.28 

2.8 28 A B 0.48 0.032 0.42 

2.8 28 B B 0.48 0.023 0.44 

2.8 28 A P 0.39 0.021 0.35 

2.8 1 B B 0.22 0.017 0.19 

2.8 7 B B 0.46 0.022 0.42 

 
TABLE X: STATISTICAL ANALYSIS OF FLEXURAL STRENGTH OF 

WALLETTES MADE WITH CONVENTIONAL MORTAR 

Aircrete 

block 
stresngth 

(N/mm2) 

Mortar 
designtion 

Direction 

Average 

failure σ 

(N/mm2) 

Standard 
deviation 

Characteristic 

strength 

(N/mm2) 

2 iii B 0.17 0.013 0.15 

2 iii P 0.22 0.014 0.2 

2 iv B 0.17 0.018 0.14 

2 iv P 0.21 0.023 0.17 

 

VII. DISCUSSION 

A. Mortar Properties 

With 42.5 N PC, the compressive strengths for 

designations (iii) and (iv) mortars are at least double than 

that specified in [1].  With the 32.5 N PC cement mortar, the 

28 day strength is slightly higher than that specified in the 

code.  Variations are probably due to different mortar 

consistencies and possibly type of sand used. 

Thin Layer Mortar A has compressive strength nearly 

50% greater than Mortar B but both mortars exceed the 

strength requirement of designation (iii) mortar as specified 

in [1] by significant amounts.  The bracketed numbers in 

Table VII indicate how many times stronger these mortars 

are the 28 day strength of designation (iii) mortar.  Mortar A 

at 1 day, is twice the 28day [1] specified strength, whilst 

mortar B at the same stage is 0.85 the [1] 28day strength and 

at 3 days is 1.6 times the 28 day strength.  Both mortars give 

remarkably consistent flexural strength results using 

wallettes despite their discrepancy in strength [2]. 

 For the conventional mortars reported in this paper, the 

strength development is approximately 45% after 7 days, 

however, for the thin layer mortars, nearly 75% of the final 

strength is reached after 7 days curing.  

B. Flexural Strength of Thin Layer Wallettes 

Table VIII shows excellent repeatability (low standard 

deviation) for flexural strengths. As per [1], the flexural 

strength for 7N AAC blocks with designation (iv) mortar is 

0.2 and 0.45 N/mm2 for B and P wallettes respectively.  
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The findings of this investigation show that the average 

strength of the thin layer mortar with 2 and 2.8 N blocks is 

substantially higher at 0.30 and 0.48 N/mm2 respectively. 

The results also show very good consistency for 2 and 2.8 N 

blocks using either type of thin layer mortar.  

In masonry the normal trend for walls is higher strength 

in the P direction in comparison to the B direction as the 

weakest part of any wall is typically along the mortar bed. 

However, the results here contradict this theory as the thin 

layer wallettes exhibit higher flexural strength in the B 

direction.  

Comparing figs. 2 and 4 shows that thin layer wallettes 

typically incurred a large amount of material failure (fig. 2), 

however, all 2 and 2.8 N wallettes (fig. 4) using 

conventional mortar (designations (iii) and (iv)) failed 

entirely along the mortar bed (figs. 3 and 4). The findings 

suggest the thin   mortar forms an exceptionally strong bond 

with the masonry blocks, therefore, a much larger stress is 

required to impart failure. Furthermore, as the bond strength 

along the perpendicular joints is expected to be inferior in 

relation to the mortar bed, this possibly explains why 

aircrete specimens with thin layer mortar are stronger in the 

B direction.  

The results also show the rapid development of strength 

of wallettes with thin layer mortar, with maximum strength 

being attained after 7 days curing and for 2N block wallettes 

nearly 80% of the maximum strength being reached after 

only 1 day curing. One thing to note is that after 1 day 

curing all aircrete wallettes using thin layer mortar fail in the 

B direction (fig. 3) as the bond between block and mortar 

hasn’t fully developed. However, all thin layer mortar 

specimens exhibit predominant material failure after 7 days 

curing as shown in fig. 2, thus suggesting the full bond 

strength between block and mortar is reached within the 7 

day period. 

 

C. Flexural Strength of Conventional Mortar Wallettes 

As per [1] the flexural strength of 2.8 to 7N aircrete 

walletes (250 mm thick) with designations (iii) and (iv) 

mortar is reported as 0.15 and 0.1 N/mm2; in the P direction 

the strengths are quoted as 0.25 and 0.2 N/mm2 for 

designations (iii) and (iv) mortars respectively. In this 

research, the strengths of 2N specimens are 0.15 and 0.20 

N/mm2 in the B and P directions respectively; this is in 

keeping with the aforementioned [1] values. Furthermore, 

the mode of failure for all aircrete wallettes using 

conventional designations (iii) and (iv) mortars were 

consistently along the mortar bed (fig. 4).  

As expected the strengths of designation (iii) mortar 

wallettes are greater than designation (iv), although the 

strengths in the B directions are very similar. 

 The results of the wallettes are consistent and 

proportional to the strengths of the mortar (Tables VI and 

VII). The higher strength of the thin layer mortars results in 

a much greater bond strength between block and mortar. 

 

 
Fig. 2. Typical failure of a low density (2 N/mm2) aircrete thin layer 

(mortar) wallette (after 7 and 28 days curing) in the B direction showing 

predominantly material failure. 

 

 
Fig. 3. Typical failure of a 2.8 N/mm2aircrete thin layer wallette (after 1 

day curing) in the B direction showing failure occurring along the bed 
(mortar) joint. 

 

 
Fig. 4. Typical failure of a 2 N/mm2 aircrete designation iii wallette (after 

28 days) in the B direction showing failure occurring along the bed joint. 

 

VIII. CONCLUSIONS 

Key strength properties of different mortar types 

(designations iii, iv produced using 32.5N and 42.5N PC) 

and thin joint have been established. The characteristic 

flexural strength of low density aircrete wallettes made of 

2.8 and 2 N/mm2 blocks using these mortars was 

determined. 

 Strengths of mortars produced using 32.5N PC are 

considerably lower than those obtained for 42.5N 

PC mortars.  

 Mortar strengths from both 32.5PC and 42.5PC 

mortars exceed the values given in [1]  

 The thin layer mortar type A was stronger than thin 

layer mortar type B at all ages. 

 With both thin layer mortars 70% of the total 

strength was reached after 7 days curing. 

 With both thin layer mortars, the strength at 3 days 

was at least 1.6 times greater (3.3 for mortar A) 

than the 28 day strength for designation (iii) mortar 

as required in Table 1 of [1]. 

 The strengths of B wallettes with thin layer mortar 

particular are relatively high in comparison to 

reported values, with very good repeatability (low 

standard deviation). 

 The optimum flexural strength for thin layer 
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wallettes are reached within 7 days curing time. 

 The strengths of wallettes with conventional mortar 

were weaker than thin layer wallettes. However, 

the flexural strengths of both types of wallette 

compare favourably to values reported in the 

British Standard. 

 The mode of failure for thin layer specimens in the 

B direction exhibited substantial material failure as 

opposed to de-bonding along the mortar bed.  
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