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Abstract  The main objective of this research is to 

evaluate the mechanical behavior of hot asphalt mixtures 

with the incorporation of corn cob ash and fiberglass, in the 

city of Huancayo, Peru. The adopted methodology includes 

a quantitative design and an experimental approach, where 

40 asphalt mix briquettes were prepared, of which 22 

contained additives in proportions of corn cob ash (0.5%, 

1.0%, 1.5% and 2.0%) and 1.5% fiberglass. Marshall 

stability and dynamic modulus tests, viscosity and water 

sensitivity analysis, and permanent deformation were 

performed. The results showed that the mixture with 1.5% 

corn cob ash and 1.5% fiberglass reached a maximum 

stability of 1195.8 kg and a yield of 3.66 mm. In addition, 

a reduction in the mixture voids was observed, reaching 

4.02% with 2% ash. However, resistance to moisture 

damage was lower in the mixture with 0% ash and 1.5% 

fiber, with a value of 5.39 kg/cm². Likewise, the addition 

of corn cob ash and fiberglass improved rutting depth and 

the number of passes, generating the lowest deformation, 

4.8 mm, with 2% ash and 1.5% fiber. In conclusion, the 

addition of corn cob ash and fiberglass improves the 

durability of asphalt mixtures, although their proportion 

must be optimized to balance moisture resistance and 

structural stability. 

Keywords Asphalt Mixtures, Corn Cob Ash, 

Fiberglass 

1. Introduction

Road infrastructure is essential worldwide, acting as the 

main engine of a nation's economy and progress by 

connecting productive areas with consumers [1]. The 

construction and maintenance of roads and pavements have 

been essential elements for economic development [2]. In 

this sense, hot-mix asphalt is essential for the formation of 

flexible pavements [3]. 

Several studies, such as that of Slebi et al., [4] 

demonstrate that the incorporation of fibers in hot-mix 

asphalt (HMA) can improve fatigue resistance by up to 

30% and reduce permanent deformation by 20%. 

Furthermore, their research identifies coconut and waste 

fibers as environmentally friendly alternatives that improve 

the mechanical properties of bituminous mixtures. Higuera 

and Morales [5] obtained an optimal asphalt mixture with 

an addition of 30% coarse and fine aggregates and 4.5 % 

asphalt, complying with INVIAS standards. Their research 

highlights the effective use of Recycled Asphalt Pavement 

(RAP) and electric arc furnace slag as sustainable materials 

in asphalt mixtures. Çetín and Oral [6] demonstrated that 

the addition of 0.2% basalt fiber significantly improves the 

mechanical performance of porous asphalt mixtures while 

maintaining hydraulic permeability. Oliveira and Farias [7] 

evaluated recycled hot-mix asphalt mixtures with 25%, 

45%, and 100% RAP, finding significant gains in stiffness 

and good mechanical performance proportional to the RAP 

incorporation rate. The economic analysis indicated that 
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the profitability of the technique depends on the RAP 

percentage and processing logistics; however, overall, the 

study demonstrated the feasibility of its use in paving 

works. Mardones et al. [8] investigated the influence of 

synthetic aramid and polypropylene fibers on the 

mechanical properties of asphalt mixtures, revealing that 

these fibers reduced moisture damage and rutting. However, 

the addition of fibers did not improve the thermal cracking 

performance of the analyzed asphalt mixtures. Velásquez 

and Villegas [9] investigated the influence of synthetic 

aramid and polypropylene fibers on the mechanical 

properties of asphalt mixtures, revealing that these fibers 

reduced moisture damage and rutting. However, the 

addition of fibers did not improve the thermal cracking 

performance of the tested asphalt mixtures. Chaves et al. 

[10] evaluated oil palm mesocarp fiber biochar (OPMF-BC) 

as an asphalt binder modifier and found that a 10% BC/AC 

ratio significantly improved binder stiffness and rutting 

resistance, improved moisture damage by strengthening 

bond strength, and increased fatigue resistance in HMA 

without affecting optimal asphalt content or manufacturing 

temperatures. This study highlights OPMF-BC as a 

promising and sustainable material for improving the 

performance of asphalt mixtures. Regis et al. [11] 

investigated the mechanical properties of warm-mix 

asphalt (WMA) with asphalt binders modified with 1%, 2%, 

and 3% sunflower oil, and found that while overall 

mechanical performance decreased slightly compared to 

neat asphalt, the modified mixtures showed improved 

adhesion and reduced susceptibility to moisture, making 

them suitable for wearing course applications. Their 

research suggests that, despite some reductions in strength, 

modification with sunflower oil offers environmental 

benefits and improved moisture resistance. Khaled et al. 

[12] explored the effect of glass fiber length and content on 

the performance of asphalt mixtures, and found that a glass 

fiber content of 0.5% and a length of 20 mm offered the 

highest quality, significantly improving resistance to 

moisture damage and permanent deformation. This 

modification, despite a modest 6% increase in cost, offers 

a compelling method for extending pavement life. Miera et 

al. [13] investigated the mechanical performance of asphalt 

concrete incorporating three types of recycled fibers and 

found that all tested fibers were suitable, improving the 

values of the reference mix. Recycled aramid fibers 

demonstrated the best results in improving asphalt mix 

performance, contributing to more environmentally 

friendly and cost-effective solutions. 

At the national level, García and Cerna [14] emphasize 

that recent advances in road technology are improving 

safety and design, with smart road systems reducing 

accidents by up to 30% through real-time monitoring. 

Satellite monitoring improves response times by 25%, 

while automated vehicles, projected to represent 15% of all 

vehicles by 2030, use AI to reduce human error. 

Additionally, dynamic road markings, such as fluorescent 

paint, can increase visibility and safety by up to 40% in 

adverse weather conditions. Llacua et al. [15] determined 

that incorporating 3% glass powder into asphalt mixtures 

resulted in a 25% increase in stability and a 15% 

improvement in flow, while adding 2% glass reduced the 

mixture temperature by 10°C. These findings demonstrate 

that glass-modified asphalt improves mechanical 

properties and offers a cooling effect, making it a 

promising option for field applications. Santacruz [16] 

indicates that the incorporation of aramid and polyolefin 

fibers into hot mix asphalt significantly improves 

resistance to rutting and cracking. For example, the study 

found that a 20% increase in fiber content improved fatigue 

performance by 30%, demonstrating the effectiveness of 

these fibers as stabilizers and reinforcers in asphalt 

applications. Plasencia et al. [17] highlight the pressing 

environmental challenge posed by industrial waste 

management, particularly with regard to used engine oil 

(WEO). Their research, aligned with SDG 12 on 

responsible production, explores the incorporation of WEO 

into asphalt mixtures. They determined that the optimal 

percentage of PEN 85/100 asphalt cement is 6.50%, and a 

4.00% WEO addition produces stable performance in 

Marshall tests. While this addition increases production 

costs, it offers significant environmental benefits. This 

study contributes to recent advances in road technology, 

potentially transforming road safety and design by 

promoting sustainable practices in asphalt production. 

Adrianzén et al. [18] conducted a review of 81 articles 

(2014–2021) and concluded that the incorporation of fibers 

in asphalt mixtures improves pavement properties and 

extends their service life, making it economically viable 

despite increased initial costs. The study recommends 

further research on fiber-based asphalt mixtures for road 

projects. 

In this context, the present study focuses on the 

mechanical behavior of hot-mix asphalt mixtures with the 

addition of fiberglass and corn ash. The incorporation of 

these elements seeks to improve their mechanical 

properties, such as stability, fluidity, and void percentage. 

Therefore, the main objective of this research is to evaluate 

the mechanical behavior of hot-mix asphalt mixtures with 

the incorporation of corn ash and fiberglass, offering 

alternatives for the configuration of flexible pavements in 

the city of Huancayo, located in the department of Junín, 

Peru. Huancayo is located at an altitude of 3259 meters 

above sea level (masl), with precise geographic coordinates 

of west longitude 75° 12' 17.5” (75.204861°) and south 

latitude 12° 3' 54.47” (12.064580°), in the UTM zone 18S 

and latitudinal band L (Figure 1). This geographic location 

is characterized by a temperate mountain climate, with 

significant variations in temperature and precipitation 

throughout the year, which can influence the performance 

of asphalt mixtures. The research will focus on analyzing 

the mechanical properties of asphalt mixtures in this 

geographic context, considering the region's specific 
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climatic and traffic conditions, as well as the challenges 

that altitude presents for pavement durability and strength. 

Abbreviations 

 CA: Asphalt cement 

 kg: kilogram 

 gr: gram 

 gr/cm³: Grams per cubic centimeter 

 %: Percentage 

 mm: Millimeter 

 TSR: Tensile Strength Ratio 

 R: Resistance 

 L: Latitudinal 

 msnm: Meters above sea level 

 UTM: Universal Transverse Mercator 

 °C: Degrees Celsius 

 h: Hours 

 min: Minutes 

 s: Seconds 

 ME Pavement: Mechanistic-empirical pavement 

 RAP: Reclaimed Asphalt Pavement 

 Va: Air gaps 

 VMA: Voids in mineral aggregates 

 VFA: Voids filled with asphalt 

 Gmb: Bulk specific gravity 

 cc: Current continuous 

  

Figure 1.  Location Map of Huancayo 
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2. Materials and Methods 

This research is applied [19] and adopts a quantitative 

research design [20]. It is a well-suited typology for 

evaluating, comparing, interpreting, establishing 

precedents, and determining causality and its implications 

[21]. The objective is to generate new knowledge about the 

use of innovative materials, such as corn cob ash and 

fiberglass, to improve the mechanical characteristics of 

flexible pavement. 

The research was conducted over a six-month period 

specifically in the Huancayo Province, where the quarry 

under study is located in Umuto, beginning with 

preliminary pre-field activities and culminating in the 

desktop analysis stage. 

To select the work samples, it was necessary to establish 

precise inclusion and exclusion criteria [22] to ensure the 

relevance and reliability of the results. Regarding inclusion, 

asphalt mixtures with varying percentages of corn cob ash 

were considered: 0.5%, 1.0%, 1.5%, and 2.0%. This choice 

of proportions aimed to analyze how the progressive 

increase in ash could affect the mechanical and durability 

properties of the asphalt mixtures, thus generating a wide 

and detailed range of data. In addition, specific amounts of 

fiberglass were added to the mixtures, establishing levels 

of 1.5%. The incorporation of fiberglass seeks to observe 

its impact on pavement strength and flexibility, evaluating 

whether it reinforces the structural properties of the asphalt 

briquettes. 

Regarding the exclusion criteria, samples that did not 

meet established asphalt quality standards were discarded. 

This included, for example, mixtures with inconsistencies 

in homogeneity, component adhesion failures, or 

irregularities in aggregate distribution. Samples that did not 

meet quality control criteria, established to ensure that each 

mixture maintained ideal laboratory conditions, were also 

excluded. Excluding these mixtures ensured that only high-

quality samples with appropriate properties would be 

included in the analysis, allowing for more accurate and 

representative results on the behavior of the selected 

combinations of ash and glass fiber in asphalt mixtures. 

The study subjects [23] comprise a population of 40 hot-

mix asphalt briquettes, of which 18 contain no additives 

and are used to obtain the standard sample, while 22 

incorporate corn cob ash and fiberglass. These briquettes 

are prepared in a controlled laboratory setting with standard 

materials purchased from local suppliers. 

Sample collection was conducted in a laboratory to 

ensure consistent quality of the materials used. Each 

briquette was labeled according to its composition to 

ensure proper identification during testing, allowing for 

consistent conditions for all samples throughout the entire 

process. During sample processing, the asphalt was heated 

to the recommended application temperature, and the corn 

ash and fiberglass were evenly mixed with the asphalt 

binder before adding the other components. 

Various mechanical and physical tests were performed 

in the laboratory. The mechanical properties of the 

mixtures were evaluated using the Marshall stability test 

[24], which allowed the stability of the asphalt mixtures to 

be analyzed and the dynamic modulus test, which was used 

to measure their stiffness. Regarding the physical 

properties, viscosity tests were performed to determine the 

asphalt's workability and water sensitivity tests, which 

allowed the durability of the mixtures to be evaluated under 

humid conditions. 

Finally, the data obtained were analyzed using 

descriptive statistics, which allowed summarizing the main 

characteristics of the results obtained and facilitated their 

interpretation in the context of the research [25]. 

This research focused on the production of hot-mix 

asphalt using PEN 60/70 binder, crushed aggregates from 

the Umuto quarry, and corn cob ash at 0.5%, 1.0%, 1.5%, 

and 2.0% concentrations. In addition, glass fiber was added 

at 1.5% to evaluate its influence on asphalt mix 

performance. 

To develop the appropriate mix design, the selected 

aggregates were subjected to a classification process to 

determine the appropriate mix type [26]. The requirements 

for the preparation of the hot mix asphalt were based on the 

General Technical Specifications Manual for Highway 

Construction (EG-2013), specifically Section 423: Hot Mix 

Asphalt Concrete Pavement. 

For coarse aggregates, as shown in Table 1, the 

corresponding standards were applied, with the Umuto 

quarry being the designated source of materials for testing 

and developing the mix design. The following 

specifications were considered: 

Table 1.  Summary of Aggregate Test Results According to MTC Standards for Hot Mix Asphalt Design 

Test Standard Requirement Result Observation 

Durability (Magnesium Sulfate) MTC E 209 Max. 18% 2.40% Complies 

Los Angeles Abrasion MTC E 207 Max. 40% 18.20% Complies 

Adhesion MTC E 210 >95% >95% Complies 

Durability Index MTC E 214 Min. 35% 95% Complies 

Flat and Elongated Particles MTC E 221 Max. 10% 2.70% Complies 

Fractured Faces (%) MTC E 517 85 / 50 95.6 / 75.3 Complies 

Total Soluble Salts MTC E 219 Max. 0.5% 0.09% Complies 

Absorption (*) MTC E 206 Max. 1.0% 0.63% Complies 
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For the fine aggregates, the respective requirements were 

applied according to the standards, as shown in Table 2 

with the Umuto Quarry being the source of material used 

for the corresponding testing and hot mix asphalt design. 

Figure 2 shows the asphalt mix design process using the 

Marshall method, from the procurement of materials at the 

Umuto Quarry to the quality control of the resulting asphalt 

mix. The flowchart shows the steps taken considering some 

factors. 

Figure 3 shows the methodology and tests used in the 

process of obtaining hot asphalt mix with the addition of 

corncob ash and fiberglass, from the production of asphalt 

mix briquettes and all the experimental processes to 

determine the mechanical behavior, arriving at results that 

will be indicated in the research process. 

For the asphalt mix design, the MAC-2 grading scheme 

was selected, with a composition of 45% coarse aggregate 

and 55% fine aggregate. The results, shown in Table 3, 

presented the optimal values obtained from the design, 

which was subsequently used to add different percentages 

of corn cob ash (0.5%, 1.0%, 1.5%, and 2.0%) and 1.5% 

fiberglass. 

The asphalt content (AC) was varied between 4.5% and 

6.5% of the total mix weight to determine the optimal 

percentage, following the Marshall method. Three 

briquettes were compacted for each asphalt content, 

applying 75 blows per side. The optimal AC content was 

5.85%. 

The apparent specific gravity (Gmb) of the compacted 

mixtures, including air voids, averaged 2,402 g/cm³ with an 

air content of 5.85%. The maximum theoretical specific 

gravity (Rice test) yielded a value of 2,510 g/cm³ for the 

same percentage of air. 

The Marshall stability test, which assesses load 

resistance before failure, reached a maximum of 1,192 kg 

at a 4.5% CA load, but the optimal value selected at a 

5.85% CA load was 1,149 kg, which balanced other 

properties. The yield value, which indicates deformation 

under load, was 3.47 mm, reflecting adequate flexibility 

and stiffness. 

Air voids (Va) in the compacted mix were 4.28%, within 

the acceptable range of 3% to 5%. Voids in the mineral 

aggregate (VMA) reached 14.53%, exceeding the typical 

minimum of 14% for dense-graded mixes. Voids filled 

with asphalt (VFA) were 70.57%, within the recommended 

range of 65% to 75%. 

Table 2.  Physical and Durability Properties of Fine Aggregates Used in Hot Mix Asphalt Design 

Tests Standard Requirement Result Observation 

Sand Equivalent MTC E 114 60% min. 72% Complied 

Fine Aggregate Angularity MTC E 222 30% min. 44.10% Complied 

Methylene Blue AASHTO TP 57 8 max. 4.5 Complied 

Plasticity Index (No. 40 sieve) MTC E 111 N.P. N.P. Complied 

Durability (Magnesium Sulfate) MTC E 209 15% max. 4.02% Complied 

Durability Index MTC E 214 35% min. 62% Complied 

Plasticity Index (No. 200 sieve) MTC E 111 4 max. N.P. Complied 

Total Soluble Salts MTC E 219 0.5 max. 0.11% Complied 

Absorption (**) MTC E 206 0.5 max. 0.71% Complied 

Figure 2.  Marshall Method Mix Design Flowchart 
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Figure 3.  The study of hot pavement 

Table 3.  Mix design results 

No. OF HITS (BY FACE) 75 OPTIMUM 

CONTENT OF AC (%) 4.5% 5.0% 5.5% 6.0% 6.5% 5.85% 

DENSITY DRY BULK (g/cm3) 2.323 2.352 2.381 2.411 2.442 2.402 

MAXIMA DENSITY DRY - RICE (g/cm3) 2.559 2.544 2.519 2.500 2.481 2.510 

STABILITY (kg) 1192 1147 1121 1101 1083 1149 

FLUENCE (mm) 2.88 3.05 3.47 4.00 4.49 3.47 

POROSITY IN THE MIX 9.21 7.54 5.48 3.56 1.55 4.28 

POROSITY OF THE AGGREGATE MINERAL 16.15 15.56 14.97 14.35 13.70 14.53 

POROSITY FULL OF ASPHALT 43.0 51.5 63.4 75.2 88.7 70.57 

 

Table 4 summarizes the test results of three samples 

prepared [27] with the optimum CA of 5.85%, as required 

by the Laboratory Test Manual for Highways (MTC, 2016), 

which specifies a minimum of three samples per CA level. 

The last parameter in Table 4 was the Dust-to-Effective 

Asphalt Ratio, defined as the ratio of fines passing the 

0.0074 mm sieve to the effective asphalt content. The result 

was 1.05, within the recommended range of 0.6 to 1.2. This 

 

 

 

 

 

 

 

 

 

 

METHODOLOGY AND TESTS FOR HOT MIX ASPHALT WITH 

THE ADDITION OF CORN HULL ASH AND FIBERGLASS 

EXPERIMENTAL PROGRAM FOR HOT MIX ASPHALT 

(MARSHALL AASHTO T 245 Methodological Criteria) 

Briquette production with 1.5% fiberglass and 0.5%, 1.0%, 

1.5%, and 2.0% corn hull ash. 

Measure Flow Stability 

Density analysis – mixing voids 

 

 

 

 

 

 

 

 

 

EXPERIMENTAL PROGRAM FOR HOT MIX ASPHALT (Tests to 

determine mechanical behavior) 

EVALUATION, RESULTS AND CONCLUSIONS 

Marshall Stability and Flow Test 

 

Resistance to moisture-induced damage – Lottman Method 

 

Density analysis – mixing voids 
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confirmed that the mix design with 5.85% CA presented an 

adequate balance of fines to binder and was suitable for the 

incorporation of corn cob ash and 1.5% fiberglass. 

Using the Marshall test method, the conventional design 

of the hot asphalt mix was carried out, mixing 45% of 

coarse aggregates and 55% of fine aggregates, with an 

asphalt cement content of 4.5%, 5.0%, 5.5%, 6.0%, 6.5%. 

To determine the optimal amount of asphalt cement in 

the hot asphalt mix, 3 samples are considered. 

Table 4.  The optimal percentage of asphalt cement 

DESCRIPTION UND SAMPLE PROM 

TEST TUBE NUMBER No. 1 2 3  

CA BY WEIGHT OF THE MIXTURE % 5.85 5.85 5.85  

% OF CRUSHED GRAVEL BY WEIGHT OF THE MIXTURE % 40.73 40.73 40.73  

% OF COMBINED SAND BY WEIGHT OF THE MIXTURE % 53.42 53.42 53.42  

APPARENT SPECIFIC WEIGHT OF ASPHALT CEMENT gr/cc. 1.036 1.036 1.036  

BULK SPECIFIC WEIGHT OF CRUSHED GRAVEL gr/cc. 2.690 2.690 2.690  

APPARENT SPECIFIC WEIGHT OF CRUSHED GRAVEL gr/cc. 2.736 2.736 2.736 2.713 

BULK SPECIFIC WEIGHT OF COMBINED SAND gr/cc. 2.615 2.615 2.615  

APPARENT SPECIFIC WEIGHT OF COMBINED SAND gr/cc. 2.664 2.664 2.664 2.640 

WEIGHT OF THE TEST MEASUREMENT IN AIR gr. 1217.3 1228.7 1219.2 1217.30 

SATURATED TEST WEIGHT gr. 1218.9 1230.3 1220.6 1218.90 

WEIGHT OF THE TEST TUBE IN WATER gr. 712.0 718.7 713.4 712.00 

VOLUME OF THE TEST TUBE DC 506.9 511.6 507.2 506.90 

SPECIFIC WEIGHT OF THE SPECIFIC ... gr/cc. 2.401 2.402 2.404 2.402 

MAXIMUM SPECIFIC WEIGHT (RICE TEST) gr/cc. 2.510 2.510 2.510 2.510 

MAXIMUM THEORETICAL DENSITY100 gr/cc. 2.445 2.445 2.445  

% OF POROSITY % 4.31 4.30 4.22 4.28 

BULK SPECIFIC WEIGHT OF TOTAL AGGREGATE gr/cc. 2.647 2.647 2.647 2.647 

APPARENT SPECIFIC WEIGHT OF THE TOTAL AGGREGATE gr/cc. 2.695 2.695 2.695  

EFFECTIVE SPECIFIC WEIGHT OF THE TOTAL AGGREGATE gr/cc. 2.671 2.671 2.671 2.671 

CA ABSORBED BY THE WEIGHT OF DRY AGGREGATE % 0.35 0.35 0.35 0.35 

% OF THE VOLUME OF THE AGGREGATE / GROSS VOLUME 

OF THE TEST MEASUREMENT 

% 85.41 85.42 85.50  

% OF EFFECTIVE CA VOLUME / VOLUME OF TEST TUBE % 10.27 10.28 10.28  

% VOIDS IN MINERAL AGGREGATE % 14.59 14.58 14.50 14.56 

CA EFFECTIVE / MIXTURE WEIGHT % 5.52 5.52 5.52 5.52 

ASPHALT - VOIDS RATIO % 70.44 70.49 70.91 70.61 

UNCORRECTED STABILITY kg. 1121.6 1180.7 1056.8 1119.7 

STABILITY FACTOR  1.04 1.00 1.04  

STABILITY CORRECTED kg. 1166 1181 1099 1149 

READING THE FLEXIMETER in. 14 14 13 14 

FLUENCE mm. 3.56 3.56 3.30 3.47 

STABILITY/FLUENCE RELATIONSHIP kg/cm. 3280 3320 3329 3310 

DUST RATIO Tmax 0.0074mm/EFFECTIVE ASPHALT % 1.05 
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3. Results 

3.1. Conventional Hot Mix Asphalt Design 

Marshall Test 

Favorable results were obtained in the hot-mix asphalt 

mixture with 45% coarse aggregates and 55% fine 

aggregates. Therefore, the asphalt mixture design was 

carried out as indicated in Table 3, which indicates the 

optimal asphalt cement content of 5.85%. 

After the evaluation, it was determined that the optimal 

amount of asphalt cement in the hot asphalt mix is 5.8%, as 

indicated in Table 4. 

By obtaining the optimal amount of asphalt cement for 

the hot asphalt mix, corn cob ash is added in the 

percentages of 0.5%, 1.0%, 1.5% and 2.0% and fiberglass 

in 1.5%, as indicated in the results obtained in Table 5. 

3.2. Marshall Flow and Stability Test 

Influence of the addition of corn cob ash and fiberglass 

on the strength of hot-mix asphalt for greater 

durability. 

To obtain the strength of the asphalt mixture, an asphalt 

mix design process is carried out and according to the 

addition of corn cob ash and fiberglass, it will be evaluated 

whether this enhances the durability of the mix. 

In Figure 4, a 0.26% decrease in voids in the mixture is 

observed with the addition of 2.0% corn cob ash, reaching 

4.02%, compared to the standard sample (0% corn cob ash), 

which has 4.28% voids. This is because the fines in the corn 

cob ash contribute to its fine particle size. 

Table 5.  Mixture designs with the addition of corn cob ash and fiberglass 

No. OF HITS (BY FACE) 75 

CONTENT OF AC (%) 5.85% 

% OF ADDITION OF ASH OF CROWN 0.0% 0.5% 1.0% 1.5% 2.0% 

DENSITY DRY BULK (g/cm3) 2.402 2.405 2.406 2.407 2.409 

MAXIMA DENSITY DRY - RICE (g/cm3) 2.510 2.510 2.510 2.510 2.510 

STABILITY (kg) 1149 1172.5 1187.3 1195.8 1195.1 

FLUENCE (mm) 3.47 3.56 3.62 3.66 3.66 

POROSITY IN THE MIX 4.28 4.15 4.13 4.10 4.02 

POROSITY OF THE AGGREGATE MINERAL 14.53 14.88 15.31 15.74 16.12 

POROSITY FULL OF ASPHALT 70.57 72.10 73.00 73.90 75.10 

 

Figure 4.  Voids obtained from the briquette test 
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In Figure 5, an increase in the mineral aggregate voids 

of 1.59% of mineral aggregate voids is observed, when 

adding 2.0% of corn cob ash which reaches 16.12%, 

compared to the standard sample (0% corn cob ash) which 

presents 14.53% of mineral aggregate voids. This is 

because the fines of the corn cob ash have a greater 

absorption capacity than the stone aggregates in the 

mixture. 

Figure 6 shows the increase in the flow of the mixture 

from 0.19, having 3.47 in the standard sample and 

gradually increasing as the percentage of corn cob ash 

increases, reaching 3.66 when adding 1.5% of corn cob ash, 

reaching its maximum value of resistance to deformation 

under loads. 

In Figure 7, it can be confirmed that by adding corn cob 

ash, stability increases until reaching its maximum value of 

1195.67 Kg-f by adding 1.5% of corn cob ash, which shows 

that a maximum of 1.5% of this input could be used. 

In Figure 8, a progressive decrease can be observed as 

the percentage of corn cob ash increases, going from 

3309.67 Kg/cm (with 0% ash) to 3265.67 Kg/cm when 

incorporating 1.5% corn cob ash, reflecting that the 

incorporation of this input improves the flexibility of the 

mixture. 

 

Figure 5.  Voids in the mineral aggregate 

 

Figure 6.  Flow rates obtained from the briquette test 
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Figure 7.  Stability obtained from the briquette test 

 

Figure 8.  Stiffness index 

Figure 9 shows the influence generated by the 

incorporation of corn cob ash into the mix; increasing the 

percentage of voids filled with asphalt cement from 70.56 

(mixture without corn cob ash) to 75.07% by incorporating 

2% corn cob ash, indicating that the degree of absorption 

of fines in the ash increased this parameter by 4.51%. 

In this sense, according to the results obtained, it can be 

stated that the hot mix asphalt with the dosages of 1.5% 

corn cob ash and 1.5% fiberglass increases the structural 

resistance of the pavement in the city of Huancayo, thereby 

achieving greater stability compared to other mixtures with 

different proportions of corn cob ash; appreciating that 

stability and flow achieve better results with these 

percentages and the number of voids is within the required 

parameters; likewise, the stability/flow ratio (Rigidity) is 

reduced to the minimum, guaranteeing a flexible mixture, 

thus preventing cracks in the pavement due to excessive 

rigidity. 

According to the results obtained, the addition of corn 

cob ash and fiberglass increases the strength of hot asphalt, 

achieving greater durability in the city of Huancayo at all 

doses tested. The highest stability of 1,195.8 kg was 

achieved when applying 1.5% corn cob ash and 1.5% 

fiberglass. A decrease in strength was also observed with  

2% corn cob ash and 1.5% fiberglass. 
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Figure 9.  Voids filled with asphalt cement 

3.3. Resistance to Moisture Damage 

Resistance to moisture-induced damage – Lottman 

method of hot-mix asphalt with the addition of corn cob ash 

and fiberglass to obtain a mixture with less susceptibility to 

the effects of moisture over time. 

The asphalt mixture sample briquettes were prepared at 

variable compaction indicating the percentage of voids in 

the samples for the Lottman method, as shown in Table 6. 

Table 6.  % of briquette voids for Lottman 

  % POROSITY 

 No. Hits 10 25 50 75 

% ADDITION 

OF CROWN 

ASH 

0.0 % 9.27 7.78 5.92 4.24 

0.5 % 9.07 7.63 5.86 4.19 

1.0 % 9.02 7.64 5.88 4.12 

1.5 % 8.98 7.66 5.81 4.09 

2.0 % 8.89 7.43 5.74 4.02 

The percentage of voids for the Lottman method is given 

for saturated and dry, indicating the blows required on the 

faces of the briquettes to obtain them, as shown in Table 7. 

Table 7.  % Lottman Voids 

  No. Hits Saturated Group Dry Group 

% 

ADDITION 

OF 

CROWN 

ASH 

0.0 % 34 7.1 7.1 

0.5 % 33 7.2 7.1 

1.0 % 33 7.0 7.1 

1.5 % 33 7.1 7.1 

2.0 % 31 7.1 7.0 

For the Lottman design, the freezing process was carried 

out at -17°C for 17 hours. After the determined freezing 

time, it was subjected to a water bath at 60°C for 24 hours, 

obtaining the results of dry, wet and TSR resistance, as 

indicated in Table 8. 

Table 8.  Lottman Design 

  Saturation R. Humidity R. Dry TSR 

% 

ADDITION 

OF 

CROWN 

ASH 

0.0 % 111.3 5.39 6.42 84.0 

0.5 % 101.3 5.17 6.23 82.9 

1.0 % 114.8 5.12 6.20 82.5 

1.5 % 120.3 5.02 6.11 82.1 

2.0 % 119.0 4.88 6.03 81.0 

The condition obtained from the freezing process was    

-17°C for 17 hours and saturation at 24 hours. Water bath 

60ºC, obtained the results of a humidity resistance of: 

Figure 10 shows that the addition of corn cob ash and 

fiberglass reduces the resistance to moisture-induced 

damage of the hot mix asphalt in the city of Huancayo in 

all the dosages tested, causing the lowest moisture-induced 

damage of 5.39 kg/cm2 when applying 0% corn cob ash and 

1.5% fiberglass in the hot mix asphalt. 

To determine the resistance to moisture damage, the 

Lottman tensile test was performed, with the data obtained 

from the 24-hour saturation condition in a water bath at 

60ºC, then the tensile strength of the asphalt mixture was 

determined. 

In Figure 11, increasing the % of corn cob ash reduces 

the tensile strength. As can be seen in the graph, the mixture 

with 0% corn cob ash reaches 84% Tensile Strength, while 

increasing 2% of ash decreases it to 81%. This is related to 

the Stability and Stiffness results, which have a similar 

negative trend. 
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Figure 10.  Resistance to humidity at 60°C 

 

Figure 11.  Resistance to Relationship traction (TSR). 

Indirect tensile strength tests were conducted, and the 

results show that the addition of corn cob ash and fiberglass 

reduces the resistance to moisture-induced damage of hot-

mix asphalt in the city of Huancayo at all doses tested. The 

lowest moisture-induced damage was recorded at 5.39 

kg/cm² when applying 0% corn cob ash and 1.5% fiberglass. 

It is also worth noting that with 2% corn cob ash and 1.5% 

fiberglass, a decrease in its resistance to moisture-induced 

damage is observed. 

By incorporating corn cob ash and fiberglass, moisture 

resistance is slightly reduced. However, this increases the 

strength of the hot-mix asphalt, resulting in greater 

durability. This demonstrates the influence of test 

temperature on the behavior of corn cob ash and fiberglass 

with the asphalt mix, as both tests were conducted at 

different temperatures. 

3.4. Permanent Deformation 

Behavior of a hot asphalt mix with the addition of corn 

cob ash and fiberglass to measure rutting depth and 

number of passes to failure 

The Hamburg wheel test was performed at 50°C with 

20,000 passes to evaluate the deformation of the asphalt 
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mixture. The mixture had an asphalt content of 5.85% and 

a balanced aggregate composition. The test recorded a 

maximum rutting depth of 12.55 mm (Table 9). 

The Hamburg wheel test measures the deformation and 

wear of asphalt samples. Table 10 presents the percentage 

of voids and the corresponding deformation values for 

mixtures with different percentages of corn cob ash. As the 

ash content increases from 0% to 2%, porosity decreases 

from 4.28% to 4.02%, while deformation reduces from 5.9 

mm to 4.8 mm, indicating improved resistance to 

permanent deformation with higher ash content. 

In Figure 12, the addition of corn cob ash and fiberglass 

behaves favorably with respect to rutting depth and the 

number of passes of the hot asphalt mix in the city of 

Huancayo in all the dosages tested, achieving the lowest 

deformation of 4.8 mm when applying 2% corn cob ash and 

1.5% fiberglass in the hot asphalt mix. 

Table 9.  Hamburg wheel test data. 

Dosage of the mixture used Proportion of aggregates 

Asphalt content 5.85 Gravel <3/4” 45.00 

Coarse aggregate (%) 42.37 Crushed Sand <3/8” 55.00 

Fine Aggregate (%) 51.78   

Essay data 

Test temperature 50°C Maximum deformation 12.55 mm. 

Conditioning time 45 min. Wheel speed 52 strokes per minute 

Number of passes 20,000   

Table 10.  % of voids and deformation  

  % Porosity Deformation 

% ADDITION OF CROWN 

ASH 

0.0 % 4.28 5.9 

0.5 % 4.15 5.6 

1.0 % 4.13 5.2 

1.5 % 4.1 4.9 

2.0 % 4.02 4.8 

 

Figure 12.  Deformation (mm) 
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4. Discussion 

The results obtained in this study indicate that the 

addition of 1.5% corn cob ash and 1.5% glass fiber to hot 

mix asphalt significantly increases stability, reaching a 

maximum value of 1195.8 kg, suggesting an improvement 

in the structural strength of the pavement. This result is 

consistent with previous research demonstrating that the 

incorporation of fiber in hot mix asphalt (HMA) improves 

mechanical properties. For example, Slebi et al. [4] 

reported up to 30% improvement in fatigue resistance and 

a 20% reduction in permanent deformation by adding fibers, 

including coconut fibers and environmentally friendly 

waste. Likewise, Llacua et al. [15] observed a  25% 

increase in stability with the inclusion of 3% glass powder 

in asphalt mixtures, supporting the positive effect of glass-

related additives on mechanical performance. 

Unlike the risk of excessive stiffness reported in some 

studies with ground glass [4], the addition of corn cob ash 

in our study appears to contribute to a more flexible mix, 

which is crucial to reduce the risk of cracking. This is in 

line with the findings of Adrianzén et al. [18], who 

emphasize that fiber incorporation can improve pavement 

properties without causing detrimental increases in 

stiffness, thus prolonging service life in a cost-effective 

manner. 

Regarding resistance to moisture-induced damage, the 

lowest strength value (5.39 kg/cm²) was found in the 

mixture with 0% corn cob ash and 1.5% glass fiber, 

indicating that the absence of ash reduces durability against 

moisture. This observation is similar to that of Mardones et 

al. [8] and Velasquez and Villegas [9], who showed that 

synthetic fibers reduce moisture damage and rutting, but 

did not completely eliminate susceptibility to moisture-

related deterioration. The results suggest that the combined 

use of corn cob ash and glass fiber requires optimization to 

maximize moisture resistance, reflecting similar 

conclusions to Khaled et al. [12], who reported that certain 

glass fiber contents significantly improve resistance to 

moisture damage. 

Hamburg wheel tests showed a maximum deformation 

of 4.8 mm for the mixture with 2% corn cob ash and 1.5% 

glass fiber, indicating good resistance to permanent 

deformation. This is in agreement with Slebi et al. [4], who 

showed that the addition of fiber could reduce permanent 

deformation by approximately 20%. Furthermore, Oliveira 

and Farias [7] found that the use of recycled materials and 

fibers improved stiffness and mechanical performance, 

underscoring the effectiveness of combined additive 

strategies for durable pavements. 

5. Conclusions 

 The addition of corn cob ash and fiberglass has a 

positive impact on the strength of the hot asphalt mix, 

reaching a maximum stability of 1195.8 kg with an 

optimal dosage of 1.5% of each additive. This 

suggests that these additions can effectively increase 

the durability of asphalt mixes while maintaining 

stability and flow within required parameters, 

ensuring a flexible mix that prolongs the useful life of 

the pavement. 

 The results indicate that while the incorporation of 

corn cob ash and fiberglass improves structural 

strength, it can also increase susceptibility to moisture 

damage at certain proportions. The mixture with 0% 

corn cob ash and 1.5% fiberglass showed the lowest 

resistance to moisture-induced damage, highlighting 

the need to optimize the proportions of these additives 

to achieve a balance between durability and moisture 

resistance. 

 Research has shown that the asphalt mixture with 2% 

corn cob ash and 1.5% fiberglass exhibits favorable 

performance against permanent deformation, with a 

rutting depth of 4.8 mm. This suggests that the 

combination of these additives can effectively 

mitigate permanent deformation, which is crucial for 

pavement durability; however, further research is 

needed to find the optimal dosage that maximizes 

both flexibility and resistance to deformation. 

6. Future Research Directions 

The findings of this study open several avenues for 

future research aimed at further enhancing the mechanical 

performance of hot asphalt mixtures. The following 

directions are proposed: 

Optimization of Additive Proportions: Future studies 

should focus on systematically varying the proportions of 

corn cob ash and fiberglass beyond the tested ranges. This 

could help identify the optimal balance that maximizes 

both stability and moisture resistance, potentially leading 

to improved performance in diverse environmental 

conditions. 

Long-Term Durability Studies: Conducting long-term 

field studies to assess the performance of asphalt mixtures 

with corn cob ash and fiberglass over time would provide 

valuable insights into their durability and resistance to 

environmental factors such as temperature fluctuations and 

moisture infiltration. 

Comparative Analysis with Other Additives: 

Investigating the effects of other natural or synthetic 

additives in combination with corn cob ash and fiberglass 

could yield new formulations that enhance the mechanical 

properties of asphalt mixtures. This could include materials 

such as recycled plastics, rubber, or other agricultural by-

products. 

Impact of Climatic Conditions: Given the unique 

climatic conditions of Huancayo, future research should 

explore how variations in temperature, humidity, and 

precipitation affect the performance of asphalt mixtures 

with these additives. This could lead to tailored solutions 
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for specific geographic regions. 

Life Cycle Assessment: Conducting a life cycle 

assessment (LCA) of asphalt mixtures incorporating corn 

cob ash and fiberglass would provide a comprehensive 

understanding of their environmental impact compared to 

conventional asphalt mixtures. This could help promote 

sustainable practices in road construction. 

Mechanistic Modeling: Developing mechanistic 

models to predict the behavior of asphalt mixtures under 

various loading and environmental conditions could 

enhance the understanding of how these mixtures perform 

in real-world scenarios. This would aid in the design of 

more resilient pavements. 

Field Trials: Implementing pilot projects that utilize the 

optimized asphalt mixtures in actual road construction 

would provide practical insights into their performance 

and feasibility. Monitoring these projects over time would 

yield data on maintenance needs and overall effectiveness. 
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