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 :الطمخص
تشير نفاذية الخرساانة للاق قادرتها  ماق الساماو بمارور المااو والرلوباة. تمعاة النفاذياة دورفا جاسامفا تاي جواناة مختمفاة, 

المتعمقااة بالتساارة  اكلتقمياال المشااذلااا , تضاالاف  اان والملهاار الجمااالي بمااا تااي ذلااا الجفااال  مااق لااول  ماار الهياكاال 
بمااوراك كيمياةيااة  لضاااتةوالتاادرور. تاام ابتكااار العديااد ماان اللاارذ لتعزيااز نفاذيااة الخرسااانة, وتتضاامن لجااد  رااذ  اللاارذ 

خرسااانة , ممااا يقماال ماان اجتماليااة الهيدروليكيااة لمخصاااةص التعماال رااذ  المااواد  مااق تجسااين  , Crystal-X  تساامق
مااق امتصاااص الماااو الموجااود داخاال مسااام الخرسااانة وتجويماا  للااق بمااوراك القاادرع   Crystal-X تمتمااا ,تساارة الميااا 

تام ,  مشابعة بهاذ  البماوراك, تانهاا تخماذ جااجزفا يمناا دخاول المااو والرلوباة اك ندما تصبح المساام ,غير قابمة لمذوبان
ة بعاااد دمجهاااا توضااايح نتااااةب الاختبااااراك المعممياااة المتعاااددع التاااي خجرياااك  ماااق كااال مااان الخرساااانة اللازجاااة والمصااامب

Crystal-X  تااام تقيااايم قابمياااة الخرساااانة الإسااامنك٪ مااان وزن ;.9٪ للاااق 8.1كماااادع مضااااتة, بجر ااااك تتاااراوو مااان .
لمعمال ماان خالال اختبااار الانكمااش, تااي جاين تاام تقيايم جالتهااا الصامبة ماان خالال اختباااراك قيااس قااوع الضا ل والنفاذيااة 

للاق  الإسامنك٪ من وزن ;.9بمعدل  Crystal-X, خد  لضاتة يومفا 0:بعد تترع معالجة مدتها  ,ومعدل الامتصاص
٪  ناد لضااتتها بانفس 99.1٪. وبالمثل, انخفضك نفاذية الخرسانة بنسابة ;1.=9زيادع تي قوع ض ل الخرسانة بنسبة 

 .المعدل
   Crystal-X. ,, خميل مضافالإسمنكنفاذية الخرسانة,  2 دالةالكمطات ال 
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Abstract 
The permeability of concrete refers to its capacity to allow the passage of water and moisture. 
Permeability plays a crucial role in various aspects, including preserving the longevity and visual appeal 
of structures, as well as minimizing issues related to leakage and deterioration. Several methods have 
been devised to enhance the permeability of concrete, and one such method involves incorporating 
chemical crystals called Crystal-X. These materials improve the concrete's hydrophobic properties, 
reducing the likelihood of water leakage. Crystal-X possesses the capacity to absorb water that is found 
within the pores of the concrete and transform it into crystals that are not soluble. When the pores 
become saturated with these crystals, they create a barrier that prevents water and moisture from 
entering. The outcomes of multiple laboratory tests performed on both fresh and hardened concrete 
were elucidated and clarified subsequent to the incorporation of Crystal-X as an additive, at dosages 
ranging from 0.9% to 1.3% of the weight of the cement. The concrete's workability was assessed 
through a slump test, while its hardened state was evaluated through tests measuring compressive 
strength, permeability, and absorption rate. After a curing period of 28 days, the addition of Crystal-X at 
a rate of 1.3 % by weight of cement resulted in a 15.93% increase in the compressive strength of the 
concrete. Similarly, the permeability of the concrete decreased by 11.9% when Crystal-X was added at 
the same rate. 
Keywords: Crystal-X, Concrete Permeability, Cement, Additive Mixture. 
1. INTRODUCTION 

Concrete is widely regarded as a highly significant construction material utilized in the realm of building 
and construction. It is distinguished by its exceptional ability to withstand compression, tension, and 
bending. Nevertheless, concrete is susceptible to degradation and corrosion due to the influence of 
diverse environmental elements such as precipitation, snowfall, and moisture. Permeability is a primary 
factor contributing to this problem. 

In order to address the problem of permeability, different approaches have been investigated, such as 
employing supplementary cementitious materials, applying surface sealants, and utilizing chemical 
admixtures (De Souza Oliveira et al., 2021; Aslani et al., 2022). These admixtures generally consist of 
substances such as Portland cement, silica sand, and a variety of active components. Upon 
incorporation into the concrete mixture, these active constituents undergo a chemical reaction with water 
and calcium hydroxide, resulting in the formation of crystals that are insoluble. This phenomenon, 
referred to as "chemical reaction crystallization," persists gradually, even in the presence of moisture, 
guaranteeing long-lasting waterproofing (Al-Rashed, Radi, and Maher Jabari., 2020). Crystalline 
waterproofing additives have become notable for their capacity to internally obstruct the pores and 
capillaries in concrete, effectively halting the entry of water and moisture. Crystal-X is an additive that 
has demonstrated potential in improving the impermeability of concrete (Lohtia and Joshi, 1996). 
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Using Crystal-X waterproofing admixtures has multiple advantages, according to studies. The study 
conducted by Tibbetts et al. (2021) emphasizes the efficacy of permeability-reducing admixtures (PRA) 
in augmenting the durability of concrete. The study highlights the importance of PRAs in reducing water 
and ionic movement, which are major factors in the deterioration of concrete. These admixtures enhance 
the durability of the concrete by reducing its permeability, thereby safeguarding the reinforcing steel from 
corrosion and greatly extending the lifespan of the structure. The study conducted by Wang et al. (2024) 
highlights the significance of surface treatments in preventing corrosion of reinforcement materials. It 
emphasizes the crucial role of ensuring dry conditions within the concrete. Certain crystalline admixtures 
exhibit the ability to repair themselves. When fissures emerge, the inactive chemicals interact with 
moisture, generating fresh crystals that seal the fissures and hinder additional water penetration. 
(Huseien, et al., 2019; Nair, et al., 2022) examines the concept of self-healing concrete, emphasizing 
the potential of different technologies, such as crystalline admixtures, to improve the durability and 
lifespan of concrete. 

Crystal-X waterproofing admixtures can be affected by various factors, such as: Optimal crystal 
formation and distribution within the concrete are dependent on precise dosage and thorough mixing 
(Jahandari et al., 2023). Effective curing is crucial for facilitating chemical reactions (Liang et al., 2024;  
Zhang et al., 2017). The performance of the admixture can be influenced by the water-to-cement ratio, 
type of aggregate, and other parameters in the concrete mix design.  

The use of crystal-X waterproofing admixtures provides a solution that is both dependable and efficient 
in terms of lowering the permeability of concrete and increasing its durability (Azarsa et al,. 2019)  
Because of their capacity to react with water and to heal themselves, they are an excellent option for a 
wide range of applications, including water-retaining structures and basement walls with water retention 
capabilities. However, in order to achieve optimal performance, it is essential to have a proper 
understanding of their application, including their limitations and the potential interactions they may have 
with other concrete constituents.  

The weight of the cementitious binding materials in this research was fixed at 375 kg/m³. The 
characteristics of the concrete were assessed using various tests, including the slump test. The 
hardened state of concrete was chosen for permeability testing and underwent compressive strength 
testing at 7 and 28 days of age. In addition, the absorption rate was evaluated to ascertain the 
concrete's durability. 
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2. MATERIALS AND METHODS 

2.1. The Raw Materials 

Cement: The study utilized Ordinary Portland cement from the Zliten Cement Factory for the production 
of all concrete mixtures. Table 1 displays the physical and mechanical characteristics of the cement. 
The results indicate that the cement meets the requirements set by the Libyan specifications 
(1997/340). 

Table 1. Outline of the cement’s characteristics 

Properties Value 
Standard water ratio (%) 23 
Initial Setting (min) 187 
Final Sitting (hr) 4 
Soundness (mm) 1 
Fineness (g/cm2 ) 2512 
Compressive Strength at 3 days (N/mm2) 28.9 
Compressive Strength at 28 days (N/mm2) 61 

Aggregate: The mixture consisted of locally sourced fine aggregate and coarse aggregate in a volume 
ratio of 1:1.47. Table 2 displays the attributes of aggregates. The sieve analysis of fine and coarse 
aggregates is depicted in Figures 1 and 2, respectively. 

Table 2. Outline of the aggregate’s characteristics 

Properties Fine aggregate Coarse aggregate 

Specific Gravity 2.69 2.76 

Density (kg/m3) 1530 1959.33 

Absorption Ratio (%) 0.517 0.755 

Impact Value (%) - 19.93 

Crushing Value (%) - 12.46 

Chloride content (%) 0.0092 0.0241 

Sulphate content (%) 0.0033 0.0241 
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Percentage of salts (%) - 0.6704 

Fine Particles Retio (%) 1.72 - 

Ratio of dissolved solids(%) 0.0258 - 

pH 9.17 - 

 

 
Figures 1: Fine Aggregate Particle Size Distribution (Sieve Analysis) 

 

 
Figures 2: Coarse Aggregate Particle Size Distribution (Sieve Analysis) 
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Mixing Water: The water utilized in concrete mixtures is drinkable and devoid of organic substances and 
contaminants. Multiple sources indicate that water is typically considered suitable when the total 
dissolved salts in it are below 2000 parts per million (Gokulanathan, et al.,2021; Nikookar, et al., 2023). 
Furthermore, the utilization of water containing a certain salinity percentage does not seem to have a 
detrimental impact on the long-term robustness or durability of concrete (Al-Jabri et al., 2011). 
However, it does result in blemishes and imperfections on the concrete surface, as well as heightens the 
likelihood of corrosion occurring on the reinforcing steel. Hence, it is advisable to avoid incorporating 
water with a salinity percentage into the mixture of reinforced concrete (Zhao, et al., 2021; Mangi, et al., 
2021) 

Crystalline additive: Crystalline is a chemical additive included into concrete mixture during its production 
to enhance its resistance to water and decrease its permeability. This chemical undergoes a reaction 
with water to generate small crystals within the concrete. Once these crystals attain a specific size, they 
consist of this quantity of crystal cells. Consequently, the permeability of the concrete is decreased, so 
enhancing its strength and long-term durability (Nasim, et al., (2020); Ravitheja, et al (2019)). At 
addition rates ranging from 0.8 to 1% of the weight of the cement used, Crystal – X was directly added 
to the concrete in the mixer and poured with water. 

3. RESULT AND DISCUSSIONS 

3.1. Concrete Slump Test 

Slump test was conducted on the fresh concrete, it is a means of assessing the consistency of fresh 
concrete. A steel cylindrical cone was used. It was placed on a solid impermeable flat base then filled 
with fresh concrete in three layers. Each layer is tampered 25 times to ensure compaction. The slump 
may take one of three possible forms namely: true slump, shear slump and collapse slump.  A true 
slump is generally desired: the concrete subsides a little when the cone is removed, keeping more to the 
initial shape. For a shear slump, the top of the concrete shears off and slips sideways and for a collapse 
slump, the concrete collapses completely. Plate 1 presents the slump test being conducted on the three 
different samples.  Results of the slump test are presented on Figure 3. 
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Plate 1: Slump test in progress 

 

Plate 2: Samples after Water absorption test 

 
Figure 3: Slump test result 
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3.2. Concrete Compressive Strength Test 

The 7 and 28 days compressive strength results for the three samples (Control, 0.9% and 1.3% 
Crystal-X) are presented on Tables 3 and 4 respectively. As can be seen from Table 3, a general 
increase in the compressive strength of concrete was observed with an increase in Crystal-X content.  
The highest 7 day compressive strength of 32.23 MPa was obtained at 1.3% Crystal-X content. The 
same trend was exhibited for the 28 days compressive strength as an increase in Crystal-X content 
returned higher compressive strength values. The highest 28 days strength was recorded at 1.3% 
Crystal-X content with a value of 43.30 MPa. 

Table 3: 7days compressive strength  
Mix Type Trial 1 Trial 2 Trial 3 Average Compressive 

Strength (Mpa) 
Control 25.70 26.40 29.30 27.13 
0.9% Crystal X 27.00 29.00 31.60 29.20 
1.3 % Crystal X 32.80 28.10 32.80 32.23 

 
Table 4: 28days compressive strength 

Mix Type Trial 1 Trial 2 Trial 3 Average Compressive 
Strength (Mpa) 

Control 40.10 36.30 32.90 36.40 
0.9% Crystal X 39.90 42.80 44.70 42.40 
1.3 % Crystal X 41.40 43.40 45.10 43.30 
3.3. Concrete Permeability 

Concrete permeability test result for the three mix types (Control, 0.9 and 1.3% Crystal-X) is presented 
on Table 5. Permeability of the concrete samples decreased with an increase in Crystal-X content. 
 
Table 5: Concrete Permeability test 

Mix Type Trial 1 Trial 2 Trial 3 Average Permeability (cm) 
Control 2.40 2.00 2.10 2.16 

0.9% Crystal X 1.12 1.30 1.90 1.44 
1.3 % Crystal X 1.17 1.00 1.30 1.33 
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3.4. Water Absorption 

The 24-hour water absorption test result for concrete produced with the three mix types is presented on 
Table 6.  A general decrease in absorption rate was recorded with an increase in Crystal-X content. 
Table 6: Absorption rate 

Mix Type Cube 
Weight 
(Kg) 

Cube Weight 
(Kg) 

Absorption Rate (%) 

Control 7.79 7.86 0.83 
0.9% Crystal X 7.70 7.74 0.45 
1.3 % Crystal X 7.84 7.86 0.25 
4. Conclusion 

Based on the results from this research, the following conclusion is drawn:  

▪ The physical properties test conducted on the constituent materials showed the have satisfactory 
properties and can be used for concrete production. A general increase in the compressive strength 
of concrete with an increase in Crystal-X dosage at 7 and 28 days. The highest compressive 
strength value of 43.30 MPa was recorded at 1.3% Crystal-X dosage, representing a 15.93% 
increase in compressive strength. The addition of Crystal-X resulted in a general decrease in the 
concrete permeability. 

▪ addition Crystal X at 0.9% and 1.3% of the cement weight in concrete, respectively, resulting in a 
33.3% and 38.4% decrease in permeability compared to the reference mix. This indicates the 
efficacy of Crystal X in improving the permeabilization of concrete. These findings indicate that 
Crystal X has the potential to enhance the longevity and resilience of concrete against water 
penetration and other environmental influences. 

▪ Concurrently with an increase in the additive dosage in the concrete mix, a reduction in slump value 
was noted. These findings indicate that when the proportion of the additive rises, the workability of 
the concrete declines, potentially impacting the ease of placing and compacting the concrete during 
construction. 
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