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 اٌؼسثٝ: اٌٍّخض

 اٌصعبط ػٍٝػٓ ؽحٓ ِخٍفبد  اٌصعبط إٌبرظرُ فٟ ٘را اٌجحش صزاظخ ر ص١س اظزجداي عصء ِٓ ِحزٜٛ الاظّٕذ ثّعحٛق 

ّعحٛق ثاٌع١ٍ١ىب  ٚاثخسحالاظّٕذ ح١ش رُ اظزجداي عصء ِٓ   اٌخٛاص ا١ٌّىب١ٔى١خ ِٚزبٔخ اٌخسظبٔخ ػب١ٌخ الاصائ١خ.

. ٚ لد رُ اعساء اخزجبز فٟ صزعخ حسازح اٌلسفخ ل١بظ١خِؼبٌغخ  اٌؼ١ٕبد ِؼبٌغخ% ٚرُ  40 , 30, 20 ,10اٌصعبط ثٕعت 

حزىبن لاٌاخزجبز ِمبِٚخ اٌخسظبٔخ  ٚا٠ؼب ُِ 280×25×25ث ثؼبص  رؼ١١ٓ ِمِٛخ الأحٕبء ٌؼ١ٕبد ِٓ اٌّٛٔخ الاظّٕز١خ 

خٛاص اٌخسظبٔخ  رحع١ِٓعحٛق اٌصعبط فٟ  وفبءٖ اٌدزاظخاصجزذ ٚ لد  .ُِ 70×70×70 ثؼبصث ٌجسٞ ػٍٝ ِىؼجبد ٚا

ثرٌه ٠ّىٓ ذاد ِزبٔخ ٚخٛاص ١ِىب١ٔى١خ فبئمخ ٚأزبط خسظبٔخ شعبع١خ ػب١ٌخ الاصائ١خ  ٚ ِٓ صُ ٠ّىٓ ،ا١ٌّىب١ٔى١خ ِٚزبٔزٙب

 .إٌبرغخ ِٓ طٕبػخ الاظّٕذ ٚي٠ؼب اػبصح اظزخداَ ِخٍفبد اٌصعبطً الاصبز اٌعٍج١خ ػٍٝ اٌج١ئخ ١رمٍ

 .خ الاصائ١خ، ِعحٛق اٌصعبط ، ِخٍفبد اٌصعبطم: خسظبٔخ فبئاٌىٍّبد اٌدلا١ٌخ

Abstract: 

This research studied the influence of adding glass powder resulted from grinding glass wastes 

(Particle size approximately 10 µm) on the mechanical properties of Ultra-High Performance 

Concrete (UHPC) when used as a partial replacement material cement and silica fumes. 

Cement and silica fumes were replaced partially by the exact percentages of 10, 20, 30, and 

40% by glass powder. The specimens were normally cured in water at room temperature. 

After that, flexural strength was tested on prisms of 25×25×280 mm, and an abrasion test was 

held on cubes of dimensions 70×70×70 mm. The study proved the efficiency of glass powder 

to enhance the mechanical and durability properties of Ultra-High Performance Concrete. 

Therefore, using waste glass powder as cement replacement can help save the environment by 

reducing the amount of used cement in construction. 

Keywords: Glass Powder, Glass wastes, green concrete, abrasion, flexural strength, UHPGC, 

UHPC. 
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1. Introduction 

Conventional Concrete (C.C.) with typical cement content (200-450 kg/m
3
) has low strength, 

durability, workability, and high fragility that may affect structural elements‘ performance and 

weight. Therefore, producing a new type of concrete such as Ultra-High Performance 

Concrete (UHPC) provides superior mechanical, durability, and ductility properties since it 

has higher cement content, silica fumes, quartz powder, quartz sand, and steel fibers. 

Nowadays, UHPC is used in precast and pre-stressed concrete for the construction of bridges 

and high-rise buildings. 

Lately, many researchers tend to study new types of UHPC using eco-friendly materials as a 

replacement for cement [1]. Glass is one of the most suitable materials used for that purpose 

due to its high pozzolanic activity. Moreover, a vast amount of glass waste is dumped in 

landfills and not recycled due to expensive recycling costs [2]. Therefore, researchers tried to 

get benefits from non-recycled glass wastes and use those wastes as a replacement material for 

cement.especially, that glass has zero water absorption, but cement absorbs a portion of 

mixing water. Furthermore, glass has a high pozzolanic activity, which helps in increasing the 

strength of concrete. Therefore, why don‘t researchers get a new sort of green concrete, 

especially that glass has zero water absorption compared to cement and its high pozzolanic 

activity, which means a high degree of reaction over time [3]. 

Recently, manufacturing of Ultra-High-Performance Glass Concrete (UHPGC) with variable 

size of glass particles provides high workable concrete due to zero water absorption by glass 

particles. Moreover, the higher mechanical and durability properties of UHPGC improves 

concrete structures‘ behavior and design, as it approximately reduces sections by 60% 

compared to normal strength concrete. Also, it decreases glass wastes by replacing large 

quantities of cement and thus, reducing the cost. Moreover, the UHPGC has many other 

advantages, as stated by Soliman et al. [4], in the following points 

(i) It reduces the dimensions of concrete elements due to its higher mechanical 

properties compared to the conventional concrete;  

(ii) Consequently, it reduces the self-weight of structural elements by more than 60%; 

(iii) It extends the service life of the structure;  

(iv) It reduces the maintenance costs due to its superior durability properties. 

This study aims to increase the applicability of using glass powder to replace cement in 

concrete mixes to achieve higher mechanical and durability properties and find a green type of 

concrete to replace the traditional ones. 

2. Experimental Program 

This research project aims to achieve hardened properties of Ultra-High Performance 

Concrete (UHPC) using glass powder as an alternative material for cement and silica fumes, 

by replacement values of 10, 20, 30, and 40% by weight. In addition, the properties of the 

materials were clarified according to the specified tests and certified datasheets. The 
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experimental program consists of two phases: Phase (I) aims to evaluate the chemical and 

physical properties of raw materials, while Phase (II) aims to evaluate the mechanical 

properties of the modified concrete mixture to achieve an optimum mix for high abrasion 

resistance, flexural strength, and acceptable fresh properties. The tests performed to assess the 

mechanical properties of the UHPGC are the following: (i) Abrasion properties determined 

according to DIN 52108 [5]; and (ii) Flexural strength according to ASTM C293 [6]. 

2.1. Evaluating the Properties of Raw Materials 

2.1.1. Properties of Glass Powder (GP): 

Glass powder (GP) was the wastes of broken glass from EL NASR COMPANY FOR GLASS, 

Egypt, as shown in Figure 1. The glass is made from three main chemical components: silicon 

dioxide (SiO2), calcium carbonate (CaCo3), and sodium carbonate (Na2Co3) melted at a 

temperature of 1400 - 1600
o
C. The glass was ground using a grinding machine to be a fine 

powder, as shown in Figure 2. XRF test was applied on a specimen of glass powder to 

determine its chemical composition, as presented in Table 1. In addition, the same specimen 

underwent a laser sieve analysis test to find that (Dmax = 26.59 µm) and (D50 = 14.216 µm), 

according to Figure 3. 

D50: The portions of particles with diameters smaller and larger than this value are 50%. 

Dmax: The maximum particle size. 

 

 

Figure 5: Glass wastes before grinding 
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Figure 2: Glass wastes after grinding to fine glass powder 

 

Figure 3: Laser scattering particle size 

Table 1: Chemical composition of glass powder according to XRF test 

Oxide content (%) 

SiO2 Al2O3 Fe2O3 CaO MgO SO3 Na2O K2O Cl L.O.I** Total 

74.85 1.52 0.28 4.32 5.10 0.19 12.90 0.13 0.08 0.49 99.87 

**According to ASTM C114 [7] 

2.1.2. Properties of Sika Fumes- HR 

Sika Fumes-HR is a new generation of concrete additives in powder form based on sika silica 

fume technology. It contains extremely fine reactive silicon dioxide of an approximate size of 

0.1µm, as shown in Figure 4. As well as, its bulk density was 300 kg/m
3
. It was 

recommended to use Sika Fume-HR to improve the internal cohesion and water retention 

towards incredibly soft mix and improved pumping properties. Sika Fume-HR was added by 

dosage 10% of cement weight, according to ASTM C494 [8] and ASTM C1017 [9]  
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Figure 4: Sika Fumes –HR 

2.2. Concrete Mix 

Ultra-High Performance Concrete (UHPC) requires a precise mixing procedure and high-

quality control. A detailed description for the steps of mixing is clarified, as well as procedure 

of flexural and abrasion tests. Five mixtures were prepared using six materials such as 

Portland cement, water, quartz sand, sika fumes-HR, sika Visco-flow10, and glass powder. 

The mixtures were prepared with different replacement percentages and constant water binder 

ratio (w/b = 0.2). Constant water, quartz sand, and sika Visco-flow10 were used. In each 

mixture, cement and sika fumes-HR are replaced by glass powder with the same ratio for both 

0, 10, 20, 30, and 40%.  

Test Matrix and Experimental Program 

2.3. Test Matrix 

Mixture constituents in kilogram for binders and liter for water and superplasticizer per cubic 

meter of mortar are shown in Table 2 

. 

Table 2: Test Matrix for Cubic Meter of Mortar 

Mixture ID Cement Sika fumes-HR 
Quartz 

sand 

Sika Visco-flow 

10 
Water 

Glass 

powder 

Control 1080 108 950.86 10.8 237.6 0 

10% 972 97.2 950.86 10.8 237.6 118.8 

20% 864 86.4 950.86 10.8 237.6 237.6 

30% 756 75.6 950.86 10.8 237.6 356.4 

40% 648 64.8 950.86 10.8 237.6 475.2 
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2.4. UHPGC Properties 

3.2.1. Flexural Strength 

Testing specimens determined the flexural properties of the UHPGC according to ASTM 

C293[6] . Prisms of 40×40×160 mm for mortar were cast. The prisms were filled with mortar 

then compacted on vibrating tables. Specimens were cured and placed in water tanks at room 

temperature. A flexural strength test was conducted after 28 days of curing. Figure 5 shows 

the flexure test setup. 

 

 Figure 5: Typical specimen under flexural testing 

3.2.2. Abrasion Test 

Cubes of dimensions 70×70×70 mm were tested under abrasion. The machine was cleaned, 

and sand spread on the primary disk, the specimen was put between the jaws, the used load 

was 5.0 N. The dimensions and the weight of specimens were measured before testing then 

each specimen was subjected to abrasion for 500 m (tested for 11 minutes continuously), as 

shown in Figure 6. The weight was measured again to get the weight loss. The test was held 

according to DIN 52108 [5].                                                                                
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Figure 6: Typical specimen under abrasion testing 

Results and Discussion 

2.5. Flexural Strength Test Results 

All specimens were cured under normal conditions for 28 days. The flexural specimens were 

tested under three point loading test, as shown in Figure 7. All specimens were failed due to 

tension at the bottom face, as shown in Figure 7. The prism specimens provided a flexure 

strength value of 18.22, 20.1, 27.88, 17.43, and 14.39 MPa for control mix, 10%, 20%, 30%, 

and 40% cement replacement, respectively. Therefore, the highest flexure strength was 27.88 

MPa, corresponding to 20% of glass-cement replacement, as clarified in Figure 8. This 

behavior is attributed to the pozzolanic activity of grass powder with the calcium hydroxide to 

increase CSH gel. The flexural strength varies by changing the precentages of replacement by 

0, 10, 20, 30 and 40% to be 18.2, 20.1, 27.9, 17.4 and 14.4 MPa. 

 

 

Figure 7: Typical prim specimen under flexure failure 
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Figure 8: Average Flexural strength values of prism specimens at various cement 

replacements; 0, 10, 20, 30, and 40%.  

2.6. Abrasion Test Results 

The abrasion test results after 28 days showed that the control, 20%, and 30% replacement 

specimens had the most abrasion resistance as their specimens had the lowest height loss due 

to the high strength and compaction. The height loss of the specimens control, 10, 20, 30 and 

40% glass-cement replacement was detected to be 0.34, 0.68, 0.32, 0.31 and 0.51 respectively. 

 

 

Figure 9: The influence of glass-cement replacement on height loss during abrasion testing 

Finally, the observed optimum mixture was the 20% of glass cement replacement as it gives 

the highest flexural strength, and resistance to abrasion. Figure 9 shows the height loss of 

cube specimens for various mixtures at 0, 10, 20, 30, and 40% cement replacement by glass 

powder. 
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Conclusions and Recommendations 

This paper presented the preliminary results of a study conducted to characterize Ultra-High 

Performance Glass Concrete (UHPGC). Based on the test results presented herein, the 

following conclusions are drawn: 

 Green concrete was produced using glass wastes, and this type of concrete is rescuing 

the environment against the harms caused by glass wastes and its non-decomposition 

and the harms of Co2 emissions due to cement manufacturing. 

 The 20% glass-cement replacement specimen shows the best flexural resistance that 

reached 27.9MPa. 

 The minimum height loss resulting from abrasion 20% and 30% of cement replacement 

by glass powder. 

 The experimental study presented is limited to transparent glass powder used in this 

study and should not be extended to other colors or types of glass.  

References 

[1] H. Du, K.H. Tan, Waste glass powder as cement replacement in concrete, J. Adv. 

Concr. Technol. 12 (2014) 468–477. 

[2] N.A. Soliman, A.F. Omran, A. Tagnit-Hamou, Laboratory characterization and field 

application of novel ultra-high-performance glass concrete, ACI Mater. J. 113 (2016) 

307–316. 

[3] H. Lee, A. Hanif, M. Usman, J. Sim, H. Oh, Performance evaluation of concrete 

incorporating glass powder and glass sludge wastes as supplementary cementing 

material, J. Clean. Prod. 170 (2018) 683–693. 

[4] N.A. Soliman, A. Tagnit-Hamou, Partial substitution of silica fume with fine glass 

powder in UHPC: Filling the micro gap, Constr. Build. Mater. 139 (2017) 374–383. 

[5] DIN, DIN 52108 Testing of inorganic non-metallic materials - Wear test using the 

grinding wheel according to Böhme - Grinding wheel method, (n.d.). 

[6] ASTM-C293, C293 - 15 Flexural Strength of Concrete (Using Simple Beam With 

Center-Point Loading), ASTM Int. (2015) 1–3. 

[7] ASTM C114 - 15 - Chemical Analysis of Hydraulic Cement, Notas de Estudo de 

Engenharia Civil, (1988). 

[8] ASTM, ASTM C494 / C494M - 19 Standard Specification for Chemical Admixtures 

for Concrete, (2001) 11. 

[9] ASTM, ASTM C1017 / C1017M - 13e1 Standard Specification for Chemical 

Admixtures for Use in Producing Flowing Concrete, (2002). 

 

 


