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EFFECT OF ADDING CRUSHED GLASS
TO ASPHALT MIX

Y. ISSA!

The need to modify conventional pavement rises due to high maintenance cost of the highway systems. With the
continuously increased consumption, a large amount of waste glass materials is generated annually in the world.
This paper aims to study the performance of pavement asphalt in which a fractional aggregate is replaced with
crushed glass. In this paper, some important properties of asphalt mix, including stability, flow, specific gravity
and air voids are investigated. The original sample is prepared without adding glass for different percentages of
bitumen. Other samples are prepared by adding crushed glass to the mix with 5%, 10%, and 15% by aggregate
weight. The results show that the properties of glass—asphalt mixture are improved in comparison with normal

asphalt pavement. It is concluded that the use of waste glass in asphalt pavement is desirable.
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1. INTRODUCTION

Asphalt modification can be made at different stages of its usage, from binder production to asphalt
pavement production, and can be made by using different modifiers. Glass is considered a potentially
promising modifier to asphalt. Glass is a non-metallic and inorganic material [4]. Glass can be
recycled without changing its composition and properties. Glass industry has been part of human
history for thousands of years. Glass is widely used in our daily life, and with the continuously
increased consumption, a large amount of waste glass is generated annually. The best way to deal

with these wastes is to recycle and reuse them as raw materials or modifiers [1].
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Glass recycling can save energy and decrease environmental waste [8]. This paper study the
performance of pavement asphalt in which a fractional fine aggregate is replaced with windscreen
crushed glass. Since glass materials are brittle and rich in silicon, the strength and resistance to water
damage of glass-asphalt pavement is higher than ordinary asphalt [14]. In 2010, Waverley- Australia
constructs two sections of a road using crushed glass in pavement mixes [13]. The results of rutting
tests indicated that dynamic stability of samples with maximal glass particle size of 9.5 mm is lower
than the samples with maximal size of 4.75 mm [9]. At another study, examining Marshall Samples
containing different percentages of glass showed that the optimum percentage of glass that can be
used in the binder course is 7.5% of the weight of the aggregates [3]. In his review, Taher and others
observed that fatigue and rutting resistance of asphalt mixture could be enhanced considerably by
utilization of different types of additives [12]. Several studies showed that the stability declined with
the increase of glass replacement. But it can be improved by introducing hydrated lime or liquid anti-
stripping agent [11].

The same paving method used for conventional asphalt can be used for glass-asphalt in practical [7].
Greg found that the performance of the aggregate was not affected for percentages of crushed glass
up to 30% by mass of aggregate [6]. The results of Ghasemi and Marandi indicate that combination
of 3% rubber polymer plus 2% glass powder can improve mechanical properties of asphalt mixture
considerably [5]. Asphalt pavements containing 10—15% crushed glass in surface course mixtures
have been observed to perform satisfactorily [10]. Glass comes in many forms intended for different
products and applications. Glass has several types including: annealed, toughened, laminated,
tempered, coated, mirrored, and patterned glass. Cars windows usually manufactured from laminated
or tempered glass. Laminated glass is where two pieces of glass are attached to one another by a type
of transparent plastic. Most cars windscreens are made with laminated glass because it does not

shatter in sharp pieces and so does not harm the driver and passengers.

2. EXPERIMENTAL WORK

Various lab tests were conducted on aggregate including sieve analysis, specific gravity, and Los-
Angeles tests. Specific gravity test results are shown in Table 1 below. While the wear percentage of

aggregate after 500 revolutions in Los-Angeles test is 21.3%.
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Table (1): Specific Gravity and Absorption of Aggregate

Status Value
BULK SP. GRAVITY (DRY BASIS) 2.85
BULK SP. GRAVITY (SSD BASIS) 3.00
APPARENT SPECIFIC GRAVITY 3.34
ABSORPTION 5.15%

On the other hand penetration test was conducted on the used bitumen. And 70/80 bitumen
penetration grade was obtained. Properties of pure bitumen are shown in Table 2.

Table (2): Conventional Properties of Bitumen

Item Value
Penetration (0.1mm) 78.1
Softening point (2C) 52.3

Flashing point (2C) 291
Specific gravity 1.02

The original sample is prepared without adding the crushed glass for (4.5%, 5%, and 5.5% bitumen)

the weights in grams (gm) are shown in Table 3.

Table (3): Original Samples Preparation for Different Bitumen Percentage

AGG. SIZE | 4.75mm | 9.5mm | 12.5mm | BITUMEN | TOTAL |

% Weight I 28.2% | 47.4% | 18.9% | 5.5% | 100% |
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After that, waste car windscreen glass was crushed by a hammer, and glass particles with diameter
less than 4.75 mm were used in the experiments. Nine samples of crushed glass are prepared with
5%, 10%, and 15% by the weight of total aggregates to be (60, 120, and 180 gm) respectively. These

weights were replaced from the fine aggregates as shown in table 4.

Table (4): Fine Aggregate Weights at Different Glass/Bitumen Percentage

Glass% 0% 5% 10% 15% BITUMEN
The
Weight (gm) 340.0 280.0 220.0 160 4.5%
Weight (gm) 342.0 282.0 222.0 162 5%
Weight (gm) 338.2 278.2 218.2 158.2 5.5%

mixture of aggregate and glass is heated to a temperature of 135 °C before mixing with asphalt
bitumen. The mixture was then compacted at temperature of 160 + 5 °C. All samples were subjected

to 75 blows of compaction by Marshall Hammer on each side of specimen at temperature of 145 °C.

3. RESULTS AND DISCUSSION

The main objective of this paper was to study the change in asphalt mixture properties after adding
crushed glass from cars windshields. The tests were conducted using the standard Marshall
Apparatus. Stability, flow, specific gravity and air voids of the prepared samples were recorded. The
Marshall quotient (MQ, calculated as the ratio of stability to flow) may be used as a measure of the
material’s resistance to permanent deformation in service [15].

Results are shown in Table 5, and Fig. 1 and 2.
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Table (5): Stability and Flow Results

RESULTS | GLASS % BITUMEN% 4.5% | 5% | 5.5% |
Flow (mm) I | 2.8 I 2.8 I 32 |

MQ (KN/mm) | | 4.26 | 4.81 | 4.63 |

I I I

==5.50% ==5.00% ==h=4.50%

-1% 1% 3% 5% Gl7;/§s % 9% 11% 13% 15%

Fig. 1: Relation between stability and glass at different bitumen percentage
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Fig. 2: Relation between flow and glass at different bitumen percentage

Comparing the results of stability and flow for asphalt-glass mix with conventional mix showed that
there is an improvement at 10% glass especially at low bitumen percentage (less than 5%). For
example the stability at 4.5% bitumen at conventional mix is 11.92 while it is 13.65 at 10% asphalt-
glass mix; the improvement is about 15% which can be considered to be significant. Specific gravity
and air voids of the samples were measured. It was found that bulk specific gravity (Gmb) decreases
with the increase of glass percentage in the mix. Air voids in the samples decreases with the increase

of bitumen percentage. The average values of Marshall Test parameters with different glass

percentage were summarized in Table 6 below.

Table (6): Average Marshall Test Results

Type 0% Glass 5% Glass 10% Glass 15% Glass
Stability (KN) 13.40 12.66 13.92 13.07
Flow (mm) 2.93 2.8 2.87 2.73
Gmb 2.40 2.25 2.13 2.10
Air voids 4.74 4.53 4.30 4.16
MQ 4.57 4.52 4.85 4.79
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From above tables, it is appeared that the average stability increased with glass addition until the
maximum level (approximately 10% of glass) then it started to decrease. Average stability of asphalt
without glass is higher in comparison with the asphalt with 5%, and 20% glass, but lower than 10%.
The results showed that the stability and flow values increase with an increase in the bitumen content.
The average flow of asphalt without glass is higher in comparison with the glass-asphalt. Gmb

decreases with the increase of glass percentage. MQ is highest when 10% of glass is used in the mix.

Table (7) Typical Marshall Design Stability and Flow Criteria

Light Traffic § Medium Traffic || Heavy Traffic

(<104 ESALs) (104 — 106 ESALs) §(> 106 ESALs)
Mix Criteria

Min. | Max. Min. Max. Min. | Max.

Compaction: number of blows on each end of the sample 35 50 75
Stability (minimum) 2.27KN 3.40 KN 6.80 KN
Flow (0.25 mm) 8 20 8 18 8 16

(Asphalt Institute, 1997)

The above standards table (Table 7) indicated that minimum stability of Marshal Test at heavy traftic
(75blows) is 6.8 KN and flow between 2 to 4 mm [2]. All test values consistence with the

specifications limits.

4. CONCLUSION

In this research article, a number of bitumen and asphalt samples were examined on laboratory tests.
The conclusions are summarized as follows.
1. Crushed glass can be used in asphalt pavement with optimum replacement ratio of 10% by
weight of total aggregates.
2. The value stability and MQ for 10% glass modified mixture was higher than the control
mixture. Therefore, a significant improvement occurred in the Marshall properties of asphalt
concrete mixtures using a crushed glass modifier.

3. All test values are consistent with the specifications limits.
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The results of this study apply only to the specific gradation and the type of glass that was
used.

The results showed that the stability and flow values increase with an increase in the bitumen
content with or without glass.

Other resources of glass or gradations may produce different results.
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SKUTEK DODANIA KRUSZONEGO SZKLA DO MIESZANKI ASFALTOWEJ

Stowa kluczowe: Nawierzchnia, wydajnos¢ asfaltu, szklo kruszone, stabilno$¢ i kruszywo

STRESZCZENIE:

Potrzeba modyfikacji tradycyjnych chodnikéw narasta ze wzgledu na wysokie koszty utrzymania systeméw autostrad. Z
powodu stale rosnacej konsumpcji co roku generowana jest duza ilo$¢ odpadow szklanych. Niniejszy artykut ma na celu
zbadanie wydajno$ci nawierzchni asfaltowej, w ktorej kruszywo frakcyjne zastgpowane jest kruszonym szktem. Niniejszy
artykul bada niektore wazne whasciwosci mieszanki asfaltowej, w tym stabilno$¢, przeptyw, ciezar whasciwy i pustki
powietrzne. Oryginalna probka jest przygotowywana bez dodawania szkta dla réznych zawartosci procentowych asfaltu.
Pozostate probki sa przygotowywane przez dodanie kruszonego szkta do mieszanek o 5%, 10% i 15% wadze kruszywa.
Wyniki pokazuja, ze wlasciwosci mieszanki szklo-asfalt sa lepsze w poréwnaniu z normalnymi nawierzchniami
asfaltowymi. Stwierdzono, ze zastosowanie odpadow szklanych w nawierzchni asfaltowe;j jest pozadane.

Wyniki badania wykazaty, ze srednia stabilno$¢ wzrosta ze zawartoscig szkta do okoto 10% i zmniejszala si¢ przy wyzszej
zawartosci szkta. Przy niskiej zawartosci procentowej asfaltu $rednia stabilno$¢ asfaltu bez szkta jest niska w poréwnaniu
do asfaltu o 10% zawartosci szkta. Wyniki wykazaty, ze wartosci stabilnosci, przeplywu i cigzaru wlasciwego masy
wzrastaja wraz ze wzrostem zawartosci asfaltu. Sredni przeptyw asfaltu bez szkla jest wyzszy w poréwnaniu z asfaltem
zawierajacym szkto. Wskaznik MQ jest najwyzszy, gdy w mieszance uzyto 10% szkta. Wszystkie wartosci badan sa
spojne z limitami specyfikacji, w ktérych minimalna stabilno$¢ w tescie Marshalla przy duzym ruchu (75 uderzen) wynosi

6,8 KN, a przeptyw migdzy 2 a 4 mm.



