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Abstract 
 
Hollow concrete block has become a popular option nowadays in building 

activities where these blocks offer different benefits: economy, stability, and 
strength, simplicity in utilization in building elements. In this study the effect 

of different air gap configurations within the hollow concrete block was 

investigated, both circular ,elliptical and rectangular shape configuration 
where used by assuring all to have the same air volume within air gap of 

(0.0025 m3).The process of manufacture of hollow concrete blocks 

performed according to Iraqi standard (IQS1077). Both mechanical ,thermal 

insulation and acoustic insulation properties where measured and studied for 
the three configurations, for mechanical properties is compressive strength 

test where used according to ASTM A4-1985 and it found that the result of 

circular ,elliptical and rectangular is (16.30,7.06,10.87 Mpa) respectively 
,while for thermal properties a single heat source for 2.4 Kw at different 

distance (25cm,50cm,75cm and 1m) where used in order to measure the 

effect of configuration of thermal insulation and it found that the  circular 
gives best results of thermal insulation. Acoustic properties compacted at 

different frequency value at (250,500,1000 Hz) in order to measure the 

acoustic insulation for each configuration and it found the circular give the 

best result. 
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It was noted that the circular configuration give the best results for 

compressive strength of  56% and 38% of elliptical and rectangular shape 

respectively, thermal insulation and acoustic insulation. In addition, the 
thermal insulation and acoustic insulation was measured and compared with 

Unified Arab Codes for Building Design and Implementation(Thermal 

insulation code and Acoustic insulation code). 
 

Key words: Hollow Concrete Block, Compressive Strength, Thermal 

Insulation, Acoustic Insulation, Configurations. 

 

1 Introduction 
 

Hollow concrete blocks are defined as a block which had a space or gap 
area  larger than twenty five percent of the total area, it is one of the choices 

for the classical masonry units where speedier construction, excellent 

thermal, cost-effectiveness, and sound insulation properties can be obtained, 
and, that they have  less weight so that the dead load on the structure gets 

lessen [1].Numerous authors have investigated the absorption and 

compressive strength test for a hollow concrete block using various 

proportions from 1:1 to 1:6 for cement and sand. The best workability of the 
water-cement ratio was 0.5 which chosen from (0.4-0.6). The results showed 

that the target compressive strength obtained from the proportion of 1:5 

(cement to sand) was observed to be the minimum proportion. For the 
compressive strength, the declining strength of different proportions was 

gained when the number of sand added because cement has more effects for 

interacting thus each granular is hard to bind each other. Also, the absorption 
test results for the cement proportion to sand equal to 1:6 only reached the 

absorption test value. for mixing the hollow concrete block, the water-cement 

ratio of fifty percent was also properly workable. Therefore, the increasing 

value of absorption could be investigated through numbers of small openings 
would be increased as the cement amount was being restricted to tie an upper 

portion of the sand so that an air void will be existing, by the presence of the 

pores inside the hollow concrete block [2].  
The other authors showed that the mean compressive strength was 

11.25kg/cm
2
 regarding the total area when the blocks of hollow concrete for 

the size (400 ×200 × 200 mm) and the ratio was 1:3:6, while the blocks of 
hollow concrete for size (400 x 200 x 200 mm) combined with the grade of 

concrete 1:3:6 ratio gave the mean compressive strength of concrete was  

22kg/cm
2
. As well as the average compressive strength for 45kg/cm

2
 taking 

into consideration 87.8kg/cm
2
 and total area regarding the net cross-sectional 

area. These results noticed when using the blocks of hollow concrete for size 

(200 x 200 x 200 mm) when the proportion  1:3:6 of concrete grade. Also, 

they conclude that the cavity in the block improves the thermal isolation, as 
well as, increase of hollow cores number leads to improve the performance.  
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It was seen from this work that the optimum replacement was 25% for 

granite fines but any increase of granite fines reduce the compressive 

strength of the block [3].Energy consumption considered is one of the major 
utilization in buildings for the world. Therefore the use of buildings from 

thermally insulated concrete gives a significant role in environmental 

sustainability especially buildings saving energy. So, construction with 

suitable design and materials gives important saving energy [4].  
The energy consumption of buildings depends significantly on the 

standard used for operation and design. Therefore, the building structures of 

thermal insulation is a subject of basic importance in the design building and 
the acoustic protection of the internal environment is often considered less 

important or appropriate in after design time, as a result of the thermal issue. 

The major problem about the acoustic and thermal interpretation of building 
elements is that it's very difficult to optimize both performances at the same 

time because of the different physics phenomena related to these two aspects 

[5].Numerous researchers have investigated that various cavities 

configurations in hollow blocks may affect their transmissivity thermal. 
Numerical study was done on hollow clay bricks with changing the number 

and cavities size, and packing them by air or some materials such as 

polystyrene, cork or other insulating materials. Also, they concluded that the 
altering of the configurations of cavities may reduce transmissivity thermal 

about 20% [6]. 

In a similar study, observations performed on the heat transfer in the clay 

hollow blocks, taking into account different cavities configurations, 
emissivity, and design. They showed that the emissivity decreasing to about 

0.2, may decrease the thermal transmittance of the used block, and when 

used of polystyrene as filling solid material the values where equal [7]. 
Many previous researchs showed that sound insulation rises with a high 

level of material density and vice versa. Similarly, the sound isolation rises 

corresponding the thickness increasing with the stability of density. 
Additionally, increasing the sound isolation occurs with the frequency 

increased, where the observed increase is nonlinear but oscillated, also a 

relative decrease of the insolation of the sound is remarked for the different 

frequency levels, 2000 Hertz and 4000 Hertz. Moreover, sound isolation may 
be increased with the thickness of the gap incremental between any two 

adjacent layers and the decrease of noise level may be caused by sound 

transmission losses [8].  
While other authors concluded increasing the percentage of stones leads 

to increasing in sound insulation and rise the audio transmission loss of 

concrete significantly and in all frequencies. These conclusions was obtained 
when they studied the sound insulation test for a group of models concrete 

and added three materials to the concrete ratios different for each model to 

improve the sound insulation feature for concrete, these materials are rubber 

and two types from the stones (lapillus) and (pumice) [9]. 
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2 Objectives 
 

The objectives of this paper is to find the effectiveness of the changing of 

the shapes of the void area on the efficiency of the hollow cement block 

masonry. In this study, three sets of hollow masonry were evaluated and 
compared the different shapes of voids. Compressive strength, thermal 

insulation, and acoustic insulation were investigated for individual hollow 

blocks. 

  

3 Preparation of Specimen  
 

The hollow concrete blocks in present study was manufactured by the 

similar raw material and the same technical process to  specify an insulation 

of area of the gap on heat transfer. The physical dimensions of the test 

hollow concrete blocks are shown in Table (1). The size of hollow concrete 
block of (330x180x160 mm)with circular air gap, (330x155x180 mm) with 

elliptical air gap and (400x200x200 mm) with rectangular air gap were 

prepared according to Iraqi Specifications Fig.1, natural sand used in present 
study was taken from Bahr AL-Najaf was a local region at Al –Najaf city of 

4.75mm upper limit of size with classifying limited zone three (3) as 

compared with Iraqi specifications requirements [10]. Natural sand was 
mixed with ordinary portland cement and tested using the Iraqi standard to 

[11]. Finally maximum size gravel of 10mm such as a coarse aggregate 

material in all blocks, it was brought from the famous Iraqi region named Al-

Nibaee region to meet the Iraqi standards [10]. The analysis of chemical and 
physical characteristics of cement and grading of the fine and coarse 

aggregate are illustrated in Table (2).  

 

 
Figure 1: Hollow concrete block used for wall construction 
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Table (1): Sample Specification 

Details Sample Type 

 

HCB1 HCB2 HCB3 

Measurements of block 

(mm) 

330x180x160 

mm 

330x155x180 

mm 

400x200x200 

mm 

Thickness of web (mm) 25  25 30 

Thickness of face shell 
(mm) 

25 25 30 

Density (Kg/m3) 1969.7 1895.29 1624.38 

 

 
Table (2)  :The analysis of chemical and physical characteristics of cement and      

grading analysis of the fine and coarse aggregate used in this work 

 

Chemical Composition of Ordinary Portland Cement Used in this Work 

Oxide Composition By Weight % Limits of Iraqi spec.No.5/1984 

Lime (CaO) 62.2 - 

Silica (SiO2) 22.2 - 

Alumina (Al2O3) 2.4 - 

Iron oxide (Fe2O3) 4.2 - 

Magnesia (MgO) 2.4 ≤ 5.0% 

Sulphate (SO3) - ≤ 2.5if C3A >5.0% 

Loss on Ignition (L.O.I.) 2.9 ≤ 4.0% 

Lime saturation Factor (L.S.F.) 0.88 0.66-1.02 

Insoluble residue (I.R.) 0.99 ≤ 1.5% 

Physical Properties of Ordinary Portland Cement Used in this Work 

Physical Properties Test Results Limits of Iraqi spec.No.5/1984 

Specific Surface Area(Blain Method) 

Fineness (m²/kg).    

286 ≥230 

Setting time : 

-Initial setting (hrs: min)  
-Final setting (hrs: min)      

 

1:25 
4:40 

 

≥00:45 
            ≤10:00   (max) 

Compressive strength of mortar (MPa): 

3 days 

7 days 

 

19.75 

29.33 

 

       ≥15:00(min) 

       ≥23:00(min) 
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Fine Aggregate Grading Used for this Work 

Sieve Size (mm) Passing % Limits of Iraqi 

Spec.No.45/1984/Zone (3) 

10 100 100 

4.75 96.1 90-100 

2.36 89 85-100 

1.18 81.4 75-100 

0.60 68.8 60-79 

0.30 20.5 12-40 

0.15 3.6 0-10 

Grading of Coarse Aggregate Used for this Work 

Sieve Size (mm) Passing % Limits of Iraqi Spec.No.45/1984 
With 10mm 

14 100 100 

10 98.9 85-100 

5 13.9 0-25 

2.36 1.8 0-5 

 

4 Compressive Strength of the Blocks 

 
The compressive or mechanical strength of three (3) different samples 

was examined by applying the load value of 1800 kilonewton for all types of 

blocks. [12]. Table (3) illustrates the following results: 

 
Table (3) : Compressive Strength of Block Samples 

 Compressive Strength (N/mm2) 

 

 

Sample 1 Sample 2 Sample 3 Average 

HCB1 15.39 18.35 15.17 16.30 

HCB2 6 6.9 8.28 7.06 

HCB3 12.92 9.31 10.38 10.87 

 

5 Examination of Thermal Insulation 
 

The thermal conductivity was measured by many methods, in this study, 
the thermometer infrared technique was used, the test began when applied 

thermal source and the temperature was taken for two sides of the specimen. 

Also, the work comprised the determination of thermal for all gap blocks. 
The aim is to calculate the amount of heat transmittance the specimen. The 

following equation was used in this test [13]: 

                   (1) 
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Where: Q is the heat quantity through the block, L represents the block 

thickness, A denotes the block area of heat transfer and ΔT indicate the 

differences of temperature through surfaces of the block, and the following 
equation was used in this test for thermal insolence (R) determining:  

                 (2) 

Where: R is thermal insolence, K is thermal conductivity and D is specimen 
thickness. 

 

6 Acoustic Investigation 
 

The sound level meter device was used for acoustic insulation 

measurements. Measurements started when the sound was produced from 
mobile. Also, the sound source is composed of a frequency and tone 

generator program (tone generator) that gives a fixed frequency sound, used 

the wave at different frequencies (for 6 frequencies). The following equation 
was used in the sound insulation finding [14]:  

             (3) 

Where: L1 represents (ASPL)* at the area source, L2 is (ASPL) in the 
receiving area, S: area of the sample (block), A represents the equivalent of 

the sound absorption area in the receiving area. 

* avarge of sound pressure level 
  

7 Results and Discussion 
 

Experimental works of the thermal Insulation of three types of blocks are 

illustrated in the Table (4).  

 
Table 4: Thermal Insulations of Specimen 

 

 

At 25 cm 

Thermal Insulation (m.k/kw) 

 

Specimen 

HCB1 0.65 

HCB2 0.67 

HCB3 1.11 

 

 

 

At 50 cm 

Thermal Insulation (m.k/kw) 

 

Specimen 

HCB1 0.32 

HCB2 0.25 

HCB3 0.59 
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At 75 cm 

Thermal Insulation (m.k/kw) 

 

Specimen 

HCB1 0.1 

HCB2 0.18 

HCB3 0.57 

 

 

 

At 1m 

Thermal Insulation (m.k/kw) 

 

Specimen  

HCB1 0.07 

HCB2 0.10 

HCB3 0.26 

 
Average values for the compressive strength and thermal insulation of 

blocks indicated that the physical property strength of the block  increase 

with the gaps  number increasing, whereas the thermal insulation decreases 
when the temperature is measured at different distances, the best result was 

noted from the circular shape which compared with according to Unified 

Arab Codes for building design and implementation (Thermal insulation 
code) [13]. Consequently, this leads to conclude that is complex to make the 

best combination of the two parameters in the suitable concrete blocks 

selection. 

It is observed from the Fig.2 that there is a relationship between 
frequency and loss sound as the relationship between them is direct. Also, it 

was noted an increase in the frequency causing increased acoustic insulation. 

These results are observed for frequencies from 125Hz to 4000Hz. as well, 
increasing the sound isolation will occur with the block density increasing 

and vice versa. The circular air gap of concrete block was given better results 

compared to the other gaps. while the rectangular air gap was given a 
minimum performance rating for a hollow concrete block.  

 
Figure 2: Thermal Insulation of Specimen 
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8 Conclusions 
 

Analysis of the results from different observations shows the following: 
1-Results showed that the physical property strength of the block 

increase with the gaps number increasing, whereas the thermal insulation 

decreases when the temperature is measured at different distances. 
2-It is noted an increase in the frequency causing increased acoustic 

insulation. 

3-These results are observed for frequencies from 125Hz to 4000Hz. As 
well, increasing of the sound isolation will occur with the block density 

increasing and vice versa. 

4-The concrete block with a circular air gap was given better results 

compared to the other gaps for compression strength, thermal insulation, and 
acoustic insulation. 

5- The hollow concrete block with eight geometrical shapes (cavities) is 

chosen based upon both thermal, strength, and acoustic insulation ability. 
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