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Abstract

The limestone used in CEM II B-L type cement production is routinely taken from nature by quarrying natural 
limestone resources which results environmental damage. This causes an ecological imbalance in the regions. To 
mitigate environmental damage caused by such quarrying, this study investigated the use of concrete wastes in 
cement. Experimental studies were carried out especially for their use in limestone-blended cement production. 
For this purpose, concrete samples (150x150x150 mm) with an average compressive strength of 65 MPa were 
milled after compression tests. Milled concrete wastes were used instead of a limestone additive in CEM II B-L type 
cement production. Their chemical and physical properties were investigated according to related cement standards. 
In addition, X-Ray diffraction analysis of cements was performed for the purpose of comparison. Mechanical 
performances of cements were evaluated at 2, 7 and 28 days under three-point flexural and compressive tests. The 
use of waste concrete as a limestone additive up to a 10% replacement ratio increased the flexural strength by 8%. 
The use of waste concrete up to 5% as a limestone additive also increased the compressive strength by 15, 8, and 
9% at 2, 7 and 28 days, respectively. In conclusion, waste concretes can be successfully used instead of a limestone 
additive in CEM II B-L type cement production, thereby reducing environmental damaged caused by quarrying. 

Keywords: Cement production; concrete waste; physical and chemical properties; strength.

1. Introduction

The construction industry can be consumed as a source 
consumer and waste producer (Cachim, 2009; Jianzhuang 
et al., 2012). According to Rashad (2013), 0.94 tons of 
CO2 and other greenhouse gasses such as SO3 and NOx 
(i.e. NO and NO2) are released into the atmosphere 
while producing 1 ton of cement. Limestone used in 
cement production and aggregates used in ready-mix 
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Fig. 1. Environmental damage over a 32-year period in Çorum, Turkey, a) Whole area destruction, b) Partial 
destruction

concrete industry are also routinely taken from nature 
by the quarrying of natural limestone resources (Mehta, 
2002; Naik, 2007). Quarrying for limestone damages the 
environment and adds to greenhouse gas emission due to 
the gasses released into the air from heavy machinery used 
in the process. Figure 1 shows environmental damage 
over a 32-year period caused by limestone quarrying 
used in cement manufacturing in Çorum, Turkey.

Recently, high amounts of construction wastes 
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(concrete, glass, brick, etc.) have been haphazardly 
discarded, especially in developing countries. After 
the earthquake in Turkey in 1999, two million 
tons of waste concrete was generated in Adapazarı 
province alone (Gümrükçüoğlu et al., 2000). 
The improper disposal of construction wastes in the 
environment can cause several problems (floods, the 
proliferation of vectors harmful to human health and 
the degradation of urban landscapes etc.). Therefore, 
waste management should be prioritized for reasons 
of environmental protection and human health.
A lot of research has been done on the use of wastes such 
as ceramic, brick, glass, or marble in concrete. Puertas 
et al. (2008) evaluated the usability of ceramic waste 
as a raw material in cement production. They milled 
ceramic wastes and separated them into three groups 
(<45µm, 45-90µm, and >90 µm). They clinkerized a 
raw cement mix that contained limestone, clay, sand, 
and Fe2O3. Then the authors designed new raw mixes 
by partially replacing clay content with ceramic wastes. 
They achieved favorable results in terms of reactivity and 
burnability with new raw mixes. Naceri & Hamina (2009) 
used waste brick by replacing with clinker in various 
amounts. It was found that waste brick cements up to a 
10% replacement ratio showed comparable compressive 
strength results at 90 days. Aliabdo et al. (2016) 
used grinded waste glass powder for producing glass 
powder blended cement. Improved performances (i.e. 
compressive strength, tensile strength, absorption, voids 
ratio and density) were obtained by a 10% glass powder 
replacement with cement. Singh et al. (2017) prepared 
concretes by replacing cement with marble slurry. The 
results showed that mechanical properties increased up 
to a certain replacement level by taking water to cement 
ratio into consideration. It must be noted that most of 
the wastes used in most studies are production wastes 
obtained from factories during manufacturing processes. 
Batayneh et al. (2007) remarked that 20% of construction 
wastes consist of glass, plastic, and concrete. A majority 
of recent studies that evaluate concrete wastes focus 
on using wastes as recycled aggregates in concrete 
production (Khoshkenari et al., 2014; Manzi et al., 
2013; Andreu & Miren, 2014; Medina et al., 2014). The 
purpose of using these materials for cement or concrete 
production is to reduce environmental impact. With 
this motivation, this study also investigates the use of 
concrete wastes in CEM II B-L type cement production. 
Experimental studies were especially carried out for 
their use in limestone-additive cement production. 
For this purpose, waste concrete samples obtained 
after the compression tests were milled. For cement 
production, milled concrete wastes were used instead of 
a limestone additive. Their chemical, physical, and fresh 

state (specific weights, setting times, water demands) 
properties, and mechanical performances (flexural and 
compressive strengths) at 2, 7 and 28 days were evaluated.

2. Materials and methods

Six different limestone additive cements (reference 
cement and five waste concrete cements) were produced. 
In the reference cement (RC) production, clinkers 
of type I ordinary Portland cement (CEM I 42.5 R), 
limestone, trass, and gypsum were milled in laboratory 
type millers (Figure 2). In the production of waste 
concrete cements (W), laboratory wastes of 15 cm 
cube concrete specimens with an average compressive 
strength of 65 MPa. The specimens were taken from 
the concrete used in the construction of the Hitit 
University campus. They were used after the completion 
of compressive tests. Cube specimens were milled, 
and waste concrete powders were prepared (Figure 3). 
The cement type used in the laboratory waste concrete 
cubes was CEM I 42.5 R. The cement, aggregate 
and water amounts were 400, 1830 and 165 kg/m3, 
respectively. The plasticizer chemical admixture amount 
used in specimens was 1.3% of total cement weight.
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Fig. 3. a) Waste cube specimens, b) Concrete wastes after initial milling process 
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W5 63 23 5 5 4 
W10 63 18 10 5 4 
W15 63 13 15 5 4 
W20 63 8 20 5 4 
W28 63 0 28 5 4 
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performance tests, cement mortars were 

prepared in accordance with the EN 196-1 

(2016) standard. For mortar preparation, mix 

proportions of cement, standard sand and 

were 450, 1350 and 225 kg/m3, respectively. 

Table 2 shows the related standards that were 

used to obtain the chemical and physical 

properties of the cements and to show the 

fresh and mechanical performances of the 

mortars.  
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the low specific weight of waste concretes (2.40), the 
use of waste concrete instead of a limestone additive 
(2.69) decreased the specific weight of cements.
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Blaine Value (g/cm²) 4,33 4,40 4,41 4,43 4,43 4,41 
Specific Gravity 3,01 3,02 2,99 2,93 2,92 2,94 
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Fig. 5. Setting times of cement mortars

5). Minimum and maximum setting times were 
obtained from the cement mortars that containing 
waste concrete of 10% and 28%, respectively. A 10% 
replacement of waste concrete decreased the setting 
time by 4.5% (20 minutes) and a 28% replacement 
of waste concrete increased the setting time by 9% 
(40 minutes) when compared to the reference mortar.

3.4. Mechanical properties of cement mortars
3.4.1. Flexural performances of cement mortars
Flexural performances of cement mortars are given 
in Figure 6. The graph shows 2, 7 and 28 days of 
flexural strengths of mortars as light grey, grey and 
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black, respectively. At 2 days of flexural tests, no 
systematic changes were observed. W5 mortar that 
was prepared with 5% waste concrete cement resulted 
in the highest flexural strength at 2 days. At 7 days, 
cement mortars prepared using waste concrete cements 
exhibited either equal or lower flexural strength than 
the reference mortar. However, all cement mortars 
prepared with waste concrete cements performed 
either the same or showed more flexural strength 
when compared to the reference concrete at 28 days.
In terms of flexural strength, it can be concluded 
that the use of waste concretes up to 10% can 
enhance the flexural strengths at 28 days by 8%.

3.4.2.Compressive performances of cement mortars
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Compressive performances of mortars were measured 
with compressive strength tests at 2, 7 and 28 days. Figure 
7 shows the results (see Section 3.4.1 for explanation). At 
2 days, waste concrete mortars, except W5, show similar 
compressive strength values compared to the reference 
mortar. W5 mortar (mortar with a 5% replacement 
ratio) exhibited a higher compressive strength at 2 
days. A compressive strength for the W5 mortar also 
increased at 7 days. For specimens W15 and W20, the 
compressive strengths decreased slightly compared to 
the reference mortar. Close performances were obtained 
from W10 and W28 mortars. At 28 days, no significant 
changes were observed in terms of compressive 
strengths (except W5 mortar). W5 mortar had a 9% 
higher compressive strength than the reference mortar.
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Fig. 7. Compressive strengths of mortars

in terms of compressive strengths at 28 days. 
Also, the partial replacement with waste concretes 
up to 5% in cement production can improve 
the compressive strength of mortar at 28 days.

4. Conclusion

Waste concretes can be successfully used instead of a 
limestone additive in CEM II B-L type cement production. 
No significant changes were achieved in terms of the 
chemical composition of cement. In addition, the XRD 
results showed that the XRD patterns of all cement were 
almost the same, which is relative evidence that cement 
can be successfully manufactured using concrete wastes.
The use of waste concrete as a limestone additive with up 
to a 10% replacement ratio increased the flexural strength 
by 8%. Furthermore, the use of waste concrete up to 
5% as a limestone additive increased the compressive 
strength by 15, 8, and 9% at 2, 7 and 28 days, respectively.
A slight fluctuation was observed when the use of waste 
concrete ratio was from 15-28%. In the W28 series, flexural 
and compressive strengths were higher than that of the RC. 
After additional investigations, the use of higher amounts 
of waste concrete in CEM II B-L type cement production 
is possible as an environmentally-friendly alternative.
When the harmful effects of cement manufacturing 
on nature (degradation of nature, greenhouse gas 
emissions, etc.) are taken into consideration, the use 
of waste concretes can be a sustainable alternative.
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استخدام النفايات الخرسانية كبديل للحجر الجيري في إنتاج الأسمنت الممزوج بالحجر الجيري

ايلكر بكير طوبشي1، حسن بايافلي2 

جامعة أسكي شهير عثمان غازي، قسم الهندسة المدنية، إسكي شهير، تركيا 1
جامعة هيتت، قسم تكنولوجيا البناء، كوروم، تركيا 2

الملخص

إن الحجــر الجيــري المُســتخدم فــي إنتــاج الأســمنت مــن النــوع B-L CEM II مأخــوذ مــن الطبيعــة بشــكل روتينــي عن طريق اســتنزاف مــوارده الطبيعية 
ممــا يــؤدي إلــى اختــال التــوازن البيئــي فــي المناطــق بســبب تدميــر الطبيعــة. فــي هــذه الدراســة، تــم البحــث عــن اســتخدام النفايــات الخرســانية فــي إنتــاج 
الأســمنت. فقــد أجُريــت دراســات تجريبيــة لاســتخدامها فــي إنتــاج الأســمنت الممــزوج بالحجــر الجيــري علــى وجــه الخصــوص. ولهــذا الغــرض، تم طحن 
عينــات خرســانية (150 × 150 × 150 مــم) بقــوة انضغاطيــة تبلــغ 65 ميجــا باســكال فــي المتوســط بعــد إجــراء اختبــارات الضغــط واســتخدام النفايــات 
الخرســانية المطحونــة بــدلاً مــن مضيفــات الحجــر الجيــري فــي إنتــاج الأســمنت مــن نــوع CEM II B-L. وتــم فحــص خصائصهــا الكيميائيــة والفيزيائيــة 
وفقــاً لمعاييــر الأســمنت ذات الصلــة. وتــم كذلــك إجــراء تحليــل حيــود الأشــعة الســينية علــى الأســمنت للمقارنــة. ثــم تــم تقييــم الأداء الميكانيكــي للأســمنت 
فــي عــدد 2 و 7 و 28 يومــاً عــن طريــق إجــراء اختبــار الإنثنــاء ثاثــي النقــاط واختبــار الضغــط. وقــد أدى اســتخدام النفايــات الخرســانية كمــادة مضافة من 
الحجــر الجيــري بنســبة اســتبدال تصــل إلــى ٪10 إلــى زيــادة قــوة الانثنــاء بنســبة ٪8. بالإضافــة إلى ذلــك، أدى اســتخدام النفايات الخرســانية كمــادة مضافة 
مــن الحجــر الجيــري بنســبة اســتبدال تصــل إلــى %5 إلــى زيــادة قــوة الانضغــاط بنســبة 15 و 8 و ٪9 فــي عــدد 2 و 7 و 28 يومــاً علــى التوالــي. وختامــاً 
.CEM II B-L لذلــك، فإنــه يمكــن اســتخدام النفايــات الخرســانية بنجــاح بــدلاً مــن المــادة المضافــة مــن الحجــر الجيــري فــي إنتــاج الأســمنت مــن نــوع
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