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     The development of the modern techniques utilized in the concrete industry 

leads to the emergence types of concrete with different densities compared 

with normal concrete and the purpose of the density is to reduce the weight of 

the concrete. This density can be obtained by using a light-weight aggregates 

and by using materials available locally. 

     This research studying the effect of using lightweight novolac resin as 

coarse aggregate with sand and cement with  water/cement ratio (0.4).The 

samples were tested at the age (28) days. It includes the mechanical properties 

(compressive strength) and insulation properties (thermal and acoustic) and 

volumetric mixing ratios ( 1:2:4 ). 

     Also this research studies the effect novolac resin hardened as coarse 

aggregate with sand and cement with water/cement ratio (0.4) and studying 

the effect novolac resin as coarse aggregate with sand and cement with 

presence of heat as assistant. The samples were tested at the age (7) days. It 

includes the mechanical properties (compressive strength) and insulation 

properties (thermal and acoustic) and volumetric mixing ratios (1:2:4). 

     It Also studies the  effect for crushed novolac resin hardened and cement 

with the presence of heat and pressure as assistant factor on some mechanical 

properties (compressive strength) and insulation properties (thermal 

insulation), equal proportions of crushed novolac resin hardened and cement 

were mixed (Bakelite concrete ) and test at the age of ( 2 ) day and compared 

the result with normal concrete. 

Abstract 
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     The laboratory work included three different parts: the first part was 

casting 18 cubic (100 mm) to measure the compressive strength, the second 

part was casting 10 circular discs ( 100* 2.5) mm
2
 to measure thermal 

conductivity and the third part was casting 4 square plate with dimensions ( 

230 * 230* 8 ) mm
3
 to measure acoustic insulation. 

     The results of  laboratory tests used to obtain the mechanical properties  

(compressive strength) and insulation properties (thermal and acoustic) 

showed result good and high compared with normal concrete, examined SEM 

and through image showed correlation between concrete components (crushed 

novolac resin hardened and cement with the presence of heat and pressure as  

assistant factor (Bakelite concrete). 

     The results indicated that concrete consists of (crushed novolac resin 

hardened  and cement with presence of heat and pressure as assistant factor) 

[Bakelite concrete] led to increase in compressive strength (92 MPa) and 

density of 1761.1 kg / m
3
 at the age of ( 2 ) days and low thermal conductivity 

(0.211 W/m.
0
C). 

     The previous result show the possibility of using the new product in 

laboratories building which require high insulation properties ( thermal and 

acoustic ) in addition to use in foundations of buildings, dams and is suited to 

support construction in seismic zones.   
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Introduction  

1.1: General  

     The most widely used construction material is concrete, commonly made 

by mixing Portland cement with sand, crushed rock and water. Last year in the 

U.S.A, 63 million tons of Portland cement were converted into 500 million 

tons of concrete, five times the consumption by weight of steel. In many 

countries the ratio of concrete consumption to steel consumption exceeds ten 

to one. The total world consumption of concrete last year is estimated at three 

billion tons, or one ton for every living human being. Man consumes no 

material except water in such tremendous quantities. Today, the rate at which 

concrete is used is much higher than it was 40 years ago. It is estimated that 

the present consumption of concrete in the world is of the order of 55 billion 

tons every year [1]. 

     The lower density and higher insulating capacity are the most obvious 

characteristics of lightweight aggregate concrete (LWAC) by which it 

distinguishes itself from normal density concrete (NDC) [2]. 

     The density of concrete can be decreased through substitution  some of the 

solid material in the mix by air in three locations either cement paste, 

aggregate or between the coarse aggregate particle. One of these methods is 

manufactured lightweight aggregate concrete [2]. 

     LWAC has been used successfully for structural purposes for many years. 

A decreased density for the same strength level permits a saving in dead load 

for structural design and foundation. Moreover,  lightweight concrete is more 

resistant to fire and provide best heat and acoustic insulation than concrete 

with normal density [2]. 
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     Structural lightweight aggregate concrete has many and varied 

applications, including multistory building frames and floors, curtain wall, 

shell roofs, folded plates, bridges, prestressed or precast elements of all types, 

marine structures, and others. Many architects, engineers, and contractors 

recognize the inherent economies and advantages offered by this material, as 

evidenced by the many impressive LWC structures found today throughout 

the world [3]. 

1.2: Definition of lightweight aggregate concrete  

     Definitions of lightweight concrete are generally based on their density 

[2],[4]. AC1 213R-03 defines this material as, structural concrete made with 

lightweight aggregate; the air dried unit weight at 28 days is usually in the 

range of 1440 to 1850 kg/m
3
 and the compressive strength is more than 17.2 

MPa. The unified European standard RLLEM/CEN ENV defines structural 

LWAC as concrete having a closed structure and an oven dry density of not 

more than 2000 kg/m3 [2],[4]. In many codes lightweight aggregate concrete 

is defined as a concrete having an oven-dry density of less than 2000 kg/m
3
. 

However, LWAC can be produced within a range from 300 to 2000 kg/m
3
, 

corresponding to cube strengths from 1 to over 60 MPa [2], [4]. 

1.3 :Types of lightweight aggregate  

1.3.1 The natural  

     The main aggregates classified in this category are diatomite, pumice, 

scoria, volcanic, cinders and tuff [5],[6]. 

1.3.2 Manufactured aggregate  

    The industrial by products used for producing LWA are Lytag, (blast 

furnace slag) BFS, industrial waste, sludge, etc.  [2],[3],[6]. 
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1.4: Applications of lightweight aggregate concrete in Iraq 

     For a long time, researchers in this country had shown a great   interest in 

heat insulating lightweight materials. Moreover, they experimented many 

materials,  such as rice husks and hay with clay or gypsum, as binding 

materials to lighten dead loads of roofs [7].  

     The use of LWC in Iraq is limited to very few buildings, and the aggregate 

used in most cases was imported. For example, the LWA of the expanded clay 

type was used in the dome of the Martyr monument as well as in the flooring 

of telephone exchanges in Baghdad [8]. 

     Polystyrene aggregate was used in making LWC for the penthouse walls of 

the University of Baghdad buildings in 1980, which is still in good condition. 

Also in the false ceilings of Conference Center Building, another type of 

imported aggregate is commercially known as lytag was used [7]. 

1.5: Phenol-formaldehyde (PF) resin 

     Phenol formaldehyde (PF) resins are a large group of oligomers and 

polymers, which consist of various structures as resulting products from the 

reaction of phenol and formaldehyde. When the phenolic resins first 

introduced in the 1900s, they were primarily used in molding parts, insulating 

vanishes, industrial sheeting and coating. Later, phenolic resins were utilized 

as wood adhesives wood and fiber bonding to make composite. Despite the 

innovation of new types of thermosetting resins and other high-performance 

polymeric materials, phenolic resin still retains its important application in 

these areas and further to high-technological development especially in 

electronics and aerospace. This is due to the highly stable nature of phenolic 
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resins with ultimate mechanical strength acquired during the curing process. 

Besides, they are inherently resisted against heat, flame and chemicals, which 

brings the application of PF resins to aerospace and transportation industry as 

thermo-structural materials [9-10] 

     Phenolic resins are synthesized from the petroleum-based phenol or 

substituted phenol with formaldehyde under either alkaline or acidic 

condition, which are known as resol and novolac PF resins accordingly [11]:- 

1.5.1 Resol resins 

1.5.2 Novolac resins 

1.5.1 Resol resins  

     Resol resins are produced under alkaline condition with base catalyst and 

formaldehyde to phenol ratio of greater than one. During the resin synthesis, 

phenol is first reacted with formaldehyde, in the form of formaldehyde 

monohydrate ( methylene glycol), to form the hydroxymethyl-substituted 

phenol called methylol phenol (Figure1.1) [12]. 

 

Fig (1.1). The reaction of phenol with formaldehyde to form methylol 

phenol [12]. 

     The main application of resol resins are used as wood adhesive for bonding 

wood panels, chipboards or fiber for constructional use. They are also 
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commonly used for laminate manufacture and foamed plastics production 

[13]. 

1.5.2 Novolac resins 

     The novolac resins are produced under acidic condition with formaldehyde 

to phenol ratio of less than one. The first step in the novolac resin synthesis is 

the conversion of formaldehyde (methylene glycol) in to hydrated carbonium 

ion under the effect of acid catalyst(Figure 1.2). The hydrated carbonyl 

compound then attacks the phenol molecule on its para- and or ortho- position 

to from the corresponding para- or ortho- benzylic ions with hydroxymethyl 

groups through dehydration reaction [10]. 

     Since hydroxymethly group on the benzylic  ions  are  unstable in acidic 

condition.. These hydrated benzylic ions further react with additional  phenol 

and add to the free para- and ortho- sites on the phenol molecule by creating a 

methylene bridge between two phenolic aromatic rings [10]. 

     The resulting methylene linked ortho- ortho, ortho-para, and para-para 

bisphenols shown in (Figure 1.3). The para- site is twice more active than the 

ortho- site, however, each phenol molecule has two ortho- sites and only para-

site. Therefore, the fractions of ortho- ortho- para and para bridge are roughly 

even in the reaction product. The ortho- para bridge is dominant, 

approximately 50- 75%, in the acid- catalyzed novolac resins [10].  
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Fig (1.2). The reaction of formaldehyde and phenol in novolac resin [10]. 

   

 

Fig (1.3). Methylene linked ortho-ortho, ortho-para, and para-para 

bisphenols [10]. 

     Since reaction can happen at any of the three positions on each phenolic 

aromatic ring,  the resulting novolac polymer acquires a complex structure 

with different polymer sizes and molecular weight up to 5000 g/mol. The 

reaction terminates as all the formaldehyde are consumed leaving with 
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approximately 10% of excess phenol, which can be removed along with water 

during the further distillation of the resin [12]. 

     The reaction rate is directly related to the concentration of phenol, 

formaldehyde and the catalyst loading, while ainversely proportionate  to the 

concentricity of water. The arate of aformation of methylene-linked bisphenols 

is 5-10 times higher than the rate of formation of benzylic ion intermediates 

[10]. 

 At typical amolecular weights of five hundred-one thousand g/mol, the 

novolac resins do not  have reactive hydroxymethyl groups because of the 

present of excess phenol in the reaction mixture. Therefore, novolac resins are 

relatively stable in comparison to resol resins and acquired a liner structure at 

relatively low molecular weight. At higher molecular weights of above 1000 

gm/mol, branching occurs as the reactions continue between the end groups 

and unreacted phenol. The finish groups are reactive than the fundamental 

collection during the curing process. Therefore, branched resins with more end 

groups have faster curing time than resin with linear structure. Moreover, the 

resin structures and properties also depend on the catalyst type and reaction 

condition. The typical acid catalysts used in novolac resin synthesis are 

sulfuric acid, asulfonic acid , oxalic acid, aphosphoric acid and hydrochloric 

acid [10]. A novolac production in Iraq was at state company for mining 

industries ( That Al-Sawari general company) previously. Resins factory was 

established in 1989 by the supervision of the geometric directorate for the 

petrochemical projects and was effectively operated in 1992 as shown in 

figure (1.4). 
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Fig (1.4) the novolac production in Iraq at That Al-Sawari general 

company. 

1.6: Curing of novolac resins 

     Novolac resins are commonly referred as two-stage resins due to the fact 

that these resins are thermoplastic with partially cross-linked structure and 

subsequent step is required in order to achieve fully cross-linked. This 

subsequent step involves the addition of a second reactive compound as curing 

agent, usually hexamethylenetetramine (HMTA), to harden the novolac resins 

typically, 5-15% of HMTA are used to react with the resin and phenol in order 

to thermoset the resin by further linking and polymerizing the resin with 

methylene bridges between molecules[12]. 
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Fig (1.5 ) curing reaction of novolac resin with HMTA [12]. 

     As shown in the (Figure1.5) benzoxazine is formed at the beginning of the 

curing reaction. Then all the benszoxazines are decomposed to benzylamine 

intermediates before forming the final product diophenylmethanes (DPM). 

The large amonut of ortho-ortho diphenylmethane end groups in the resin 

increase the resin’s reactivity towards HMTA. These diphenylmethane ending 

groups areact with HMTA to from abenzoxazine first and then decompos to 

from methylene bridges with the empty sites on novolac molecules to increase 

the cross-linking density of resin [10]. 
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     As a result, the cured resins have a complex three-dimensional polymer 

structure with high molecular weight, which enhances the resin’s hardness and 

resistant against heat chemical [12]. 

1.7: Applications of novolac resins  

     Novolac PF resins have a broad range from aindustrial applications in 

molding, manufacturing frication materials for transportation sector, 

fabricating and bonding phenolic fiber, and used as reinforcement resin for 

ruber. 

     Molding- Novolac resin plays an important arole in the thermal molding 

manufacture. The mixture of novolac resins, curing agent (typically HMTA ), 

reinforcement fillers and other additives, such as pigments, accelerating agent 

and lubricating agent, are treated to produce the moldable thermoset materials. 

In some nitrogen-sensitive  electric applications, in which the ammonia 

produced from the reaction involving HMAT may corrode certain ametals 

such as acopper and silver, resol resins can be used as an altrnative curing 

agent during the moldin process. The novolac-based thermosetting molding 

materials have desirable flow characteristcs and fast time. The molded 

products exhibit an outstanding resistance against heat, flame and chemical 

with desired hardness. Three typical processes for the novolac resin molding 

are compression, transfer and injection molding. Since the molding material 

becomes fluid upon heating, compression molding is the most suitable process 

for molding novolac resin with a typical temperature range between 140-190 

0
C and pressures from 13.8 to 55.5 MPa [10]. 
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1.8: Bakelite 

     It is a thermosetting phenol formaldehyde resin, formed from a 

condensation reaction of phenol with formaldehyde. It was developed by the 

Belgian-American chemist Leo Baekeland in Yonkers, New York, in 1907. 

One of the first plastics made of industrial component, bakelite was utilized to 

its electric non-conductivity and heat-resitant characteristics in electric 

insulators, radios and telephone casings and such varied products as 

kitchenware, jewellry, pipstems, kid’s toys and firearms. The “retro” 

appealing of old bakelite products has made them collectible[14]. 

1.9: Significance of the study 

     The significance of the study stems from the fact that it is possible to 

produce new lightweight concrete aggregate from novolac resin which is 

available in Iraq amounts and is manufactured from petroleum.  

1.10: Amis of the study  

     The aim of the study is to manufacture concrete which is characterized by 

the following: 

1- Light weight aggregate concrete within the specifications for light 

weight. 

2- A high compressive strength compared with normal concrete. 

3- Thermal insulation and acoustic good compared with normal concrete. 

4- Resistance to climatic influences in Iraq. 

5- Fire resistance and the internal and external crack. 
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1.11: Thesis layout  

     The work presented in this thesis is given in five chapters: 

Chapter one:  Includes a general introduction and significance of the study & 

aims of the study. 

Chapter two: The theoretical part  on the polymer concrete (PC) and reviews 

of previous  researches. 

Chapter three: Explains the experimental program  which includes materials, 

mix design , sampling and tests. 

Chapter four: The test results  are presented and discussed.  

Chapter five: Presents the conclusions and recommendations for further  

researchers. 
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Theoretical And Literature Review 

2.1: General 

  Developments in civil engineering and industrial growth have created a 

continual demand for building materials with new and improved performance 

attributes. For the time being, requirements to be met by construction 

materials include not only strength features but also chemical resistance, 

resulting from the increasing contamination of the natural environment, 

leading to the need to protect and increase the durability of  building structures 

[15]. 

     Polymer concrete is a composite materials in which the binder consists 

entirely of a synthetic organic polymer. It also known as synthetic resin 

concrete, plastic resin concrete, or simply resin concrete. Because the use of a 

polymer instead of Portland cement represents a substantial increase in cost, 

polymers should be used only in applications in which the higher cost can be 

justified by superior characteristics, low labor cost, or low energy 

requirements during processing and handling. It is therefore important that 

architects and engineers have some knowledge of the capabilities and 

limitations of polymer concrete materials in order to select the most 

appropriate and economic product for a specific application [16]. 

     There are situations for which polymer concrete proves to be the most 

appropriate material for the intended application, since conditions often dictate 

specific material requirements that may be met by polymer concrete when 

several composites characteristics are considered simultaneously [17]. 
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     PC consists of a mineral filler, for example an aggregate, and a polymer 

binder, which may be a thermoplastic, however more frequently is a 

thermosetting polymer (Figure2.1). When sand is used as a filler, the 

composite is referred to as polymer mortar. Other fillers include crushed 

stone, gravel, limestone, chalk, condensed silica fume (silica flour, silica 

dusts), granite, quartzite, clay, expanded glass and metallic fillers. mostly, any 

dry, nonabsorbent, solid material can be used as filler [18]. 

 

 

Fig2.1   Composition of a polymer concrete [18]. 

 

 

 



Chapter Two                                     Theoretical & Literature Review     

 

15 
 

2.2: Composition of polymer concretes 

    PC is a composite material in which aggregates are bonded together with 

resins in a polymer matrix. Performance of polymer concrete is strongly 

dependent on various types and the mixed proportions of aggregates and 

resins [19]. 

    PC, as highly filled polymer compositions, can be prepared on any synthetic 

binding. But, because of the requirements for density, strength, deformability, 

chemical resistance and other properties about ten different types of 

monomers or oligomers are used in practice [20]. 

     The polymer concretes are distinguished by nature of the binder, furans, 

polyester, epoxy, PF, carbamide and so on. The classification of the main 

types of PC according to the kind of synthetic resins involved is shown in 

Figure 2.2 [21]. 

     A variety of aggregate types have been used in PC silicates such as gravel, 

limestone, calcareous rock, granite, clay, quartz, crushed stone, silica sand or 

calcium carbonate (CaCO3), as well as fine fly ash, phosphor-gypsum, cinder 

and silica fume. Several silica sands  have been used in the foundry industry   

[22]. 

     Aggregate used must be usually dry and free of dirt to get the best bond 

between aggregates and resin. Fig 2.3 show some aggregates  system used in 

polymer concrete mixtures [23]. 
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Fig2.2 Classification of polymer concretes [21]. 

 

 

            Fig 2.3 Most common aggregate systems used in PC.   
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      One such combination is polymer concrete with 15 Wt% (weight 

percentage) of resin and 85 Wt% of siliceous sand with grain sizes of 245mm 

to 343mm. Other ingredients added to the mix include plasticizers and fire 

retardants. Sometimes coupling agents are used to increase the bond strength 

between the polymer matrix and the filler. Setting times for development of 

maximum strength can be readily varied from a few minutes to several hours 

by adjusting the temperature and the catalyst system. The amount of polymers 

binder used is generally small and is usually determined by the sizes of the 

filler. Normally the polymer content will range from 5% to 15% of the total 

weight, but if the filler is fine, up to 30% may be required [16,20]. 

2.3: Types of polymer concrete 

    A wide variety of monomers and polymers are used to produce polymer 

concrete. The polymers most frequently used are based on five types of 

monomers or pre polymer systems: 

2.3.1 Epoxy  

2.3.2 Carbamide (urea-formaldehyde)  

2.3.3 Acryl(methyl methacrylate) 

2.3.4 Furan (furfuryl alcohol) 

2.3.5 Polyester 

 

 

 



Chapter Two                                     Theoretical & Literature Review     

 

18 
 

2.3.1 Epoxy 

     It was concluded that the amount of resin and filler in the chemical 

composition of the fabricated epoxy polymer concrete had a great influence on 

identification of the maximum physical strength. The polymer concrete 

specimen with 15%with resin and 200% filler resulted in maximum 

compressive and flexural strength. The tensile strength was maximized with 

20% resin and 200% fillers. The mechanical strength of fabricated polymer 

concrete was 4 to 5 times higher than Portland cement concrete [19]. 

2.3.2 Carbmide polymer concrete 

     Carbamide (urea-formaldehyde) resin is prepared by the poly condensation 

reaction of urea and formaldehyde in aqueous-alcoholic medium. It should be 

noted that carbamide resins contain a large amount of free water (30%-40%), 

which leads to more shrinkage during curing of the composition. In some 

cases this leads to cracking of the material[21]. 

2.3.3 Acryl polymer concrete 

     The more common acrylic polymer is polymethyl methacrylate, which is 

obtained by polymerization of methyl methacrylate (MMA). The material 

consists of a high- way - grade aggregate and a matrix produced by cross-

linking MMA with trimethylol propane trimethacrylate or other polyfunctional 

acrylic oligomers. Polymer concrete made with this acrylic polymer as a 

binder is a versatile material, has excellent weathering resistance, good 

waterproofing properties, good chemical resistance and relatively low setting 

shrinkage (0.01%to 0.1), it’s coefficient of thermal expansion is equivalent to 

that of Portland cement concrete [16,20]. 
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2.3.4 Furan polymer concrete 

     Furan polymers are based on furfuryl alcohol, which is derived from 

agricultural residues such as corncobs, rice hulls, oat hulls or sugar cane 

bagasse. The furan prepolymere is usually cross-linked with furfuryl alcohol, 

formaldehyde to yield thermosetting polymers, highly resistant to most 

aqueous acidic or basic solutions and strong solvents such as ketones, 

aromatics and chlorinated compounds [20,21]. 

2.3.5 Polyester polymer concrete 

     Polyester  resins like epoxy are a type of thermosetting resins, obtained by 

poly condensation. They have a low viscosity and materials that are based on 

them have high mechanical and electrical insulating properties and high 

resistance to acids, gasoline, oils. Polyester polymer concrete PC has high 

mechanical, cohesion and adhesion, strength ,good chemical and freeze-thaw 

resistance [20,21]. 

2.3.6 Other types of polymer concrete    

     Polymer concretes based on phenol-formaldehyde, acetone-formaldehyde 

resin, monomers and methyl methacrylate are much less common [21]. 

2.4: Physical- mechanical properties of polymer concrete 

         Polymer concrete composites have generally good resistance to attack by 

chemicals and other corrosive mediums, they have very low water sorption 

properties, good resistance to abrasion and marked freeze-thaw stability. Also, 

the greater strength of PC in comparison to that of Portland cement concrete 

permits the use of up to 50% less material. This puts PC on a competitive 
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basis with cement concrete in certain special applications. The chemical 

resistance and physical properties are generally determined by the nature of 

the polymer binder to a greater extent than by type and the amount of filler. In 

turn, the properties of the matrix polymer are highly dependent on time and 

the temperature in which it is exposed [16]. 

     The viscoelastic properties of the polymer binder give rise to high creep 

values. This is a factor in the restricted use of polymer concrete in structural 

applications. Its deformation response is highly variable depending on the 

formulation  and the elastic module may range from 20 to about 50 GPa, 

tensile failure strain being usually 1%. Shrinkage strains vary with the 

polymer used (high for polyester and low for epoxy-based binder) and must be 

taken in to account in an application[20]. 

2.5: Review of previous work  

     In 2001, Jingyao Cao and  D.D.L. Chung [24] studied cement mortar 

reinforce via shortened carbon fiber was improved by utilizing acrylic 

dispersal as an mixture in the contain from fifteen percent by mass from 

cement. The amelioration from the tensile characteristics (specially strength 

and ductility) was much than those obtained by using methylcellulos, styrene 

acrylic. Acrylic was efficient whether silica fume was existent or not. But, for 

lower the electric resistivity, methylcellulose in collection with silica fume 

was most efficient. 

     In 2002, H.A. AL-Falahi, [25] prepared composites, phenol-formaldehyde 

(novolac) resin as matrix. which is used for insulation of exit cone of solid-

propellant. Among all the resulting composites, it was found that the type, 

shape and the method of preparation affect the mechanical properties. 
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     In 2004, S. Eli ton and et.al [26] investigated the mechanical 

characteristics (tensile, flexural, effect and dynamic mechanical thermal 

analysis) from novolac kind phenolic composite reinforce with jute/cotton 

crossbred knitted fabrics. Results showed that the composites characteristics 

were strongly influence by test trend and roving/fabrics properties. Better 

overall mechanical characteristics were obtained for the composite test along 

the jute rovings direction. Composite test at 45
0
 and 90

0
 with respect to the 

jute roving direction exhibited a controlled brittle failure combined with a 

successive fiber pullout. The results indicated that jute promote a high 

reinforce impact and cotton avoid calamitous fail. Therefore, this collection of 

natural fiber is appropriate to produce composites to light weight structural 

applications. 

     In 2005, Victor Y. Garas and C. Vipulanandan [27] studied PC 

composite posses a unparalleled collection from characteristics that depends 

upon the formulation. This studying reviewed the variation in polyester PC 

mixing component that affect the characteristics. The impact from resin 

content, aggregate, fiber and conjugation agent were critically review. It was 

found that the optimume polymer content diverse of twelve percent to 

fourteen percent (w/w). Utilizing fiber and conjugation agent show further 

increase from the mechanical characteristics from polymer concrete. Likewise, 

a new databases was designed to document various characteristics from 

polymer concrete. 

     In 2006, M. Das and et.al [28] prepared novolac composites from Bamboo 

strips, utilizing bamboo strips that were treated with vary concentration from 

(NaOH) solution. Mechanical characteristics from different composite 

(flexural modulus, hardness, tensile strength and elastic modulus) were 
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determined. The physical properties, such as the wetting ability of the alkali 

treatment reinforcement, were increased because of alkali treated, with 

increase concentration of alkali. The mechanical characters were increased 

with increasing mercerizing strength. Maximum amelioration in 

characteristics was achieved with sixteen - twenty percent from caustic 

treatment reinforcements. 

     In 2010, Rissen,A,H and et.al [29], prepared composites materials hybrid 

composed of a mixture polymeric resins phenol-formaldehyde type novolac 

and epoxy reinforced by ammonia and silica in addition to asbestos fibers and 

fractures volumetric (thirty percent, forty percent) was prepared six 

composites materials hybrid and compared the results between the prepared 

materials and then a bending test to calculate the  young's modulus at different 

temperatures and different chemical solvents. The results showed that 

Young’s modulus decrease with high temperatures and with growing the 

immersion time in different chemical solutions decreasing Young’s modulus 

values, and results showed that the samples contained a mixture of alumina 

and silica and fractured size forty percent and especially samples H6 had given 

the highest values for Young’s modulus while samples containing alumina and 

fractured size thirty percent had given the lowest values for Young’s modulus 

and especially samples H1. 

     In 2010, M. Jamshidi and A.R. Pourkhorshidi [30] studied a homemade 

cost quality efficacious resin (unsaturated polyester) is utilized as casing in the 

PC produce. Laboratory samples made and evaluated for physical/mechanical 

tests. A comparatives study was performed on the PC samples, the ordinary 

Portland cement concrete ( NC) and the durable concrete samples. It was 
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found that the polymer concrete material showed much best 

physical/mechanical characters than the durable concrete. 

     In 2013, Essam S. Jalham, Abbas Al-Refaie [31] In this study the 

possibility for the manufacture of composite materials from bakelite enhanced 

Jordanian sand, studying all of the cooling rate, pressure, and the proportion of 

sand grain size on the mechanical properties of this compound. The results 

show that  the strength of composite material increases with sand or increase 

the size of the granules or increase the pressure during the manufacturing 

process. As for the cooling rate, it has no effect if the percentage of sand a few 

(5% and 25%) as for the proportions of large sand (35% and 50%), The 

endurance less the greater the proportion of sand.  

    In 2014 Dr. Majeed and et.al[32] used a weak clayey silt soils from 

Garmmat Ali and a sandy soil from Al-Nashoa region were used from 

different sites and depths and mixed with (0.2%, 0.4%, 0.6% w/W) of novolac 

polymer with (2%, 4%, 6% w/W) of cement to know the profitable amount of 

novolac, and improving some of the engineering properties of the solid that 

include: The plasticity and compacting. A noticeable improvement in the 

plasticity of these clayey soils as a result of adding a mixture by the rise in 

their plastic limit, dry densities, lowering in their optimum moisture contents, 

and increase in tensile strengths as compared with crude soils. There are also 

an improve in treated sandy soil properties. The cost of using this polymer as a 

soil binder was reduced by about 50% as compared to the usual practice which 

involve removing the clayey silt soils and replace them by sand or other 

materials. 
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     In 2014, M. Sivaarunkumar and et.al [33] studied the mechanical 

characteristics for example compressive strength and divide tensile strength 

from PC with fixed ratio from fly ash and vary percent from epoxy and silica 

fume was studied. The results showed that the concrete with nine percent from 

epoxy and ten percent from silica fume showed best strength when compared 

with another mixes. 
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Materials and Experimental Work   

3.1: General  

     This chapter includes the explanation of materials utilized, mix proportion, 

specimen details and the experimental test. The experimental work has been 

carried out at Civil Engineering Laboratories of Engineering Collage - 

University of  Diyala. The experimental work consisted of casting 18 

(100mm) cubes to measure the compressive strength , 4 square plate (230 * 

230 * 8) mm
3
 to measure sound insulation, 10 discs (100 *20.5) mm

2
 to 

measure thermal conductivity for different concrete mixes and test scanning 

electron microscopy (SEM) for cube one consists of  (crushed novolac resin 

hardener and cement with heat and pressure as assistant factor). Figure (3.1) 

illustrates the full details of the experimental program used throughout this 

work. 

3.2: Materials 

3.2.1   Cement  

     Ordinary Portland cement (type1) manufactured in Iraq by Al-Mass cement 

factory was used throughout this study. It has been stored in sealed plastic 

bags to inhibit the susceptibility to weather conditions. Its chemical and 

physical properties are given in tables (3.1) and (3.2) respectively, the test 

result show that the cement follows the criteria of Iraq specification No. (5)-

1984 [34]. 
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           Mixture One     

 

 

 

  

           Mixture Two 

 

 

 

          Mixture Three  

heat as assistant factor  

 

  

 

             

          Mixture Four   

 

  

 

 

Novolac  resin as coarse aggregate 

Sand 

Cement 

Water 

Novolac resin as coarse aggregate 

Cement 

Water 

Novolac resin as coarse aggregate 

Cement 

Sand 

Novolac resin hardened as coarse aggregate   

Cement 

Sand 

Water 
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           Mixture Five  

heat and pressure as 

assistant factor 

 Mixture Six  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3.1) Schematic representation of the experimental work 

 

 Crushed novolac resin hardened  

Cement 

Casting, curing of test specimen 

Cubes Discs Square 

plates 

Compressive 

strength test 

at 2,7,28 days 

Thermal 

conductivity by Noor 

AL-Huda disc at age 

28 days 

Sound 

insulation 

test at age 28 

days 

Normal concrete  
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Table (3.1) chemical composition analysis for cement compounds
*

 

Limits of Iraq 

Specification  

No.(5)_ 1984 

 

% by  

Weight  

 

Abbreviation 

 

Oxide 

__ 61.52 CaO Lime 

__ 20.8 SiO2 Silica 

__ 6.4 Al2O3 Alumina 

__ 2.3 Fe2O3 Iron Oxide 

<5% 1.403 MgO Magnesia 

<2.8% 2.5 SO3 Sulphate 

__ 0.28 Na2O+K2O Sodium Oxide 

<1.5% 0.544 I.R Insoluble 

residue 

<4.0% 2.4 L.O.I Loss on ignition 

% by weight of cement  Main Compounds 

39.1 Tricalcium silicate                        ( C3S) 

30.14  Diacalcium silicate                       (C2S) 

             

13.07 Tricalcium aluminate                  (C3A) 

       

7.0 Tetracalcium aluminoferrite    (C4AF) 

   

*These tests were carried out in the lab of Central organizing for Standardization and 

Quality Control. 
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Table (3.2) Physical properties of cement (Type 1). 

 

 

 

Physical properties 

  

 

 

Test result 

 

 

Limit of Iraq specification  

No.(5)-1984 

Specific surface area 

m
2
/g 

0.245 

 

≥0.230 

Setting time 

Initial setting time, 

hrs:min 

Final setting time, 

hrs:min 

 
1:58 

5:15 

 
≥45 min 

≤ 10 hrs 

Compressive strength 

3 days MPa 

28 days MPa 

 
23.1 

33.62 

 
≥15 

≥23 

Soundness (Autoclave) 

% 

0.05 ≤0.8 

 

3.2.2   Fine aggregate(Sand) 

     Natural sand (Al-Ukhaider) was employed as a fine aggregate after sieving 

it on sieve size (4.75mm). The grading and fine aggregate properties are listed 

in tables (3.3) and (3.4); they were within the requirements of ASTMC33 

[35]. Also conforms to the Iraqi specification No.45-1984 [36]. 
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Table (3.3) Grading of fine aggregate (sand)* 

Sieve size 

(mm) 

% Passing by 

weight 

 

Limits of Iraqi specification  

No.(45)-1984 

 

 

9.5-mm (3/8-in) 

 

100 

 

100 

 

4.75-mm(No.4) 

 

95 

 

90-100 

 

2.36-mm(No.8) 

 

88 

 

75-100 

 

1.18-mm(No.16) 

 

68.7 

 

55-90 

 

600-μm(No.30) 

 

51 

 

35-59 

 

300-μm(N0.50) 

 

17.7 

 

8-30 

 

150-μm (No.100) 

 

4 

 

0-10 

Table(3.4) Properties of fine aggregate (sand) used in this work 

Properties Test result  Limits of Iraqi 

specification 

No.45/1984 

Specific gravity 2.62 __ 

*Sulfate content 0.18 

 

Specification 

requirements ≤ 

0.5%(max) 

Absorption 0.17% __ 

*Chemical analysis (Sulfate content) was conducted by central organization 

of standardization and quality control. 
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3.2.3  Water  

     Water is needed for the hydration of cement and to provide workability 

during mixing , casting and for curing. There is no much limitation on water 

except that the water must not be severely contaminated. In this study, normal 

tap water is used for washing , mixing and curing. 

3.2.4  Crushed novolac aggregate 

     The crushed novolac aggregate was used as coarse aggregate. The required 

quantity of crushed novolac was brought from state company for mining 

industries ( That Al-Sawari general company) previously . The large pieces 

were crushed into smaller sizes manually by means of a hammer in order to 

reach the desired gradation with maximum size of 10mm. The crushed 

novolac was sieved in standard sieve as shown in Table (3.5) according to 

ASTM C330-03 [37]. The properties of novolac is shown in table (3.6) 

according to CAS number (9003-35-4). Crushed novolac as coarse aggregate 

shown in figure (3.2). 

Table (3.5) the grading of crushed novolac aggregate 

Sieve size 

(mm) 

% passing Limit of ASTM  

C330-03 [32] 

12.5 100 95-100 

9.5 97 ___ 

4.75 53 50-80 

2.36 14 ___ 

1.18 6.7 ___ 

0.3 5 5-20 

0.15 3.5 2-15 
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Fig (3.2) crushed novolac( coarse aggregate).  

Table (3.6) the properties of novolac according to CAS number         

(9003-35-4). 

 

 

 

 

 

 

(CAS) [ Chemical Abstracts Service ]. 

Chemical formula                                                              ( C6H6O)n . ( CH2O)n 

Appearance                                                                 pale yellow / light brown  

Melting range                                                                                    80 – 85  
0
C 

Stability                                        stable incompatible with  strong oxidizing 

Type of hardener                                                                                 Hexamine  

 Density                                                                                      1.21-1.26 g/cm
3 
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3.2.5 Novolac hardener 

     The crushed novolac hardener aggregate used as coarse aggregate. The 

required quantity of crushed novolac hardener was manufactured from 

novolac] with hexamine ( put 120gm from hexamethylenetetramine per 

kilogram from novolac ) . The large pieces were crushed into smaller sizes 

manually by means of a hammer in order to reach the desired gradation with 

maximum size of 10mm. The crushed novolac hardener was sieved in 

standard sieve as shown in Table (3.6) according to ASTM C330-03 [37]. The 

properties of novolac hardener as shown in table (3.7) according to CAS 

number (9003-35-4). Crushed novolac hardener as coarse aggregate are shown 

in figure (3-3). 

Table (3.7) the grading of crushed novolac hardener aggregate 

Sieve size 

(mm) 

% passing Limit of ASTM  

C330-03 [32] 

12.5 100 95-100 

9.5 97 ___ 

4.75 53 50-80 

2.36 14 ___ 

1.18 6.7 ___ 

0.3 5 5-20 

0.15 3.5 2-15 
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Fig. (3.3) crushed novolac hardener (coarse aggregate). 

 

Table (3.8) the properties of novolac hardener according to CAS 

number(9003- 35-4). 

 

 

 

 

 

 

 

 

 

Chemical formula                                                             ( C6H6O.CH2O)x 

Molar mass                                                                                    Variable 

Appearance                                                                              Brown solid  

Density                                                                                           1.3 g/cm
3 

Thermal conductivity                                                           0.2 W/(m . K) 

 Refractive index (nD)                                                              1.63 

Specific heat capacity                                                       0.92 kJ/(kg . K) 
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3.3 Heat with pressure  

     The mold making (cubic) measured (100mm) with link hitter on the mold 

and linked the copper wire therefore get on  a temperature range from (150 - 

200) 
0
C take into consider put selephon thermal on the mold to keep heat mold 

and use force of 100 kN as shown in figure (3-4). 

 

Fig. (3.4) mold image with heat and pressure as assistant factor. 
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3.4: Hexamethylenetetramine   

     Hexamethylenetetramine  or “ hexamine’’ is a hardened  add for crosslink 

novolac as shown in figure (3-5). At a temperature > 90 
0
C, it forms 

amethylene and dimethylene amino abridges. The properties of 

hexamethylenetetramine are shown in table (3.8) according to CAS number  

(100-97-0). 

 

Fig. (3.5)  hexamethylenetetramine. 

 

 

https://yandex.ru/images/search?source=wiz&img_url=http://img1.exportersindia.com/product_images/bc-full/dir_104/3091438/hexamethylenetetramine-methenamine-1170012.jpg&p=2&text=Hexamethylenetetramine and novolac&noreask=1&pos=64&rpt=simage&lr=20573
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Table (3.9) the properties of hexamethylenetetramine according to CAS 

number ( 100-97-0). 

 

 

 

 

 

 

 

 

 

3.5: Casting and curing test specimens  

     A 100 mm cubes, (230*230*8) mm
3
 square plate mold and (100*20.5) 

mm
2
 circular steel disc mold are used to prepare the test specimen of this 

study as shown in Fig (3.6). All molds are cleaned and oiled carefully before 

casting to avoid adhesion with the concrete after hardening and  molding . 

     After casting , the top surface of molds leveled and smoothed by trowel. 

The specimens are wrapped with nylon sheets for 24 hours prior to de molding 

to prevent moisture evaporation from the surface and to avoid plastic 

shrinkage cracking. 

 

 

 

Chemical formula                                                                                    C6H12N4 

 Molar mass                                                                                      140.186 g/mol 

Appearance                                                                       White crystalline solid 

Density                                                                                  1.33g/cm
3
(at 20

 
 
0
C ) 

Melting point                                                                     280 
0
C (536 

0
F; 553 K) 

                                                                                                   (sublimes)     

Solubility in water                                                                         85.3 g/100 mL 

Acidity (pKa)                                                                                                   4.89 
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(a) 

 

 

 

 

 

                       (b)    (c) 

Fig. (3.6) (a)- Cube, (b)- circular steel and (c)- square plate. 
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3.6: Harden concrete test 

 3.6.1 Compressive strength 

     Compressive strength test is a conducted on a concrete cubes according to 

the BS  1881:part 116-1989 [38] by using 2000kN capacity. Digital electrical 

testing machine. The loading rate used in the test is 0.3 MPa/s as shown in Fig 

(3.7). The test is conducted at the period of (2, 7, 28) days and the average of 

three tests is considered. 

 

Fig. (3.7) Compressive strength measurement device. 
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3.7: Thermal properties measurement  

     The thermal properties of building materials are of importance to the 

designer of energy efficient buildings. This includes light insulating  material 

that can be used to reduce the heat loss through the building envelope, but 

materials with high thermal inertia can store heat and delay the conduction of 

heat through structural elements. The most common example of the latter type 

of material is concrete that is widely used in the building sector to make for 

example slabs on the ground, walls, floors, and roof tiles. 

3.7.1 Noor Al Huda disc method to measure thermal conductivity 

      Developing Lee's disc device for measuring the coefficient of thermal 

conductivity of concrete. This patent was granted on the basis of the 

provisions of article (21) of the patent law industrial designs no. (65) for the 

year 1970 average and the responsibility of the inventor. Thermal conductivity 

test was measured using the locally made thermal conductivity measurement 

device according to G01K17/06 -4467 [39] (available in university of  Diyala 

/Civil Engineering Department ), as shown in figure (3.8). It consists of two 

parts: the steam boiler and steam chamber. The steam chamber part consists of 

two brass discs. One of brass disc is fixed and the other is moving. Each of 

them with the same thickness and diameter and each of them contain one 

holes for inserting thermometer to measure T1 and T2 . Also steam chamber 

consists of two holes, upper and lower, from two sides are provided for 

inflowing and outflowing of steam, as shown in Fig.(3.9). 
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Fig.(3.8) Noor AL- Huda disc. 

 

Fig. (3.9) Sketch illustrate steam chamber part. 
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3.7.1.1 Test procedures 

1. Fill the boiler with water for half and heat it up to 100 
0
C to produce steam. 

2. Put the specimen; inserting the thermometer and check if joining them 

displays  readings at room temperature. 

3. Temperatures registered in the thermometer will showed high and lastly 

shall be fixed at Q1 and Q2. 

Wait for ten minutes to make sure that thermometers readings reached to 

steady state. 

4. When the reading of the thermometer becomes constant, remove the 

concrete specimen in order to allow moving disc become concrete with 

another brass disc to rise its temperature to (Q2+5) 

5. Start recording the decrease in temperature of the moving disc after 

reaching to (Q2+5) and lifting it from the fixed brass at one minute intervals. 

Continue until the temperature falls to (Q2-5) as shown in Table (3.9). 

Table (3.10): Time-temperature record during cooling 

 

 

 

 

6. Using the data from Table (3.10), plot the cooling cooling curve (time 

versus temperature) as shown in Figure (3.10) and determine the slope dQ/dt 

=∆Q /∆t at the steady state temperature T1. The thermal conductivity of 

concrete used the following equation (3.1) 

Time(minute) 1 2 3 4 …… …… 

Temperature 
0
C 

( Q2+5) ...... …… …… …… (Q2-5) 
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Where . 

m = mass of brass disc in kg.  

r = radius of specimen in meter.  

s = specific heat of brass which equal 380 j/kg. 
0
 C. 

 

Fig. (3.10) Cooling curve 

3.8: Acoustic insulation test 

     Acoustic insulation test was measured using the locally made acoustic 

insulation measurement device according to ASTM E-336(available in 

University of Technology/ Materials Engineering Department), as shown in 

figure(3.11). It consists of four parts: wave generator device (UNIT 092812), 

device to amplify the wave (TNG, type: AV 298), loud speaker and wave 

receiving device (RANGE 30 dB-130 dB). The test started when the wave was 
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generated by the wave generator device and then amplified. The wave then 

transferred to a loud speaker attached with a wooden box. The specimen was 

placed in the middle of this box, then the box was closed and then the wave at 

different frequencies (about 15frequencies) was applied. For every frequency, 

the wave was taken from the receiving wave device. This test must be done in 

a very static medium and without any movement in the whole place, because 

this may lead to an imbalance in the obtained results. The sample used in this 

test has these dimensions (230*230*8) mm
3
. This test consists from four 

samples the first (novolac, sand, cement, and water ) the second (novolac, 

cement and water) the third (novolac  ,sand , cement and heat as assistant 

factor ) and the fourth ( normal concrete) and were compared samples with 

normal concrete. It was possible to determine the equivalent absorption area 

and absorption coefficient of the samples by the equations (3.2) and (3.3), 

respectively. Figure (3.12) shows the photographic image of acoustic 

insulation samples used in this research. 

A= 0.921*V*d/c     ------------ (3.2) 

Where,  

A: equivalent absorption of absorbing material  

V: room volume (m
3
) 

C: speed of sound (m/s). 

d: decay rate (dB/s). 

     Normalizing A by dividing by the specimen area was measured in (m
2
) 

unit, S, yields the dimensionless absorption coefficient , α [40]. 

α =A/S     ------------ (3.3) 
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Fig. (3.11) Acoustic insulation measurement device. 

 

Fig. (3.12) Acoustic insulation test samples for square plate  
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3.9: Scanning Electron Microscope (SEM) 

     The surface morphology of the fracture surface of the sample component of  

(crushed novolac resin  hardener, cement with heat and pressure as assistant 

factor) was examined by scanning electron microscope, model (FEI company  

Inspect-Inspect S50), as shown in figure (3.13),(available to Al-Kufa 

University / Collage of Science). The sample used in this testing was cut in to 

the dimensions (0.5 * 0.5* 0.5) cm
3
 to fit in to the device. 

 

Fig. (3.13) scanning electron microscope (SEM) device. 
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3.10: Duration durability and environment conditions effects  

     A small piece of sample, which consists of (hardened crushed novolac 

resin and cement with heat and pressure as assistant factor), was immersed in 

water for a month and liable to environmental conditions. It was weighted 

afterwards as (145.255 g). It was not effected by water (fragmented or 

oxidant). It remained solid, cohesive and strong. The sample's weight became 

(145.250 g) after about a weak. 

     The same sample was burned. The sample's weight, before burning, was  

(70.834 g). The result was that, under high temperature about 1000 
0
C, it 

turned in to a charred layer which does not crack and remains strong. The 

sample's weight after burning was ( 65.573 g ) with very little lack.  
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4.1: General 

     The experimental results are presented and discussed in this chapter. The 

study deals with the fresh, mechanical and thermal properties of concrete 

made from novolac resin. The compressive strength test, thermal conductivity 

test, insulation sound test and scanning electron microscope. 

4.2:Thermal conductivity test by Noor AL-Huda disc 

     Thermal conductivity test was conducted for 10 discs sample and the 

average of each two tests results for each mix at 28 days are shown in table 

(4.1). 

Table (4.1) Thermal conductivity test results measured by using Noor 

AL-Huda disc method for all concrete mixes at 28 days age 

Set 

No. 

Mix details Thermal conductivity by Noor AL-Huda 

disc @ 28 days  ( W/ m. 
0
C ) 

1  Crushed novolac resin as 

coarse aggregate, sand, 

cement and water  

0.258 

2 Crushed novolac resin as  

cores aggregate, cement,  

and water 

0.212 

3 Crushed novolac resin, sand 

and cement with heat as 

assistant factor 

0.226 

4 Crushed novolac resin 

hardened and cement with 

heat and pressure as 

assistant factor  

0.211 

5 normal concrete 0.3 
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     Table no. (4.1) represents the results obtained for the samples referred to 

the thermal conductivity, according to the results it could be mentioned that 

thermal conductivity values are varying for each samples depending on the 

mixing ratios. The value of thermal conductivity for normal concrete (0.3 

W/m. 
0
C ) was higher than samples which gives an indication that the higher 

thermal conductivity due to the presence of iron oxides specially, in addition 

to the calcium carbonate presence. But the thermal conductivity was very low 

for ( crushed novolac resin hardened and cement with heat and pressure as 

assistant factor) ( 0.211 W/m. 
0
C ) which is prepared for the use of 

construction unit, and also recommended for high requirements applications.      

                                                                

4.3: Compressive strength test 

     Compressive strength test was conducted for 18 (100mm ) cubes to 

measure the compressive strength for each mix at 2,7 and 28 days. These 

strength values are obtained as the average of three cubes for each test  are 

shown in table (4.2) 

 

 

 

 

 

 

 

 

 



Chapter Four                                                  Result & Discussion 

 

50 
 

Table (4.2) Compressive strength test for all mixes and densities  at the 

age of 2, 7, 28 days. 

Set 

No. 

Mix details Compressive 

strength @ 

2 days (MPa) 

Compressive 

strength @ 

7 days (MPa) 

Compressive  

strength @ 

28 days (MPa) 

Density 

( kg/m
3
) 

1 Crushed novolac 

resin as cores 

aggregate, sand, 

cement and 

water 

___ ___ 2.6 1575 

2 Crushed novolac 

resin as cores 

aggregate, 

cement and 

water 

 

___ ___ 2.5 1655 

3 Crushed novolac 

resin, sand and 

cement with heat 

as assistant 

factor 

___ 35.2 ___ 1758.2 

4 Crushed novolac 

resin hardened as 

cores aggregate, 

sand ,cement and 

water 

___ 0.72 ___ 1496.9 

5 Crushed novolac 

resin hardened 

and cement with 

heat and pressure 

as assistant 

factor 

92 ___ ___ 1761.1 

6 normal concrete ___ ___ 25 2368 
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     Table no. (4.2) represents the results obtained for the samples referred to 

the compressive strength according to the result it could be mentioned that 

compressive strength values are varying for each samples depending on 

mixing ratios. The value of compressive strength for consist sample of ( 

crushed novolac resin hardened and cement with heat and pressure as assistant 

factor ) 92 MPa and density 1761.1 kg/m
3
 at the age of 2 days, which give an 

indication of the cement to fill the gaps that occur during physical interaction 

of crushed novolac resin hardened and this give compressive strength 

excellent. The value of compressive strength for consist sample of ( crushed 

novolac resin, sand and cement with heat as assistant factor ) 35.2 MPa and 

density 1758.2 kg/m
3
  at the age of  7 days is higher than normal concrete due 

physical interaction during melting novolac resin with cement and sand. 

     The values of compressive strength for consist samples of (crushed novolac 

resin as coarse aggregate, sand, cement and water) and ( crushed novolac resin 

as coarse aggregate, cement and water ) and ( crushed novolac hardened as 

coarse aggregate, sand, cement and water) 2.6 MPa and density 1575 kg/m
3
 at 

the age of 28 days,  and 2.5 MPa and density 1655kg/m
3
 at the age of 28days, 

and 0.72MPa and density 1496.9 kg/m
3
 at the age of 2 days  respectively the 

compared with normal concrete is less due to the chemical interaction between 

crushed novolac resin cores aggregate with water ( oxidants novolac resin ) 

and giving less compressive strength for these samples. 
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4.4: Analysis by scanning electron microscope (SEM) 

     Addition cement to crushed novolac resin hardened produce [bakelite 

concrete] at a temperature ranging between (150-200) 
0
C physical reaction 

occurs during physical interaction and interferes cement in the gaps that get in 

(crushed novolac resin hardened) because very small atoms  of cement, 

making it easier atoms overlap in the cement bridge gaps that get in novolac 

resin hardened  during interaction it can be considered as a substitute for 

sawdust (Filler), but at add cement get on  mechanical properties and thermal 

excellent for example (test the strength of compression 92 MPa, thermal 

insulation and acoustic insulation) in comparison with concrete normal and 

addition to that stay within the lightweight concrete specifications as shown in 

(Figure 4.1). 

                                                   

 

 

 

 

 

 

  

 

a.(1mm X magnification)                                  b. (500 µm X magnification) 
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      c.(200 µm X magnification)                           d.(100 µm X magnification) 

 

 

 

 

 

 

 

 

 

e.(50 µm X magnification)                       f.(50 µm X magnification) 
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g.(30 µm X magnification)                              h.(30 µm X magnification) 

 

 

 

 

 

 

 

 

 

i.(10 µm X magnification)                             j.(10 µm X magnification)                               

Fig.( 4.1)  SEM images consisting from (crushed novolac resin hardened 

and cement with existence heat and pressure as assistant factor)                     

[bakelite concrete].  
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4.5 Acoustic insulation test results 

     Acoustic insulation test results were conducted for 4 (230 * 230 * 8) mm
3
  

square plate to measure the acoustic insulation for each mix at 28 day as the 

shown in table (4.3). 

Table (4.3) Acoustic insulation test for mixes novolac and normal 

concrete at age of 28 day.            

Sound level (dB) 

Freq 

(Hz) 

 

 

N+C+W N+S+C+W N+S+C+H Normal 

concrete 

 

Without 

Sample in air 

I (test 1) 

dB 

I (test 2) 

dB 

I (test 3) 

dB 

I (test 4) 

dB 

I (test 5)  

dB 

100 89.6 94.6 101.3 95.9 111.7 

200 92.1 94.8 101.8 96.5 111.9 

300 92.2 94.9 102.5 99.6 112.0 

400 92.5 95.0 102.6 99.8 112.1 

500 92.6 95.5 102.6 100.1 112.1 

600 93.0 95.9 102.7 100.9 112.4 

700 93.4 96.0 102.8 101.3 112.5 

800 93.6 96.0 102.9 101.4 112.7 

900 94.0 96.1 103.2 101.5 113.2 

1000 94.1 96.2 103.2 101.6 113.5 

2000 94.6 96.3 103.4 101.7 113.5 

3000 94.7 96.3 103.5 102.0 113.6 

4000 94.8 96.5 103.6 102.2 113.8 

5000 94.9 96.6 103.8 101.9 113.9 

6000 95.0 96.7 103.9 102.1 113.9 

7000 95.1 96.8 104.1 103.0 114.0 

8000 95.2 96.9 104.2 102.7 114.0 

9000 95.3 97.5 104.2 104.0 114.2 

10000 95.8 97.8 104.3 103.6 114.2 
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     Table no. (4.3) represents the results obtained for the samples referred to in 

the table above for a property of acoustic insulation. According to the results 

mentioned, we notice the varying in the acoustic insulation for each sample 

values and according mixing ratios that sound insulation values samples 

consisting of (crushed novolac resin , cement and water) and (crushed novolac 

resin, sand, cement and water) have good acoustic insulation compared with 

normal concrete as shown figures (4.2) and (4.3) respectively, due to the 

presence of pores, in 1956 Carlson  mentioned that the porosity of the most 

important properties that affect the efficiency of sound absorption by the 

material and that large and persistent pores that allow acoustic energy to lose 

which work on the sound absorption and thus be lightweight aggregate more 

efficient sound absorption of aggregate normal and sound absorption rate wall 

from light weight concrete ranging between (0.4-0.6), while the wall of 

normal concrete between (0.2-0.35) [41]. 

     In 1981 Neville mentioned the structure containing on pores make possible 

the movement of air through and increase sound absorption and so from  

through the acoustic energy transformed to heat by friction. Confirm that the 

presence of gaps affect also on the relationship between acoustic insulation 

and density incisive, where gap increases from acoustic insulation [6]. 

      The sound insulation values of the sample consisting of (crushed novolac 

resin, sand and cement with existence heat as assistant factor) as shown figure 

(4.4) be almost equal to the values for normal concrete, due to the presence of 

a few pores in this sample, which gives acoustic insulation asymptotic normal 

concrete. The figure (4.5) represents a drawing all samples. 
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Fig.(4.2) Comparison between sound level of concrete with ( novolac,  

cement and water ) [N+ C+W]. 

 

Fig.(4.3) Comparison between sound level of concrete with ( novolac,  

sand, cement and water ) [N+ S+C+W]. 
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Fig.(4.4): Comparison between sound level of concrete with ( novolac,  

sand, cement and heat) [N+ S+C+H]. 

 

Fig.(4.5) Comparison between sound level of concrete with [ N+C+W, N+ 

S+C+W, N+S+C+W, N+S+C+H ]. 
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Conclusions and recommendations 

5.1: General  

     The mechanical and insulation properties for a new type of lightweight 

concrete, which is made of the following materials (crushed novolac resin 

hardened and cement with existence heat and pressure as assistant factor)  

[Bakelite Concrete], (crushed novolac resin, sand, cement and heat as  

assistant factor ),  (crushed novolac resin as coarse aggregate, sand, cement 

and water), (crushed novolac resin as coarse aggregate, cement and water) and 

( crashed novolac resin hardened as cores aggregate, sand, cement and water ). 

5.2:Conclusions  

     Based on the experimental program results, the following conclusions may 

be adopted. 

1- In general, the result showed in sample consists of (crushed novolac 

resin hardened and cement with existence heat and pressure as 

assistant factor) good in mechanical and thermal properties  

(compressive strength and thermal insulation). 

2- The  compressive strength value in sample consists of (crushed 

novolac resin hardened and cement with existence heat and pressure 

as assistant factor ) 92 MPa and density 1761.1 kg/m
3
 is higher than 

the compressive strength compared with other samples. 

3- Good thermal insulation in sample consists of (crushed novolac 

resin hardened and cement with existence heat and pressure as 

assistant factor) is best compared with other samples. 
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4- Acoustic insulation in sample consists of (crashed novolac resin, 

sand and cement with existence heat as assistant factor) is almost 

equal to normal concrete. 

5- Through SEM images note correlation existence between crushed 

novolac resin hardened and cement with existence heat and pressure 

as assistant factor this leading to an increase in the compressive 

strength. 

6- Good thermal insulation in sample consists of (crushed novolac 

resin as coarse aggregate, sand, cement and water) compared with  

normal concrete. 

7- Good acoustic insulation in sample consists of  (crushed novolac  

resin as coarse aggregate, sand, cement and water) compared with 

normal concrete. 

8- Good thermal insulation in sample consists of (crushed novolac 

resin  as coarse aggregate, cement and water) compared with normal 

concrete. 

9- Good acoustic insulation in sample consists of (crushed novolac 

resin as coarse aggregate, cement and water) compared with normal 

concrete. 

10-  The compressive strength value in sample consists of (crushed 

novolac resin as cores aggregate, sand, cement and water) 2.6 MPa 

and density 1575 kg/m
3
 is lower. 

11-  The compressive strength in sample consists of  (crushed novolac 

resin as cores aggregate, cement and water) 2.5 MPa and density 

1655 kg/m
3
 is lower. 
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12-  The compressive strength in sample consists of (crushed novolac 

resin hardened as coarse aggregate, sand, cement and water) 0.75 

MPa and density 1496.9 kg/m
3
 is lower. 

 

5.3 Recommendations for future work 

1- Studying the replacement of cement material with another substance within 

the used building materials (crushed rocks, pure silica).  

2- Studying  the effect of  (crushed novolac resin hardened) ratios with cement 

physical properties of the samples. 

3- Studying  the effect of metals oxides (colored dye) on the physical and 

chemical properties of the (crushed novolac resin hardened with cement) 

sample. 

4- Studying the different ages of the cement and density properties. 

5- Studying the rest of the properties of the same mixture such as splitting, 

flexural and modulus of elasticity.   

6- Studying the addition of nanomaterial to all mixtures.  
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دٖ انحطٕٚش انحذٚث نهحقُٛات انًسحخذية فٙ صُاعة انخشساَة انٗ ظٕٓس إَاع يٍ أ     

 انكثافة جقهٛم انغشض يٍة يقاسَة يع انخشساَة االعحٛادٚة ٔانخشساَة رات كثافات يخحهف

انشكاو ْزِ انكثافة ًٚكٍ انحصٕل عهٛٓا باسحخذاو قهٛم انٕصٌ نهخشساَة االعحٛادٚة ٔجْٕ 

 انخفٛف انٕصٌ ٔرنك باسحخذاو يٕاد يحٕفشة يحهٛا.

يمممع  خفٛمممف انمممٕصٌ  كشكممماو خكمممٍ شاجُج انُٕفمممٕال نمممحمممر ٛش انًكمممحش  انجمممى دساسمممة      

 ( ٚمممممٕو82عًمممممش  ب ٔفحمممممم انًُمممممار  (4.0اسمممممًُث   \َٔسمممممءة يا  انشيمممممم ٔانسمممممًُث

يم انعممممضل   يممممشاس٘ ٔ ٔٚحضممممًٍ خصممممايم يٛكاَٛكٛممممة    ممممٕة االَضممممغا ( ٔخصمممما

  (.0:8:4ٔبُسب خهط يجًٛة   (صٕجٙ 

شاجُج انُٕفممممٕال  انًصممممهذ كشكمممماو خكممممٍ يممممع انشيممممم نمممم انًكممممحش حر ٛشاندساسممممة جممممى      

حمممممر ٛش ساجمممممُج انُٕفمممممٕال  كشكممممماو انٔ دساسمممممة ( 4.0اسمممممًُث   \ٔانسمممممًُث َٔسمممممءة يا 

انًُممممار   ثفحصممممخكممممٍ يممممع انشيممممم ٔانسممممًُث يممممع ٔدممممٕد يممممشاسة كعايممممم يسمممماعذ ٔ

م يٛكاَٛكٛمممة    مممٕة االَضمممغا ( ٔخصمممايم انعمممضل اٚممماو ٔٚحضمممًٍ خصممماي ( 7  عًمممشب

 (.0:8:4ُسب خهط يجًٛة  بٔ  يشاس٘ ٔصٕجٙ(

ساجممممُج انُٕفممممٕال  انًصممممهذ يممممع انسممممًُث ًطحممممٌٕ ن حممممر ٛش انًكممممحش  اندساسممممة جممممى      

ٚمممٕو ٔٚحضمممًٍ  ( 8 انًُمممار  بعًمممش   ٔفحمممم بٕدمممٕد يمممشاسة ٔامممغط كعايمممم يسممماعذ

 يشاسٚمممممة   انعمممممضل انحمممممشاس٘(خصمممممايم يٛكاَٛكٛمممممة    مممممٕة االَضمممممغا ( ٔ خمممممٕا  

ال  انًصمممممهذ يمممممع انسمممممًُث  انُٕفمممممٕ يطحمممممٌٕ ساجمممممُج  ٔبُسمممممب خهمممممط يحسمممممأٚة يمممممٍ

(Bakelite concrete)  ٔ.يقاسَة انُحايج يع انخٕا  انخشساَة االعحٛادٚة  

( 42جضمممًٍ انعًمممم انًخحءمممش٘ يمممٍ  ت مممة ادمممضا  يخحهفمممة : انجمممض  االٔل جمممى صمممب       

( 44انجمممض  انثممماَٙ جمممى صمممب  ٔ االَضمممغا نقٛممماط يقأيمممة  يهمممى ( 444يكعمممب بربعممماد   

 الخالصة 



يهممممى ( 8,2*  444   ا ممممشا  دايشٚممممة
8
انثانممممث انجممممض  ٔ نقٛمممماط انحٕصممممٛهٛة انحشاسٚممممة 

يهممممممى ( 2*  834*  834ة بربعمممممماد   نممممممٕا  يشبعمممممما( 0جممممممى صممممممب  
3
نقٛمممممماط انعممممممضل  

 انصٕجٙ.

 أٔامممممحث َحمممممايج انفحٕصمممممات انًخحءشٚمممممة انحصمممممٕل عهمممممٗ خصمممممايم يٛكاَٛكٛمممممة     

ة يقاسَممممم ٔاعهمممممٗ دٛمممممذةخصمممممايم انعمممممضل   يمممممشاس٘ ٔصمممممٕجٙ( ٔ   ممممٕة االَضمممممغا (

ٔيممٍ خمممتل انصمممٕس أاممحث جمممشابط بمممٍٛ    SEMٔجممى فحمممم بانخشسمماَة االعحٛادٚمممة

ٔانسممممًُث يممممع  انًصممممهذ يكَٕممممات انخشسمممماَة انًحكَٕممممة يممممٍ يطحممممٌٕ ساجممممُج انُٕفممممٕال 

 .)  Bakelite Concreteٔدٕد يشاسة ٔاغط كعايم يساعذ  

يطحٌٕ ساجُج انُٕفٕال  انًصهذ يع  انُحايج انٗ اٌ انخشساَة انًحكَٕة يٍ استأش     

صٚادة ( ادٖ انٗ  Bakelite Concrete انسًُث بٕدٕد يشاسة ٔاغط كعايم يساعذ 

و\كغى 4714.4بكثافةيٛكا باسكال ٔ 28كءٛشة فٙ يقأية االَضغا   
3
ٕٚو  8 ٔبعًش 

يحش. و\ٔا  (4.844ٔاَخفاض انحٕصٛهٛة انحشاسٚة  
4
. 

ٙ بُا  انًخحءشات انحٙ جحطهب اٌ انُحايج انسابقة جءٍٛ ايكاَٛة اسحخذاو انًُحج انجذٚذ ف      

ا عانٛا إاافة السحخذايّ فٙ اساسات االبُٛة ٔانسذٔد ْٔٙ جتيى دعى ٛيشاسٚا ٔصٕج عضال

 انءُا  فٙ انًُا ق انضنضانٛة. 
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