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ABSTRACT 

Human's ability to live comfortably depends on their housing. Homes must be safe, strong, and 

environmentally friendly. Construction materials have changed over time in accordance with the 

conditions. They ranged from stone structures to palm grids and mountain caverns. Bricks that 

had been burned and treated were also known. Builders were accustomed with using natural 

resources like animal and plant glue to bond the decorative pieces and increase the workability of 

mortars. In areas where its color wouldn't be an issue, bitumen was extensively employed as a 

man-made organic glue. It is the primary part of asphalt pavement nowadays. Natural stones 

represented strong building elements among these resources. The ancient people mastered their 

challenging quarrying techniques and used rocks and stones exclusively in their construction. 
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1. Introduction 

Housing is an essential element for the life of the human being. Homes have to be secure, 

comfortable, durable and sustainable. Over the history, the materials used for construction 

differed with the environments. They varied from palm grids, mountain caves to stone buildings. 

Burned and processed bricks were known as well. Natural materials such as animal and plant 

glue, mostly used with the mortars to improve the workability and to bind the decoration items, 

were familiar for builders. The bitumen, as a man-made organic adhesive was intensively used in 

places which would not be disturbed by its color. Nowadays it is the main component of the 

asphalt pavement. Among these materials, natural stones represented well secured construction 
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materials. The ancient people relied on rocks and stones in their buildings and mastered their 

difficult quarrying processes.  

Few thousand years before Christ, in undetermined timing from at least 2000 BC, huge stones of 

around 1600 tons (~4 m width x 4m height) each, were used to construct the temple of Baalbek 

in Lebanon in a miracle building (Figure 1). In this temple the evacuation of air during the 

placing of one stone above the other was enough to keep the lining of the wall in perfect 

conditions without the aids of cementing materials.  

 

Figure 1. Baalbek stone in Lebanon around 1600 tons (~4 m width x 4 m height) 

(wikipedia.org) 

The dimensions of the stones used in construction diminished with the evolution of cementing 

binders with time. Stones weighing ~2.5 tons of dimensions 1 m x 2.5 m were used in the 

pyramids with weak non-hydraulic binders which do not resist water (Figure 2). Gypsum and 

lime were the most popular materials at that time. They lasted up to the medieval era in the 

monuments of Islamic architecture (1) (Figure 3).  



ERURJ 2022, 1, 1, 31-43 

33 

 

Figure 2. Pyramids stones in Giza around ~2.5 tons (1 m x 2.5 m) 

(wikipedia.org) 

 

Figure 3. Islamic monuments Pyramids stones in the medieval era  

                              (Egyptsons.com) 

The durability concerns of any construction are generally related to the water resistance; i.e. to 

resist rain, river, ground and salty waters. In the monuments built with natural stones, the major 
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areas were occupied by the stones and only small areas of the binders were exposed to the 

environment. The binders were therefore quite protected from external attacks (2).  

1.1 Portland cement 

With the discovery of the famous hydraulic binder: the Portland cement, at the end of the 18th 

century, and with the invention of the reinforced concrete in the middle of the 19th century, the 

construction of the high buildings (Figure 4), bridges and highways were introduced and 

intensified (3). In the 20th century, the dependence on the strength of the cement binder increased 

and the natural stones were crushed to sizes as small as 2 cm in the concrete aggregates (4) 

(Figure 5): 

 

Figure 4. Skyline constructed with reinforced concrete structure 

(wikipedia.org) 
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Figure 5. Crushed stone aggregate for concrete ~2 cm in size 

(concretenetwork.com) 

The ancient builders knew burning temperatures as high as 900oC for the calcination of 

limestone and the production of fat lime. Portland cement, as the heaviest industry known 

presently, needs temperatures up to 1450oC (5).  

The advantage of Portland cement lays in the components of the clinker produced from burning 

limestone and clays at this high temperature. It is composed of four main phases: two calcium 

silicates, a calcium aluminate and the calcium alumino-ferrite. The size of the particles forming 

these phases is in the range of several ten of microns (6) (Figure 6). The calcium silicates are 

depicted in the figure as dark particles, the aluminates and aluminoferrite are found in the bright 

background. These components are unstable and tend to react with water to produce more stable 

phases (7). The hardening and strength development of Portland cement is due to the calcium 

silicate hydrate fibers with dimensions of ~ 7 nm (Figure 7). One can imagine the fineness of 

these fibers when compared with the thickness of one human hair which attains 70 nm (8) 

(Figure 8). These fibers are responsible for the early strength which can be achieved only with 

Portland cement. They are the main reason for the evolution of buildings and constructions in the 

civil engineering domain.  
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Figure 6. Particles of Portland cement clinker few tens of microns in size 

(concretenetwork.com) 

 

 

 

 

 

 

 

 

 

Figure 7. Calcium silicate hydrate fibers around 7 nm in size (F.A.Finger Institut Weimar, 

Germany) 

 

 

 

 

 

Figure 8. A human hair around 70 microns in size (F.A.Finger Institut Weimar, Germany) 

 

The role of Portland cement in concrete is to bind sand and gravel or crushed stones aggregates 

to form a hard matrix. Restrictions are put to avoid any volume change after hardening. The area 

of the cement binder in concrete structures exposed to external environment is significantly large 
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because of the small aggregate size and has to be protected. Attacks of sulfate, chloride, 

carbonates and alkalies may destroy the concrete structures (9).  

 

Figure 9. Concrete deteriorated from external sulfate attack 

(theconstructor.org) 

 

Figure 10. The ettringite salt formed from the external sulfate attack in concrete (F.A.Finger 

Institut Weimar, Germany) 

Figure 9 illustrates a concrete deteriorated from a sulfate attack, due to the formation of the 

ettringite salt which dimension is ~2 microns (Figure 10). Figure 11 shows a concrete structure 

deteriorated as a result of alkali silicate reactions; the expansive alkali silicate gel is illustrated in 

Figure 12. Figure 13 presents a concrete crack formed as a result of corrosion of steel 

reinforcement due to chloride or carbonation attack. 
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Figure 11. Concrete deteriorated from alkali silica reactions 

(theconstructor.org) 

 

Figure 12. The gel formed from the alkali silica reactions in concrete 

(theconstructor.org) 

 

Figure 13. Concrete deteriorated from corrosion of the steel reinforcement 

(theconstructor.org) 
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1.2 Other cements 

Worth to note that the mentioned inorganic binders are composed mainly of calcium oxide either 

in its free state exemplified in the air hardening lime used by the ancient builders, or as a basic 

constituent combined with other acidic oxides in Portland cement. Other cements of acid 

resistant properties as the sodium silicate and geopolymers do not contain lime. A less abundant 

cement based on magnesium is the Sorel cement applied mainly as a flouring material (10). 

The air hardening fat lime is not suitable for long term unprotected uses because of its high 

solubility in water around ~ 1.3 g/liter and can be easily leached upon exposure to water. Its least 

exposure to the environment in the ancient buildings was therefore necessary (11).  

Only the quarries of the clay- free limestone produce fat lime upon calcination. These quarries 

are quite limited and most limestones quarries contain a certain amount of clay varying between 

~ 6 to 25%. The calcination process of the clay-bearing limestone splits off the water of the clay 

at temperatures well below 900oC (~550-850oC) and produce reactive acidic oxides; the silica, 

alumina and ferric oxide (12). These oxides react with lime during the calcination process and 

produce low grade cementing materials leaving a significant amount of lime free. This is called 

hydraulic lime which resists water more than fat lime because of its weak hydraulic properties. It 

is mostly used in the restoration of the monuments. The Portland cement discovery was related to 

the burning of marl limestone which had enough clay to react with most of the lime upon 

calcination and leaves only a small amount free. Marl is present in Aswan Egypt and the cement 

factory there do not need to have an extra quarry for clay (13). 

The lime needed to produce Portland cement obtained from the limestone quarries is 

irreplaceable by wastes of similar function and equivalent abundance. Lime can react with 

industrial wastes of latent hydraulic or pozzolanic materials to form the same products of 

Portland cement; but with slower rate. The combination of lime in the latent hydraulic or 

pozzolanic materials takes place in around a month time and produces only late strengths (13).  

The Portland cement hydration products are not insoluble in water as clay or sand and their 

solubility in water lays is in the range of 10-40 which explains their water- resistant properties. In 

spite of this low solubility, it is still attackable and the surface of concrete has to be protected to 

reduce the porosity and the permeability of the surface (14). 

Because the production of the clinker consumes energy, it is responsible for the greenhouse 

effect and the emission of ~6% from the CO2 to the atmosphere, an important trend was adapted 
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in the 20th century to reduce the clinker factor. Materials with latent hydraulic and pozzolanic 

properties were used to replace up to ~60% of the clinker in different types of cements (15).  

 

 

Figure 14. Silica fumes as cement replacement material 

(microsilica-fume.com) 

 

Figure 15. Fly ashes as cement replacement material 

(microsilica-fume.com) 

The well-known cement replacement materials are industrial wastes such as silica fumes (Figure 

14), fly ashes (Figure 15) and granulated blast furnace slag (Figure 16). Natural and artificial 

pozzolana are obtained from volcanic ashes (Figure 17), calcined clays (Figure 18) and 

agricultural ashes such as rice husk ash (Figure 19, 20). Limestone powder can replace part of 

the clinker and acts mainly as filler because of its inertness. 
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Figure 16. Granulated blast furnace slag as cement replacement material 

(microsilica-fume.com) 

 

Figure 17. Volcanic tuffs as cement replacement material 

(microsilica-fume.com) 

 

Figure 18. Activated clays as cement replacement material 
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Figure 19. Rice husk 

 

Figure 20. Rice husk ashes as cement replacement material 

2. Conclusion 

The role played by the binders in construction increased over time. Portland cement clinker is an 

important material and shall last for long time with no similar material. Because of 

environmental reasons, of the power of the clinker and the presence of suitable partial 

replacement materials, the future cements will contain the minimum amount of clinker and other 

latent hydraulic materials and the same level of performance and quality can be achieved.  
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