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اٌؼشتٝ : اٌٍّخض  

ِٓ اٌرؽذ٠اخ فٟ ذؽغ١ٓ ٚط١أح اٌخٍطاخ الاعفٍر١ح اٌّرذ٘ٛسج. غاٌثا ِا ٠ظٙش فٟ اٌشطف  اٌىص١شذٛاظٗ اٌؼذ٠ذ ِٓ اٌذٚي 

اٌّشْ ػ١ٛب ِصً اٌششٚؾ ٚاٌرخذد خظٛطا فٟ إٌّاؽك اٌؽاسج. اصداد اعرخذاَ الاػافاخ فٟ اٌخٍطاخ الاعفٍر١ح لاْ 

افؼً إٌرائط ٌٍخٍطاخ الاعفٍر١ح ؽشق ذؽغ١ٓ الرظاد٠ح ٌٍؽظٛي ػٍٝ  اذعٙد اٌٝ ِؼظُ اٌذٚي فٟ اٌفرشج الاخ١شج

ِٓ اٌثٛدسج ػٍٝ خظائض اٌخٍطاخ الاعفٍر١ح تاعرخذاَ  ِخرٍفحاٌغاخٕح. ذمذَ ٘زٖ اٌذساعح ذم١١ُ ػٍّٟ ٌرؤش١ش أٛاع 

ح اعرخذِد وثٛدسج ِشظؼ١ح. تؼذ ّٚ٘ا الاعّٕد اٌثٛسذلأذٞ اٌؼادٞ ٚاٌع١ش اٌّطفٟ. اٌثٛدسج اٌع١ش٠ الاػافاخٔٛػ١ٓ ِٓ 

ػ١ٕاخ ِٓ اٌخٍطاخ الاعفٍر١ح اٌغاخٕح تاعرخذاَ ؽش٠مح ِاسشاي. ذُ اظشاء اخرثاس اٌصثاخ ٚالأغ١اب ػٍٝ  9رٌه ذُ ذؽؼ١ش 

اٌؼ١ٕاخ. ذُ ؼغاب ل١ُ اٌصثاخ ٚالأغ١اب. ذُ ؼغاب ِؼاِلاخ ِاسشاي تإٌغثح ٌّؽرٜٛ الاعفٍد الاِصً ٚٔغة الاػافاخ. 

اظشاء اخرثاساخ الاداء ٌرم١١ُ خظائض اٌخطاخ الاعفٍر١ح اٌغاخٕح، ذرؼّٓ ٘زٖ الاخرثاساخ اخرثاس اٌفمذ فٟ  تؼذ رٌه ذُ

اٌصثاخ ٚاٌؼعٍح اٌرشدد٠ح ٚاٌشذ اٌغ١ش ِثاشش. ادخ إٌرائط اٌٝ اعرٕراظاخ ٍِؽٛظح فٟ اعرخذاَ الاعّٕد اٌثٛسذلأذٞ 

ر١ح اٌغاخٕح. ذٛطٟ ٘زٖ اٌذساعح تاعرخذاَ خ١ٍؾ ِٕاعة اٌؼادٞ ٚاٌع١ش اٌّطفٟ فٟ ذؽغ١ٓ خظائض اٌخٍطاخ الاعفٍ

% ِٓ تٛدسج اٌع١ش اٌّطفٟ. 100% تاٌٛصْ ِٓ تٛدسج الاعّٕد اٌثٛذلأذٞ اٌؼادٞ اٚ ٠50ؽرٛٞ ػٍٝ تٛدسج ِىٛٔح ِٓ 

                                                                                                                                           
Abstract: 

Many countries are facing many challenges in strengthening and maintaining the deteriorated 

asphalt mixes. The flexible pavement often shows distresses such as cracks and rutting in hot 

regions. The utilization of additives on asphalt mixes has increased in recent years because 

most countries are turning to the cheapest improvements and the best results for hot mix asphalt 

(HMA) mixtures. This study presents an experimental evaluation in the influences of various 

fillers on the characteristics of HMA mixes, using two types of additives, namely ordinary 

Portland cement (OPC) and hydrated lime (HL). Limestone dust (LD) was taken as a reference 
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filler. After that, 9 HMA samples were prepared by using the method of Marshall mix design. 

Tests of stability and flow were conducted to the samples. Then the values of stability and flow 

were calculated. For the optimum asphalt content (OAC) and additive percentages, the 

parameters of Marshall were determined. After that, the tests of performance were conducted to 

evaluate the characteristics of HMA mixes, including stability loss, wheel tracking and indirect 

tensile strength tests. The results led to remarkable findings considering the utilization of 

ordinary Portland cement (OPC) and hydrated lime (HL) to enhance the characteristics of HMA 

mixes. This study recommends a suitable mixture with filler included 100 wt.% OPC or 50 

wt.% HL respectively. 

Keywords: Mineral filler; ordinary Portland cement (OPC); hydrated lime (HL); Marshal 

stability; wheel tracking 

 

1. Introduction 

The continuous traffic growth requires, with an increase in axle loads, the enhancement of the 

materials of highway paving is required. Researchers aim to provide safe, durable, economical, 

and able to resist the expected loads on it [1]. The flexible pavement displays distresses such as 

rutting and cracks in hot regions. To attain this aim, researchers are devoted to choosing the 

paving materials which decrease the distresses of pavement and improve asphalt pavement 

performance. Filler provides an important function in investigating the characteristics of the 

mix, particularly its aggregate interlocking influences [1]. At present, in hot regions, the 

ordinary asphalt viscosity 60/70 (AC 60/70) has many disadvantages, where road surface 

temperature can reach 70 °C. 

     This study displays the utilization of OPC as a filler alternative to enhance the hardness of 

asphalt mixtures made from B 60/70 bitumen. This modified mix improves pavement stability 

and resistance to high temperature. To quantify the influences of OPC on asphalt mixtures 

performance in hot regions, four different proportions of OPC (25%, 50%, 75% and 100%) are 

used as filler alternatives in three different blends. This study indicated that the OPC filler 

redisplayed a more stable alternative to ordinary asphalt which also decreases thickness 

requirements, due to the resulting higher stiffness modulus of rigidity [2].  

     HL has been used as an additive for HMA mixtures from their beginning. It experienced a 

strong interest when frost and damage of moisture became some of the most pavement failure 

patterns with time.  HL has been known to be more than a damage of moisture additive; it 

decreases chemical aging of the asphalt and stiffens the mastic more than conventional filler. 

HL improves the surface characteristics of aggregate, allowing for the development of surface 

composition and roughness more favorable to asphalt adhesion. HL treats the existing clayey 

particles adhering to the aggregate surface, inhibiting their detrimental influence on the mix. In 

addition, HL can react chemically with asphalt acids, which in turn slows down the age-

hardening kinetics and neutralizes the influence of the ―bad‖ adhesion promoters originally 

present inside the asphalt, improving mix moisture resistance [3].  
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     In this study, and in view of the aforementioned, and to attain the goal of enhancement in 

asphalt mixes, these additives were used in different proportions, as cement and lime were 

used as fillers and in different proportions. Attention has been paid to these enhancements for 

their economic feasibility in addition to their impact that was demonstrated by conducting 

some laboratory tests that proved that these tests are superior to those materials. 

 

2. Aims 

The main aims of this study are to examine the influences of the quantity and quality of mineral 

filler (ordinary Portland cement, and hydrated lime) on the characteristics and performance of 

HMA mixtures and calculate the optimum additive filler percentage to obtain the desired stability 

and flow values. 

 

3. Methodology 

Ten tests were performed on the chosen materials to check their validity: five tests were 

performed on aggregates and five tests were performed on asphalt. After that, the OAC was 

calculated and remained the same for all mixtures. Limestone dust (LD) was taken as a reference 

filler. After that, it was substituted to some percentage by ordinary Portland cement (OPC) and 

hydrated lime (HL). Tests of stability and flow were conducted to samples. Values of stability and 

flow were reported. Based on these values, the optimum percentage of OPC and HL was identified. 

In addition, all prepared samples characteristics were compared with those of a reference mix. 

Finally, tests of performance were performed on the mixtures with optimum additive filler 

percentage, including stability loss, wheel tracking and indirect tensile strength tests.  

 

4. Materials 

Tested HMA mixtures were consisted of aggregates, asphalt and mineral filler. All materials testing 

were performed in accordance with AASHTO.  

   

4.1. Aggregates 

Crushed dolomite stone was used as coarse aggregates portion in HMA mixes. Siliceous sand 

was used as fine aggregates of the prepared HMA mixtures. Table 1 displays the design 

gradation of aggregates and specification limits in accordance with the Egyptian code [4]. Table 

2 displays aggregates characteristics in accordance with the Egyptian specification of asphalt 

mixtures [4] 

 

 

. 
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Table 1 Characteristics of aggregates used 

Test Results 
Specification 

limits 

Los Angles 

abrasion (%) 

After 100 

revolution 
5% ≤  10% 

After washing 

after 500 

revolution 

26% ≤  40% 

Water absorption (%) 2.5% ≤  5% 

Bulk specific gravity (g/     2.66 g/    -- 

 

Table 2 Aggregates design gradation 

Sieve size (mm) Design gradation Specification limits 

25 100 100 

19 96.9 80-100 

12.5 83.2 -- 

9.5 74.2 60-80 

4.75 48.6 48-65 

2.36 37.3 35-50 

1.18 32.6 -- 

0.6 23.9 19-30 

0.3 17.3 13-23 

0.15 11.1 7-15 

0.075 7.5 3-8 

4.2. Asphalt 

Suez asphalt cement was used to prepare all HMA mixes. Table 3 displays asphalt 

characteristics. 

 

Table 3 Characteristics of asphalt used 

Test Results 
Specification 

limits 

Penetration (0.1 mm) 64 60-70 

Softening point (ºc) 48 45-55 

Flash point (ºc) +270 +250 

Kinematic viscosity (cst) 428 +320 

Ductility (cm) +100 ≥ 95 
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4.3. Mineral filler  

The mineral filler used in the prepared mixtures was limestone dust (LD). Table 4 displays the 

design gradation of the three types of fillers. Fig. 1 displays the appearance of the three types 

of fillers. 

 

Table 4 Mineral filler gradation 

Sieve size (mm) 
Design gradation 

Specification limits 
LD OPC HL 

0.6 100 100 100 100% 

0.3 100 100 100 -- 

0.15 95 98 91.3 > 85% 

0.075 87 97 85.7 > 65% 

 

 

4.4. Enhanced asphalt mixes 

To investigate the influence of utilization different additives as a mineral filler on asphalt 

mixes characteristics, 9 HMA mixtures were prepared. The first HMA mixture composes of 

the chosen materials, the OAC (5.2%) and 5% LD as reference filler, being named the 

(Reference Mix.). After that, four HMA mixtures with the chosen materials, the OAC (5.2%) 

and different percentages of OPC (25, 50, 75, 100%) were prepared, and the method of 

Marshall mix design was performed to calculate the optimum ordinary Portland cement 

content (O.OPC.C), resulting in the first comparison mixture (Comp. Mix. 1). After that, four 

HMA mixtures with the chosen materials, the OAC (5.2%) and percentages of HL (25, 50, 75, 

100%) were prepared, and the method of Marshall mix design was performed to calculate the 

optimum hydrated lime content (O.HL.C), resulting in the second comparison mixture (Comp. 

Mix. 2). After that, these three main mixtures were applied to the performance tests to 

investigate the behavior of HMA mixtures with OPC or HL as additive. These 9 HMA 

mixtures were displayed in table 5. 

Fig. 1 The appearance of the two types of fillers: (a) Limestone dust; (b) Ordinary Portland cement; 

(c) Hydrated lime 



59 
 

Table 5 The 9 HMA mixtures 

Filler 

type 
Code Description Function Objective 

L
D

 

Mix 0 OAC % + 100% LD 
Calculate stability & 

flow 
Reference Mix 

O
P

C
 

Mix 1 OAC % + 25% OPC + 75% LD 

Calculate O.OPC.C 

of comparison mixes 
Comp. Mix. 1 

Mix 2 OAC % + 50% OPC + 50% LD 

Mix 3 OAC % + 75% OPC + 25% LD 

Mix 4 OAC % + 100% OPC + 0.0% LD 

H
L

 

Mix 5 OAC % + 25% HL + 75% LD 

Calculate O.HL.C of 

comparison mixes 
Comp. Mix. 2 

Mix 6 OAC % + 50% HL + 50% LD 

Mix 7 OAC % + 75% HL + 25% LD 

Mix 8 OAC % + 100% HL + 0.0% LD 

  

 

5. Experimental works and results 

5.1. Optimum asphalt content (OAC) 

Four HMA mixes with the chosen materials in the previous phase, asphalt contents (4.5, 5.0, 

5.5, 6.0%) and 5% LD as reference filler were prepared. The method of Marshall mix design 

was performed for the wearing surface mixture (Mix 4C) to evaluate mixes characteristics in 

accordance with AASHTO T-166 [5]. These four HMA mixtures were applied to the Marshall 

test to get the values of stability and flow. The OAC was calculated, resulting in a value of 

5.2% to exhibit peak stability and desired flow, actual specific gravity, and reasonable ratio of 

air voids. Table 6 displays OAC mix characteristics with 5% LD as reference filler. 

 

Table 6 Marshall characteristics at optimum asphalt percentage (OAC) 

Characteristics Results Specification limits 

Stability (kg) 1300 > 900 kg 

Flow (mm) 3.6 2-4 mm 

Stiffness (kg/mm) 361 300-500 kg/mm 

Specific Gravity (g/     2.357 -- 

% Air voids (  ) 3.62 3-5 % 

% Voids in Mineral Aggregate (VMA) 14.65 -- 

% Voids Filled with Asphalt (VFA) 75.3 -- 

 

5.2.Optimum ordinary Portland cement content (O.OPC.C) 

Four HMA mixes with the chosen materials, the OAC (5.2%), and percentages of OPC (25, 

50, 75, 100%) were prepared. The method of Marshall mix design was performed to calculate 
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the optimum ordinary Portland cement content (O.OPC.C), resulting in a value of 100%. 

Table 7 displays the results of Marshall test for the percentages of OPC, whereas table 8 

displays O.OPC.C mix characteristics. 

 

Table 7 Characteristics of ordinary Portland cement mixes 

           Mix. no. 

Characteristics          
M1 M2 M3 M4 

Stability (kg) 1368 1413 1476 1545 

Flow (mm) 3.5 3.4 3.2 3.1 

Stiffness (kg/mm) 391 416 461 498 

Specific gravity (g/     2.367 2.377 2.381 2.395 

%    3.58 3.52 3.43 3.28 

% VMA 14.33 13.97 13.83 13.35 

% VFA 75 74.8 75.2 75.8 

Table 8 Characteristics of O.OPC.C mix 

 

5.2. Optimum hydrated lime content (O.HL.C) 

Four HMA mixtures with the chosen materials, the OAC (5.2%), and percentages of HL (25, 

50, 75, 100%) were prepared. The method of Marshall mix design was performed to calculate 

the optimum hydrated lime content (O.HL.C), resulting in a value of 25%. Table 9 displays the 

results of Marshall test for the percentages of HL, whereas table 10 displays O.HL.C mix 

characteristics. 

 

 

 

 

 

 

 

 

Characteristics Results Specification limits 

Stability (kg) 1545 > 900 kg 

Flow (mm) 3.1 2-4 mm 

Stiffness (kg/mm) 498 300-500 kg/mm 

Specific gravity (g/   ) 2.395 -- 

%    3.28 3-5 % 

% VMA 13.35 -- 

% VFA 75.8 -- 
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Table 9 Characteristics of hydrated lime mixes 

            Mix. No. 

Characteristics  
M5 M6 M7 M8 

Stability (kg) 1396 1294 1173 1043 

Flow (mm) 3.4 3.7 3.9 4.2 

Stiffness (kg/mm) 411 350 301 248 

Specific gravity (g/     2.368 2.348 2.329 2.316 

%    3.54 3.71 3.92 4.23 

% VMA 14.25 14.97 15.66 16.1 

% VFA 75.16 75.22 74.96 73.73 

 

Table 10 Characteristics of O.HL.C mix 

6. Influence of ordinary Portland cement percentage on Marshall 

characteristics 

6.1.  Influence of ordinary Portland cement percentage on stability 

Table 7 presents that the stability of the OPC mixtures increased as the OPC percentage was 

increased. The stability increased to 1368 kg at 25% OPC (M1), achieving a 5% increase in 

comparison with M0. For the two following mixtures (M2 and M3), as the OPC percentage was 

increased, the stability increased to 1476 kg at 75% OPC, achieving a 12% increase in 

comparison with M0. For the following mix (M4), also as the OPC percentage was increased, 

the stability increased to its highest value of 1545 kg at 100% OPC, achieving a 16% increase 

in comparison with M0. Therefore, it can be noted that the substitution of LD by OPC had an 

obvious influence on the stability at the substitution percentage of 100%. 

 

6.2. Influence of ordinary Portland cement content on flow 

The values of flow for the examined mixes are displayed in table 7. The desired value of flow 

was 3.1 mm, corresponding to the highest stability value at 100% OPC (M4). This value 

decreased the flow by 14% in comparison with M0. The highest value of flow was 3.5 mm at 

25% OPC percentage (M1). 

Characteristics  Results Specification limits 

Stability (kg) 1396 > 900 kg 

Flow (mm) 3.4 2-4 mm 

Stiffness (kg/mm)  411 300-500 kg/mm 

Specific gravity (g/   ) 2.368 -- 

%    3.54 3-5 % 

% VMA 14.25 -- 

% VFA 75.16 -- 
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7. Influence of hydrated lime percentage on Marshall characteristics 

7.1.  Influence of hydrated lime percentage on stability 

Table 9 presents that the stability of the HL mixes decreased as the HL percentage was 

decreased. The stability attained its highest value of 1396 kg at 25% HL (M5), achieving a 7% 

increase in comparison with M0. For the two following mixes (M6 and M7), as the HL 

percentage was increased, the stability reduced to 1173 kg at 75% HL, achieving a 10% 

reduction in comparison with M0. For the following mix (M8), also as the HL percentage was 

increased, the stability of mix reduced to its lowest value of 1043 kg at 100% HL, achieving a 

20% reduction in comparison to M0. Therefore, it can be noted that the substitution of LD by 

HL has an obvious influence on the stability at the substitution percentage of 25%. 

 

7.2. Influence of hydrated lime percentage on flow 

The values of flow for the examined mixes are displayed in table 9. The desired flow value was 

3.4 mm, corresponding to the highest stability value at 25% HL (M5). This value reduced the 

flow by 6% in comparison with M0. The highest value of flow was 3.9 mm at 75% HL 

percentage (M3). Mix M8 lay out of the specification for flow value (> 4 mm) in accordance 

with the Egyptian code [4]. 

 

8. Stability loss test 

The stability loss percent was taken as an index for the durability of the mix under various 

conditions. Marshall samples are kept in a water bath and tested at different times (0, 1, 2, 3 

days) to calculate the stability loss for mixes as shown in Figs. 2 and 3. Figure 4 displays the 

stability loss percent versus immersion time for the selected mixes: Reference Mix, Comp. 

Mix. 1, and Comp. Mix. 2. The three main mixes exhibited values of stability loss within an 

desired range (< 25%) [6].  

     The reference mix presented the lowest loss percent. The stability loss increased to 21% for 

Comp. Mix. 1, achieving a 9.5% increase in comparison with the reference mix. The stability 

loss increased to a highest ratio of 23% for Comp. Mix. 2, achieving a 8.6% and 17% increase 

in comparison with the Comp. Mix. 1 and reference mix respectively. Therefore, it can be 

noted that substitution of LD by OPC had an obvious influence on the stability at its optimum 

percent of 100%, in comparison with HL at its optimum percentage of 25%. 
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9. Wheel tracking test 

The wheel tracking test was performed on three samples in accordance with the Egyptian code 

[4]. This test was conducted on three mixes: Reference Mix, Comp. Mix. 1, and Comp. Mix. 2 

to investigate the influence of OPC and HL on the ability of pavement to resist rutting. Figure 

Fig. 2 Bath of water 

Fig. 3 Marshall samples in water  
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Fig. 4 Stability loss percent with time 

Fig. 3 Marshall samples in water  
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5 displays the machine of wheel tracking test. A slab of dimensions 44 cm × 33 cm × 5 cm 

according to LTG2015 [6, 7] was prepared for each mix and applied to the test at 60 ºC under 

wheel load as shown in Fig. 6. The track depth was reported at constant periods by using dial 

gauge up to 45 min. Figure 7 displays compacted slab after testing. Fig. 8 displays the rutting 

test results for the three main mixes.  

     Based on these results, the reference mix presented the highest rutting depth value (4.5 

mm). The depth of rutting reduced, attaining the lowest value of 3.2 mm for Comp. Mix. 1, 

achieving a reduction of 30% in comparison with the reference mix. The depth of rutting was 

higher than that of Comp. Mix. 1 by 22% for Comp. Mix. 2, achieving a reduction of 9% in 

comparison with the reference mix. Based on these results, it can be noted that substitution of 

LD by OPC had an obvious influence on the stability at its optimum percentage of 100%, in 

comparison with HL at its optimum percentage of 25%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Wheel track machine 

Fig. 6 Slab under wheel load 
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Fig. 7 Compacted slab after testing 
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10. Indirect tensile strength test 

Tensile properties of asphalt mixes are evaluated in accordance with (AASHTO T 283) [8]. 

Marshall sample was loaded at a constant rate along its diametric plan. To investigate the 

pavement performance, the indirect tensile mode can be used to establish the tensile 

characteristics of asphalt mixes. Figure 9 displays the indirect tensile strength test. Two sets of 

the three main mixes were prepared. One set is conditioned by immersing it in a bath filled 

with water at 60 ºC for 24 h. The other set is used as unconditioned mixes. The percent of the 

indirect tensile strength of the conditioned specimens over the average indirect tensile strength 

of the unconditioned specimens is reported as the tensile strength ratio (TSR) which identified 

at least 80% [9].  Figure 10 displays the comparison of mixes results. 

     Based on these results, the reference mix had the lowest value of TSR (84.2%). The TSR 

increased and attained the highest value (89.6%) for comp. mix.1. Therefore, the TSR 

increased by about 6% in comparison with the reference mix. For comp. mix.2, the TSR was 

lower than that one of comp. mix.1 by 2% but this value was higher than that one of reference 

mix by 4%. Therefore, it can be noted that substitution of LD by OPC had an obvious 

influence on the resistance of moisture damage phenomena at its optimum percentage of 

100%, in comparison with HL at its optimum percentage of 25%. According to this 

discussion, it could be noted that the performance of OPC additives in HMA mixes displayed 

a desirable performance in comparison with HL additives. 

Fig. 9 Indirect tensile strength test 
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11.Conclusions  

             Based on the results of this study, the following conclusions can be drawn: 

1. The optimum percentage of OPC was 100% by filler weight instead of LD in the 

enhanced asphalt mixture. 

2. The best percentage of HL was 25% by filler weight instead of LD in the enhanced 

asphalt mixture. 

3. The asphalt mixture with OPC percentage of 100% attained a value of stability about 

16% higher than that of the reference mix. In addition, this percentage attained a flow 

value about 14% lower than that of the reference mix. 

4. The asphalt mixture containing HL at percentage of 25% attained a value of stability 

7% higher than that of the reference mix. In addition, this percentage attained a value 

of flow about 6% lower than that of the reference mix. 

5. The value of stability loss increased when using OPC and HL, in comparison with the 

reference mix. However, it existed in the desirable range (<25%) at the percentage 

values of 100% for OPC or 25% for HL. 

6. Utilization of OPC and HL at their optimum percentages of 100 and 25%, respectively, 

had a significant influence on the rutting resistance. 
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Fig. 10 Tensile Strength Ratio (TSR) for the three main mixes 
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7. Utilization of OPC at its optimum percentage (100%) instead of LD was better in 

comparison with use of HL at its optimum percentage of 25%, increasing the value of 

stability by about 10% and reducing the value of flow by about 9%. 

8. Generally, a mixture was desired and prepared with 100% OPC by filler weight. This 

mix provided desirable values for almost all mix characteristics and therefore is 

recommended. 
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