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Abstract:  

Masonry is one of the most commonly used 

constructions for the walls of buildings, retaining 

walls and monuments etc. At first, only clay blocks 

were used as masonry units, later on cement based 

concrete blocks were devloped. Hollow brick is 

defined as having greater than 25 percent and at 

most 60 percent void areas. Hollow unreinforced 

masonry walls have been popular for many 

applications including load-bearing construction, as 

long as lateral loads are small, thermal and acoustic 

applications. However, vertical loads, when applied 

eccentrically, have deleterious effects on member 

stability due to the flexural stresses they introduce 

and the associated tensile cracking that reduces 

effective cross-section depth. Though clay blocks are 

more efficient in case of thermal insulation but it is 

difficult to maintain the stability of hollow masonry 

walls..Composite blocks (like paper waste composite 

and compressed straw composite) are efficient for 

thermal and acoustic insulation but they have less 

compressive strength and higher moisture absorption 

property. 

Keywords  

hollow blocks, acoustic property, thermal 
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1. Introduction 

Ci Masonry is commonly used for the walls of 

buildings, retaining walls and monument. Masonry 

buildings constitute a significant part of the building 

patrimony of the world. Structural walls of these 

buildings were principally designed to resist gravity 

loads.At first, only clay blocks were used as masonry 

units.After time concrete block and composite blocks 

came to use.Nowadays hollow blocks are being used 

for masonry walls. Horizontal loads, induced by 

earthquakes, generate severe in-plane and out-of-

plane forces in these walls[1].Use of hollow masonry 

blocks is setting a new trend in the sector of 

masonry.Hollow concrete clay bricks, hollow 

concrete blocks and hollow composite blocks are 

mostly used hollow blocks.They have greater 

efficiency as compared to normal masonry blocks in 

each case as strength, thermal properties, acoustic 

behavior etc. 

2. Hollow Burnt Clay Bricks 

Originally, brick was formed by placing moist 

clay in a mold by hand. As modern industrial 

methods were implemented in the brick 

manufacturing process, the majority of production 

was changed from a molded process to an extrusion 

process. Extrusion more easily accommodates the 

inclusion of holes in a brick unit, which in turn can 

make the manufacture and use of brick more cost-

effective and material-efficient. Hollow brick are 

defined as having greater than 25 percent and at most 

60 percent void areas. Hollow brick are further 

classified into those with a void area not greater than 

40 percent and those with greater than 40 percent 

voids. 

Variation versus temperature of thermal 

characteristics of fired-clay is (a) Thermal 

conductivity, (b) Heat capacity, (c) Thermal 

expansion. 

From the experimental point of view, the 

simultaneous compression and tension along the 

diagonals of the wall produce a pure shear stress 

state which engenders the failure by cracking along 

the compressed diagonal. 
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The most common arrangement[2], which is 

considered here, is known as running bond and 

consists of offsetting hollow masonry units (e.g., 

hollow concrete block or jumbo hollow clay brick) 

so that the cells in the units are aligned and 

continuous vertical cavities are formed within the 

wall. Thicker walls with a similar geometric 

configuration can also be built using solid units (e.g., 

clay brick) by joining wythes of solid masonry with 

transverse diaphragms also made using solid units 

(a.k.a. diaphragm walls). Hollow unreinforced 

masonry walls have been popular for many 

applications including load-bearing construction, as 

long as lateral loads are small. However, vertical 

loads, when applied eccentrically, have deleterious 

effects on member stability due to the flexural 

stresses they introduce and the associated tensile 

cracking that reduces effective cross-section depth. 

Global (member) stability is an important aspect of 

the design of load-bearing hollow brick masonry 

construction under a combination of both axial and 

out-of-plane lateral loads. Despite its importance, 

this issue has not been addressed specifically in 

design codes. The lack of knowledge and 

information in this regard has hindered the 

development of new design rules and analysis 

methods. 

There exists a need to study the stability behavior 

of hollow brick masonry walls, and to provide a 

theoretical basis for improved design rules. The 

study summarized here was part of a larger 

investigation which included out-of-plane lateral 

loading: The computational results show that lateral 

loading affects the stability of slender unreinforced 

masonry walls much in the same way as eccentric 

axial loading[14] . Therefore, only the influence of 

axial load eccentricity is considered here. The 

behavior of hollow brick masonry walls subjected to 

in-plane bending has been investigated, both 

experimentally and numerically [16]. The research 

on the stability of solid masonry walls under out-of-

plane bending is also well documented . However, 

papers concerning the stability of hollow brick 

masonry walls subjected to out-of-plane bending are 

rare .  

Typically, cavities in hollow brick masonry walls, 

either diaphragm walls or walls made using concrete 

block or jumbo hollow brick, are distributed 

regularly in the mid-plane normal to the thickness 

direction. Masonry units with a large number of 

smaller cavities, as well as thinner face shells and 

webs, are not commonly used for load-bearing 

construction in the USA. Consequently, the present 

study is restricted to walls with the cross section. 

Out-of-plane bending is assumed to be resisted 

through one-way action of the wall spanning the 

vertical direction, and the additional resistance 

provided by two-way bending near the proximity of 

cross-walls is ignored herein[12]. Consequently, the 

wall can be simply modeled as a beam-column, and a 

more general model of the resistance of masonry to 

multiaxial states of stress is not needed here[16] . 

The depth of the beam element is equal to the 

thickness of the wall, and the width is equal to the 

center-to-center distance between cavities or 

diaphragms[17]. Any wall strip containing the same 

number of cavities and diaphragms is representative 

of the entire wall. 

The structural shear walls of a masonry building 

subjected to horizontal loading commonly present 

two types of failure[5]. The first one is out-of-plane 

failure, where cracks appear along the horizontal 

mortar joints. The second one is in-plane failure, 

generally characterized by a diagonal tensile crack. If 

the out-of-plane failure is avoided, then the structural 

resistance is mainly influenced by the in-plane 

behaviour of the shear wall. Because of the small 

height/width ratio , relatively large shear stresses 

could develop, being favourable to a non-ductile 

behaviour[5] . Besides, the brittle behavior of 

masonry units and mortar reduce the energy 

dissipation capabilities of the masonry element. 

There is a large number of parameters that take 

part in the mechanical behaviour of brick masonry: 

mechanical properties of brick and mortar, geometry 

of bricks, joint arrangement, etc. The evaluation of 

the influence of these parameters on the overall 

behaviour of a masonry panel is not simple, so 

masonry is often assumed to be isotropic elastic. 

Typical advantages are the reduction of execution 

time, thermal and acoustic insulation, the significant 

reduction of thermal bridges, the fire protection and 

the reduction of coating thickness, leading to a more 

sustainable building system by reducing energy 

costs[12]. With the evolution of building 

requirements, fired-clay masonry are being proposed 

in a continuous attempt to provide better solutions 

for fire resistance, earthquake, thermal and sound 

insulation, environment, etc.  Innovative solutions 

are carried out on several aspects: composition of 

material, geometry, baking temperature, assembling 

technique, etc.  

The unit comprises four chambers: 

Fixed chamber for simulation of outdoor 

conditions. Mobile chamber for simulation of indoor 

conditions, mounted on wheels and rails. Measuring 

box, situated within the mobile chamber, and under 

the same conditions, so that heat only flows through 

the sample. 

 Modern Fly ash bricks are manufactured using 

high end preprogrammed hydraulic machines. Bricks 

from these machines are tested for its quality and 

durability. 
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 It is noted that the fired clay bricks are relatively 

random in terms of geometry and physical 

characteristics.  The fire resistance of the wall 

depends totally on the spalling state, the factor which 

determines[29] the structural stability and integrity of 

the wall when exposed to flames. The determination 

of fire resistance of the wall is based on the spalling 

scenario. 

3. Light Weight Hollow Concrete 

Masonry Block 

Concrete block masonry is rapidly gaining 

popularity as a comparable material. Blocks, most of 

which have hollow cores, offer various possibilities 

in masonry construction, generally providing great 

compressive strength and they are generally best 

suited to structures with light transverse loading 

when the cores remain unfilled. Hollow blocks  are 

widely used due to the good thermal insulation, 

lightweight acoustic insulation. 

The masonry block units used in this study were 

brought from one local factory outside of Sana'a city. 

They have identical dimensions, configurations, and 

produced in one production batch. Standard hollow 

concrete block with a nominal size was 

100mm×200mm ×400mm, but dimensional 

operational varying in the range of 0.00mm to 

5.00mm for ease mold removal. So the actual 

dimensions are 95-100mm thickness × 195-200mm 

height × 395-400mm long. Mostly, the hollow 

concrete blocks specimens are manufactured into two 

types which are stretcher blocks and half blocks.[4] 

Figure 1 shows produced specimens' blocks. The mix 

ratio that used in this study was 1: 2: 3.65 by weight 

of cement: sand: coarse aggregate having a 

maximum size of 9.5 mm (3/8") blocks were 

produced by the manufacturing machine using 

vibration and pressure during the casting process. 

The nature of production of these blocks needs the 

amount of consistent water in the mix and thus 

standard slump is not desirable and thus zero slumps 

was used . With water /cement ratio of 0.38 by 

weight. The measurements were taken by a precision 

between (0.15 – 0.3 mm). The results[4] of these 

measurements are applied with requirements of 

critical dimensions needed. One type of laboratory 

experimental tests used physical tests only.  

Standards explain the test method for 

determination of the splitting tensile strength of 

concrete block units. The compressive load applied 

on the hollow and grouted concrete block unit until 

failure. The load was imposed by means of bearing 

bars, results in a tensile stress distributed over the 

height of the unit for the split length of the specimen. 

Two bearing bars across the face shell for stretcher 

block and half block were used[30]. The face-shell of 

stretcher block is divided by webs at the third point. 

Standards explain the test method for 

determination of the compressive strength of 

concrete block units. Axial compressive load applied 

to the hollow concrete block unit until failure. The 

load was imposed by means of bearing plate loading, 

results in a compressive strength distributed over the 

height of the unit for the top and bottom faces of the 

Specimen unit. From this test a lot properties and 

relations such as stress-strain relationship, elastic 

modulus, strength characteristic, and Poisson’s ratio 

can be obtained. All tests were started after 28 days 

after curing of block specimens units by water and 

casing inside the laboratory (Drysdale, et al. 1994). 

Two specimens were tested[30]. 

 



  

 

International Journal of Research 
eISSN: 2348-6848  & pISSN:  2348-795X Vol-5 Special Issue-13 

International Conference on Innovation and Research in 
Engineering, Science & Technology 

Held on 23
rd 

& 24
th
 February 2018,  Organized by Tulsiramji Gaikwad 

Patil College of Engineering & Technology, Nagpur,  
441108, Maharastra, India. 

 

 

Papers presented in ICIREST-2018Conference can be accessed from 

https://edupediapublications.org/journals/index.php/IJR/issue/archive  P a g e  | 162 

    

Experimental tests show the average maximum 

compressive force is 394 KN for the first type (type 

1) and 374.33 KN for the second type (type 2), and 

compressive strength of 13.54 N/mm² for the first 

type (type 1) and 12.63 N/mm² the second type (type 

2). Therefor we conclude that the direct loading on 

hollow concrete block (type 1) gives greater 

resistance compared to the second. 

Concrete block gives more compressive strength 

as well as it is economic.It can be used in load 

bearing wall etc.It also has a better earthquake with 

the help of steel reinforcement. So hollow block 

proves itself as a modern part of construction 

material[1].No leakage of water during rain.    These 

are not insulated from northern climates because the 

frame walls are not being insulated form the cold air. 

Characteristics of block unit for Absorption, 

Density, compression and Splitting strength 

tests(American standards).  
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Type 
Dimension 

(mm) 

Absorption 

% 

Density 

(N/mm³) 

10^-6 

Strength 

(kN) 

Splitting 

Strength 

(N/mm³) 

Compressive 

Strength 

(N/mm³) 

Standard 
No 

test 

1 
100 x 200 x 

40 
3.53 23.57 518.78 0.127 18.08 

ASTM 

C140 
6 

2 
100 x 200 x 

40 
2.77 24.11 509.24 0.186 17.15 

ASTM 

C1006 
6 

4. Composite Hollow Blocks 

Composite hollow blocks came into consideration 

due to their positive effect on economy as well as 

material properties like thermal and aucostic 

properties.Some examples are compressed hollow 

blocks with straw,paperwaste made from  hollow 

bricks and sisal fiber reinforced concrete block.In 

this article we have discussed about their properties 

from some tests taking into consideration.  

5. Sisal Fiber Reinforced Concrete 

Hollow Block: 

 The use of unconventional building materials 

(green materials)is rapidly increasing for the 

construction of sustainable buildings.Special 

attention is given to concrete blocks reinforced by 

vegetable Fibers such as sisal fiber. According to 

these surveys, cellulose or vegetable fibers enhance 

the mechanical, thermal and physical performances 

of cement-based composites when added to the 

cementous matrix, as they increase their flexural 

strength, toughness and impact resistance,reduce 

shrinkage on drying and thermal conductivity, and 

increase sound absorption.[3] 

Compared to plain concrete specimens, sisal 

fibers reduce the propagation of cracks by 

controlling their opening, and may delay rupture of 

concrete elements [3]. The resulting composite has 

higher tensile and impact strength, higher Na and 

Kundu [16] used MsS for internal inspection of voids 

and inclusions in concrete-filled steel pipes. It was 

shown that the MsS system could generate different 

guided wave modes propagating along the steel pipe; 

and these waves were sensitive to the defects in the 

pipe. The received wave amplitudes decreased as the 

length of voids and inclusions increased. To 

overcome the major disadvantage of MsS, that is, the 

relatively low ultrasonic energy transmitted, Na and 

Kundu [16] developed a hybrid approach combining 

PZT and MsS. This method was very effective for 

steel bar-concrete interface inspection. Bouchilloux 

et al. [17] measured the stress of the steel cable based 

on the reverse magnetostrictive effect. The accuracy 

of the MsS was within 3%; but the perturbation of 

temperature affected the accuracy. The difference 

between two extremes of temperature, that is, 

between 10◦C and 50◦C, was 6%. Rizzo and Di 

Scalea [18] used the discrete wavelet transform to 

extract damage-sensitive features from the signals 

detected by MsS to construct a multidimensional 

damage index vector. The damage index vector was 

then fed to an artificial neural network to provide the 

automatic classification of the size of the notch and 

the location of the notch of multi-wire strands. MsS 

can generate different guided wave modes by simply 

changing the coil or magnet geometry. They can 

work without any couplants. Guided waves have 

strong potentials for monitoring because of the 

capability for long-distance inspections. However, 

MsS is only suitable for ferromagnetic materials. 

Relatively low ultrasonic energy with low signal to 

noise ratio can be transmitted. And the induced 

energy is critically dependent on the probe proximity 

to the object being tested. energy absorption capacity 

and good performance even during the post cracked 

stage.Compared to plain concrete specimens, sisal 

fibers reduce the propagation of cracks by 

controlling their opening, and may delay rupture of 

concrete elements . The resulting composite has 

higher tensile and impact strength, higher energy 

absorption capacity and good performance even 

during the post-cracked stage. Materials and concrete 

mixed In the preparation of the concrete mix, 

cement, sand, coarse aggregates, sisal fibers and 

water were used. Details on the individual materials 

and the mix design are given hereafter.  

.In the preparation of the concrete mix, 20 mm-

long sisal fibers were used at 1% ratio with respect to 

concrete volume along with cement,fine aggregate 
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and coarse aggregate[3]. The reinforcement was 

added in the form of individual fiber. 

Apparently, adding sisal fibers has no positive 

effect on the mechanical properties of the blocks: in 

particular, the compressive strength decreases of 

nearly 26% compared to blocks in plain 

concrete.Indeed, fibers decrease the material density, 

increase water absorption and the number of voids in 

concrete.  This in contrast where fibers were  found 

to increase the tensile strength of the blocks.[3] 

As the energy consumption and indoor 

environmental quality defers in cases ,especially in 

rural areas . The study on coupled heat and moisture 

transfer in hollow concrete block wall filled with 

compressed straw bricks can not only improves 

indoor air quality and hydro thermal environment but 

also provides the basis for energy conservation and 

marketing new materials.[19] The aim  is to reveal 

heat and moisture coupling mechanism of hollow 

concrete block wall filled with compressed straw 

bricks by experiment.  

There are two types of HCB that the basic type 

and the half type, which has the size of 395 × 240 × 

190 mm (l × w × h) and 195 × 240 × 190 mm 

respectively. The basic type is the load-bearing block 

while half type just plays the role of supporting the 

basic block.[19] The hollow ratio of HCB is 

increased to 50.85% and the ribs are lengthened to 

reduce thermal bridge effect and increase thermal 

resistance.. The indoor environment testing results of 

the pilot building showed that indoor environment 

has good thermal performance. In mechanical 

performance, the compressive strength of HCBCSB 

is 10 Mpa. 

 

The experiment on coupled heat and moisture 

transfer in hollow concrete block wall filled with 

compressed straw bricks was carried out .The 

temperature gradient has an important influence on 

the redistribution of relative humidity and moisture 

inside the wall .The results also show that filling 

compressed straw bricks into hollow concrete block 

can hinder temperature transfer and improve 

moisture buffering performance of tested wall. 

Owing to the lower water vapour permeability 

coefficient, compressed straw bricks can play an 

important role in hindering moisture transfer in 

multilayer wall.[19]  

Excellent low-cost, environment friendly and 

energy saving construction materials. These 

properties are derived from their On the one hand, 
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paper processing waste is used as an additive to an 

earthenware brick to produce the pores. Paper 

production inevitably produces large amounts of 

waste containing cellulose fibers along with calcium 

carbonate and clay minerals.This waste contains 

about 65% water and is generally dumped on land 

disposal sites in Turkey. Paper producers are seeking 

ways to eliminate this waste in an environmentally 

friendly way. 

 
 

Brick producers use large amounts of natural 

clayey raw materials for production of earthenware 

bricks with wide composition variations. Therefore, 

these products can tolerate composition variations 

due to changes in the raw materials. Hence, in some 

cases  they are capable of incorporating appropriate 

ratios of waste without significantly losing their 

product quality . 

Composite hollow blocks can also be made by 

using paper waste [17].The basic qualities of paper 

waste bricks are that it should be free from 

cracks[33].They have low thermal conductivity and 

low water absorption quality when soaked in 

water[29]. 

Results obtained revealed that bulk densities 

decreased steadily with an increase in the amount of 

the paper waste.  , which corresponds to a decrease 

by up to 30% compared to density of the brick 

without paper waste[29].  Also, their water 

absorption values increased depending on the mass 

ratio of waste addition.Thermal conductivity of the 

porous brick with 30% paper waste showed a 

reduction of 43% according to the brick without 

paper waste. This reduction in thermal conductivity 

of the materials encouraging for higher energy 

saving potential in building applications. The 

compressive strengths of fired clay brick samples 

were measured. Paper waste addition and the 

resulting porosity decreased the compressive strength 

of the brick samples which were still higher than the 

minimum standard strength values of 7 MPa[17] . 

Their apparent porosity and water absorption values 

were increased by increasing waste addition.have 

good conductivity[29].They provide less insulation 

as compared to clay blocks and when temperature 

increases concrete blocks also get heat 

6. Acoustic Behaviour 

Hollow bricks are widely used as building 

structural elements. Their  acoustic properties are 

greatly influenced by the  pattern of the blocks.[15]  

Multilayer materials have been widely used as an 

effective sound attenuation material feasible 

prediction via a so-called transfer matrix method is 

often used. This method is based on a theory, which 

says that the relation between the pressure and bulk 

flow of two ends of a sound propagating route can be 

expressed by a matrix.In solid blocks sound 

insulation is very high as the sound waves cannot 

pass through it properly.In case of both concrete and 

clay hollow blocks there are two surfaces for 

reflection of sound wave so the may can be better 

insulator but with same they have higher echo 

effect[23].Fiberous material such as cellulose fiber or 

glass fiber or any other fiber can act as good acoustic 

insulator as they are good  in absorbing the sound 

wave.So composite hollow blocks have better sound 

insulation[24].  

7. Thermal Properties 

Thermal conductivity of the blocks mainly depend 

on their material density and volume of voids 

present[18].In case of excessive heating like solar 

overheating it is better to increase the height of the 

clay brick than their thickness.For hollow clay blocks 

it is found that as voids are less it gives good thermal 
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insulation from heat and temperature as they have 

higher density,while in case of light weight hollow 

concrete blocks they ed rising the inside temperature 

of the wall where they have being used.They are 

good conductors of heat as they have more inside 

voids as compared to clay blocks[24]. 

In case of composite blocks of hollow clay bricks 

filled withpaper waste,it is found that they decrease 

the thermal conductivity[29].Use of paper waste 

reduced the fired density and increased the apparent 

porosity and water absorption[20].It manly produced 

porous and lightweight clay blocks with reduced 

thermal conductivity and useful in tropical 

conditions[24].For the hollow concrete blocks filled 

with compressed straw it shows that they can hinder 

the temperature transfer and improve moisture 

buffering. 

8. Comparision And Discussion 

Here, in this paper the different properties of 

hollow masonry blocks of different material are 

discussed. When it comes to compressive strength, 

hollow concrete blocks are superior to clay bricks 

and composite hollow blocks, whereas sisal fiber 

reinforced blocks provide greater tensile 

strength..Though clay blocks are more efficient in 

case of thermal insulation but it is difficult to 

maintain the stability of hollow masonry 

walls..Composite blocks (like paper waste composite 

and compressed straw composite) are efficient for 

thermal and acoustic insulation but they have less 

compressive strength and higher moisture absorption 

property. Hollow blocks,in other hand are 

economical for masonry walls carrying less amount 

of load and they can give a better architectural  view 

to the wall. 
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