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ComparisonStudybetweenMarshallandSuperpaveMixDesignMethods

Abstract
 In Iraq most of the highways are paved with asphalt concrete mixtures, and they are typically designed 

for a design life of 20 years. However, the general performance of these pavements was not satisfied, and 

they have lasted for shorter periods than the design life age. A decrease in life age occurs especially for 

the pavements exposed to severe conditions and substantial traffic loadings. The key factor for a better 

performance of the flexible pavement is considered to be the qualities and quantities of the asphalt concrete 

ingredients which are governed by the design of the mixtures. To do so, the most common methods are 

Hveem and Marshal methods so far. However, a new method has been developed by Strategic Highway 

Research Program )SHRP( under the name of Superpave which is claimed to have better performance than 

the aforementioned methods. It has been proven in the literature that the performance of Superpave is 

better than Marshall in terms exposure to high loads and severe change of temperature. Therefore, this 

paper tries to illustrate the main differences between the two methods in the mix design by comparing them 

to each other.
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الخلاصة:
ة تصميميــة  ي العــراق ، يتــم رصــف معظــم ســطوح الطــرق الريعــة بخلطــات خرســانية إســفلتية ، عــادة يتــم تصميمهــا وإنشــائها لفــ�ت

�ن  

تبلــغ 20 عامًــا. مــع ذلــك ، الأداء العــام لهــذە الأرصفــة لــم يكــن راضيًــا وولا عــى المســتوى المطلــوب بــل خــارج و اقــل مــن التوقعــات. هــذا صحيــح 

ة. يعتــ�ب العامــل الرئيــیي لأداء أفضــل للرصيــف المــرن هــو  وينطبــق بشــكل خــاص عــى الأرصفــة المعرضــة لظــروف قاســية وأحمــال مروريــة كبــ�ێ

ي تهــدف إل تحديــد المكونــات بكمياتهــا المثى.للقيــام بذلــك ، فــإن أكــ�ڤ الطــرق  ي يحكمهــا تصميــم الخلطــات الــىت جــودة الخرســانة الإســفلتية الــىت

ي  اتيیب نامــج الاســ�ت شــيوعًا هیي طــرق  هفيــم و ومارشــال »Hveem و Marshal«  حــىت الآن. مــع ذلــك ، تــم تطويــر طريقــة جديــدة بواســطة ال�ب

لأبحــاث الطــرق الريعــة ) مختــصرة SHRP( تحــت اســم ســوبربيف« Superpave » والــذي يُزعــم أنــه يتمتــع بــأداء أفضــل مــن الطــرق المذكــورة 

ات بأن أداء طريقة سوبربيف  أفضل من أداء طريقة مارشال  من حيث التعرض لأحمال عالية وتغ�ێ حاد  ي الأدبيات  والمحاصرن
أعاە.  ثبت �ن

ي تصميــم الخلطــات مــن خــال مقارنتهمــا ببعضهــا 
ن �ن ن الطريقتــ�ێ ي درجــة الحــرارة. لذلــك ، تحــاول هــذە الورقــة توضيــح الاختافــات الرئيســية بــ�ێ

�ن

البعــض.

الكلماتالمفتاحية: نظام  سوبربيف ، نظام مارشال ، تصميم خلطة ، رصف الأسفلت.

پوختە:
بنیــاد نراوە،مــاوەی دیزیایــن وخزمــە�ت  ا بەتێکەڵــەی کۆنکرێــىت ئەســفەلىت  اقــدا زۆربــەی ڕووی چینــەکا�ن ڕێگاوبــا�ن خــ��ێ �ت ئ��ێ لــە وو�ڵ  

ن لە20ســاڵ. لەگــەڵ ئــەوەی ئاســىت خزمــەت بەخشــیىن ئــەم چینانــە لەئاســىت ڕەزامەنــدی و داخوازیــەکان نــەک  پێشکەشــکرد�ن ئــەم ڕێگایانــە بریتــ�ێ

اســتکراوەیە لەســەر ئەوڕووە چینانەی کە  ڕ
و لەدەرەوەی ئاســىت پێشــبیىن وچاوەروانیەکان بووە.  ئەم ڕاســتیە بەرجەستەوپش�ت نەبوە،بەڵکو کەم�ت

ڕووبەڕووی بارودۆخ و کەشوهەوای سەخت وباروقورسا�ي وبارستەی هاتوچۆی گەورە قورس بوونەتەوە.هۆکاری سەرەکی بۆبەبەدەستهینان 

ۆل  ، بریتیــە لــە جۆرایــە�ت تێکەڵــەی کۆنکریــىت ئەســفەلىت کــە لەلایــەن تێکەڵەســازی )ســازا�ن تیکەڵەکــە( کۆنــ�ت ن ین نەرمــە چــ�ێ ودابینکــرد�ن باشــ�ت

وتریــن ڕێــگا  . بــۆ ئــەم مەبەســتەش، تــا ئێســتا بەرب�ڵ دەکرێــت، کەئامانــج ومەبەســت لــى�ێ دیاریکــرد�ن پێکهێنــەرەکا�ن تێکەڵەکەیــە بەبــڕی نموونــە�ي

پ-  اکان   نــا�او بــە«  �ش اتییچ بۆتوێژینــەوەی ڕیــگا خــ��ێ ن لەڕێــگاکا�ن هەڤیــم ومارشــاڵ،لەگەڵ ئــەوەی بەهــۆی پرۆگــرامی ســ�ت تــەدا، بریتــ�ێ لــەم وو�ڵ

ە بــەراوورد  ي پەرەپێــداوە لەژێــر نــاوی »ســۆپەرپەیڤ« کەبانگەشــەدەکات ئــەم رێگایــە خــاوە�ن بەرجەســتە وبونیادێــی باشــ�ت
SHRP« ڕێگایــەکی نــو��

ســۆپەرپەیڤ  ڕێــگای  وڕۆ�ڵ  وجێگــ�ێ کــراوە کەخزمــەت  اســت  ڕ
پش�ت وئەدەبیات-نووســینەکانەوە  بانگەشــەکەران  لەلایــەن  پێشــوو.  بەڕێــگاکا�ن 

ە لەخزمــەت وئــادای ڕێــگای ماڕشــاڵ، بەتایبــەی کاتێــک چینــەکان ڕووبــەڕووی باروبارســتە وقورســا�ي بــەرزو گۆڕیــىن ناکاووکتوپــڕ  بۆچینــەکان باشــ�ت

وزۆری پلــەکا�ن گەرمادەبنــەوە. ئــەم توێژینەوەیــە هەوڵــدەدات جیــاوازی وجیاکارییــە  ســەرەکییەکا�ن نێــوان ئــەم دووڕێگاوســیتەمە ڕۆشــن وئاشــکرا 

ی. بــکات، لەچوارچێــوەی بــەراووردکاری نێــوان ســازا�ن تێکەڵــەکان و خــودی تێکەڵەکانیــان لەگــەڵ یەکــ�ت
وشەیکلیلی:سیستەمی سۆپەرپەیڤ،سیستەمی مارشاڵ،دیزایىن تیکەڵە، چیىن ئەسفەلىت
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1.Introduction
 The performance of flexible pavements is greatly affected by the quality of the asphalt binder. Typi-

cally, the flexible pavement roads are designed for a certain life span. For instance, a 20 year life spans is the 

average age of the designed and constructed roads in Iraq )Ahmed et al., 2020(. Unexpectedly, the actual age 

of the flexible pavement road in Iraq is frequently less than that of the design )Ahmed et al., 2020(. Most of 

the roads show signs of distress in their early ages. For instance, different crack patterns can be seen on the 

road surface of the most newly constructed roads in Iraq. The other types of defects can also be seen such 

as rutting, potholes, patching. There can be plenty of reasons to interpret these defects which range from at-

mospheric change to heavy applied loads after their usage )Zumrawi and Edrees, 2016(. Another factor which 

plays a major role in the deteriorations of the roads is the mix design before construction and the quality of 

execution at the time of construction.

Nowadays around the world a variety of asphalt mix design methods are used such as Asphalt Institute Tri-

axial, Marshall, Hubbard field, Superpave, and Hveem mix design methods. Marshall; Superpave; and Hveem 

mix design methods are practiced mostly )Bahia, 1993(. Among the design methods, Iraqi designers com-

monly follow Marshal method. One of the biggest problems related to the usage of Marshall method is that 

it only relies on the laboratory results to count for the properties of the constituents without actual simula-

tion of the road in its field conditions. Therefore, the prediction of how the materials behave in the actual 

environment would be a difficult task to achieve )Robert et al., 1991(. Having all different types of distresses 

in the flexible pavements in Iraq might be attributed to using Marshal method. A method that counts for the 

actual simulation and correlates it to the laboratory data is the Superpave method developed by Strategic 

Highway Research Program )SHRP( )Al-Mistarehi, 2014(.

The main difference between Marshall and Superpave method lies in the selection process of the materials, 

dimensions of the specimens, the method of compaction, analysis of voids and specification )Zumrawi and 

Edrees, 2016(. Many researchers worked on the adaptability of the Superpave method in the Middle East, for 

instance Asi and Khalayleh, )2014( investigated the efficiency of using Superpave method in tackling bleeding 

issue for some of the defected roads in Jordan. They found that using the gradation guidelines for selection 

of the aggregates in the Superpave could improve the performance of the pavement. They used the grada-

tion that is locally available in the selection of the aggregate for the mixes subjected to heavy traffic loads 

using Superpave method. In their results, they found out that using this gradation leads to the brittleness 

of the mix as the proportion of the filler is higher than that described and required in Superpave method. 

Therefore, they recommended using the gradation and other procedures described in Superpave method for 

better mix designs.

Other researchers have evaluated some mix properties using Marshall and Superpave methods. Jasim, )2012( 
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compared both Marshal and Superpave methods in terms of moisture exposure, mechanical, volumetric 

properties and economic aspects. It was found out that Superpave methods leads to an economical design 

by adapting fewer asphalt content in the mix design. In addition, Wang et al., )2000( compared the two main 

properties of volumetric and mechanical between Superpave and Marshall method in selecting Typical Tai-

wanese Mixture )TTM(. They discovered that TTM mixes designed using Superpave method had less binder 

content compared to that of Marshal method. Additionally, Hafez and Witczak, )1995( observed a total de-

crease of the asphalt binder content of 0.5 to 0.8 percent when using Superpave level 1 method over Mar-

shall method in the same climate condition and traffic loads. However, the asphalt contents in both methods 

were nearly the same when the traffic level was less than 1 x 107 single axle loads in Superpave mixes and 75 

blows in the Marshall method. They studied the climate effects in both methods and figured out a 1 percent 

increase in asphalt content in Superpave method was over than of Marshall method in cold weather. 

Other researchers worked on the effects of the method of design on rutting. Swami et al., )2004( found that 

a better compaction can be achieved using Superpave method and it leads to better mixes that can resist and 

prevent rutting. 

The main objective of this paper is to compare Marshall Mix design method and the Superpave mix design 

method in the preparation of asphalt mixtures.

2.Marshalmixdesignsystem
 This system was developed by Bruce Marshall, a bituminous engineer with the Mississippi highway 

department in 1939. The original features have been improved by the U.S. Army Corps of Engineers, and 

the test now is standardized and described in detail in the ASTM D1559)1989(. It is still widely used in many 

countries because the equipment is relative cheap and portable )Garber and Hoel, 2014(

The Marshall method criteria allows the highway engineer to choose an optimum asphalt binder content to 

be added to specific aggregate blend to a mix where the desired properties of density, flow and stability are 

met. The Marshall mix design method uses standard hot mix asphalt )HMA( samples which has dimensions of 

102 mm in diameter and 63.5 mm high. The procedures of preparation of the samples are carefully specified, 

and involve heating, mixing, and compacting asphalt/aggregate mixtures. Test specimens are compacted by 

applying 50 or 75 blows per side with the Marshall compaction hammer tool. The number of blows is esti-

mated by the expected traffic loading of the pavement section )Bahia, 1993(. When the Marshall specimens 

have been prepared, they are used to determine the average asphalt mix properties for each asphalt binder 

content. A density-voids analysis is used to determine the unit weight, air voids )AV(, voids in mineral aggre-

gate )VMA(, and percent voids filled with asphalt )VFA(. The Marshal test instrument is used to measure flow 

and stability of the samples. Flow is the amount of deformation that occurs when the specimen fails and sta-
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bility is defined as a value for the load under which the specimen fails. If a sample has a high flow and a low 

stability value, the mixture will tend to rut and deform under a load. If the sample has a low flow and a high 

stability value, the mix will tend to be brittle and crack under a load )U.S. Army Corps of Engineers, 1991(.

The optimum asphalt cement content is determined based on the combined results of Marshall stability and 

flow, density-void analysis. Plots of asphalt cement content versus measured values of Marshall stability, 

flow, unit weight, %VFA, %AV, and %VMA are generated. Optimum asphalt cement binder is selected cor-

responding to maximum stability, maximum unit weight and at 4% air voids. Then check this percentage of 

asphalt binder content to insure that it is within the allowable criteria for stability, flow, AV, VFA, and VMA, 

)U.S. Army Corps of Engineers, 1991(.

Marshall mixing design method has the following limitations pointed out by Pandey )2003(:

   *Despite the fact that the actual materials undergo a triaxial stress, this method is unconfined.

    *The main parameters of this method cannot be directly connected to the actual performance of the pave-

ment as it will be exposed to cracking and rutting.

     *The mixes that can be compacted easily under heavy traffic loads are not identified in this method

     *Because the application of the blows is in an impact form, it is not an actual representation to the filed 

loads.

2.1Marshallmixdesigntests
a( Aggregate: ASTM D75 )2014( is used as the main guidance in taking the aggregate samples from the 

stockpiles or from the quarry and ASTM C702 )2015( is used as a guidance in preparing the samples. Then 

the testing relies on ASTM C136 )2014( for both coarse and fine aggregate gradations which specifies the 

particle size distribution of the samples which is usually carried out by sieving. To carry out sieving several 

instruments are needed such as a scale balance, sieve set according to ASTM C136 )2014(, shaker machine, 

and the samples. The samples are weighed and then put on the top sieve. Finally, the whole sieve set is put 

on the shaking machine for nearly 10 minutes. In this way, the gradation of the aggregates can be found. 

After gradation of the samples, the specific gravity and absorption should be determined for coarse and fine 

aggregates in accordance with ASTM C127 )2015( and ASTM C128 )2015( respectively.

b( Mixing asphalt with aggregate: A quantity of the aggregates having the designed gradation is dried 

at a temperature between 105ºC and 110ºC until a constant weight is obtained. The mixing temperature 

for this procedure is set as the temperature that will produce a kinematic viscosity of 170±20 centistokes, 

or a Saybolt Furol viscosity of 85±10 seconds, in the asphalt. The compacting temperature is that which will 

produce a kinematic viscosity of 280±30 centistokes, or a Saybolt Furol viscosity of 160±15 seconds. These 

temperatures are determined and recorded. Put the asphalt binder in an oven for )2 hr.(, then put aggregate 
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mixture in container, and make check if the aggregate to be with compliance to specifications then heated 

to )110º(, after that add the asphalt to aggregate in a pan and mixed through until all aggregate mixed with 

asphalt.

c( Compaction: For compaction process special molds are required to be filled with the asphalt aggre-

gate mixture and then compacted. To prevent the materials from attaching to the mold sides, the mold will 

be coated with oil. Then, the compaction tools will be prepared and the mold will be put in beneath the com-

paction hammer in its right position. A filter paper is needed at the bottom of the mold and at the top after 

filling it with the mixture. The number of blows applied to the specimen varies between 35, 50, and 75 blows 

based on the design category. The blows are carried out by freely falling a hammer from 450 mm height. The 

compaction has to be carried out for both of the faces. After completion of the first face, the specimen will 

be turned to the other face and compacted using the same procedure. After finishing the compaction, the 

specimen will be tested for flowability and stability. Before working on finding stability and flow, it is cooled 

down and the bulk specific gravity should be found using Equation )1( as given by Garber and Hoel )2014(.

Where Wa is a weight of the sample in air and Ww is a weight of the sample in water

d( Stability and Flow test: In conducting the stability test, the specimen is immersed in a bath of water 

at a temperature of 60±1ºC for a period of 30 to 40 minutes. It is then placed in the Marsh stability testing 

machine, and loaded at a constant rate of deformation of 5 mm per minute until failure occurs. The total 

load N in pounds that causes failure of the specimen at 60 ̊)140F( is noted as the Marshall stability value of 

the specimen. The total amount of deformation in units of 0.01 in. that occurs up to the point the load starts 

decreasing is recorded as the flow value. The total time between removing the specimen from the bath and 

completion of the test should not exceed 30 seconds )Garber and Hoel, 2014(.

2.2AnalysisofresultsfromMarshallTest.
 Finding the average bulk specific gravity is considered to be the first step of the analysis which should 

be carried out for all the samples which have the same asphalt content. Then, the average density of each 

mix can be calculated by multiplying the specific gravity of water with the obtained average specific graving 

of the mix. Next, all the achieved data are plot in graph represented by a best fit curve which represents the 

𝐺𝐺𝑚𝑚𝑚𝑚 = ( 𝑊𝑊𝑊𝑊
𝑊𝑊𝑊𝑊 − 𝑊𝑊𝑊𝑊)                                                                   (1) 
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relationship between the density with rate of asphalt. To compute the percent of air voids, the percent voids 

in the mineral aggregate, and the absorbed asphalt in pounds of the dry aggregate, it is first necessary to 

compute the aggregate mixture’s bulk specific gravity of by using Equation )2( )Garber and Hoel, 2014(.

Where; 

Pca, Pfa, and Pmf = percent by weight of coarse aggregate, fine aggregate, and mineral filler, respectively, in 

the mixture. 

Gbca, Gbfa, and Gbmf = bulk specific gravities of coarse aggregate, fine aggregate, and mineral filler, respec-

tively.

Finding the apparent specific gravity of the aggregate mixture by applying Equation )3( )Garber and Hoel, 

2014(.

Where;

Pca, Pfa, and Pmf = percent by weight of coarse aggregate, fine aggregate, and mineral filler, respectively, in 

the paving mixture, Gaca, Gafa, and Gamf = apparent specific gravities of coarse aggregate, fine aggregate, 

and mineral filler, respectively.

After that determine the effective specific gravity of the aggregate mixture by using Equation )4( )Garber and 

Hoel, 2014(.

Where; 

Gmm = maximum specific gravity of paving mixture, Pb = asphalt percent by total weight of paving mixture, 

Gb = specific gravity of the asphalt.

In addition, the calculation of the maximum specific gravity of the paving mixtures for different asphalt con-

tents is required and it could be found out by using Equation )5( )Garber and Hoel, 2014(.

𝐺𝐺𝑠𝑠𝑠𝑠 = ( 𝑃𝑃𝑐𝑐𝑐𝑐 + 𝑃𝑃𝑓𝑓𝑐𝑐 + 𝑃𝑃𝑚𝑚𝑓𝑓

( 𝑃𝑃𝑐𝑐𝑐𝑐
𝐺𝐺𝑠𝑠𝑐𝑐𝑐𝑐) + ( 𝑃𝑃𝑓𝑓𝑐𝑐

𝐺𝐺𝑠𝑠𝑓𝑓𝑐𝑐) + ( 𝑃𝑃𝑚𝑚𝑓𝑓
𝐺𝐺𝑠𝑠𝑚𝑚𝑓𝑓)

  )                                                                 (2) 

𝐺𝐺𝑠𝑠𝑠𝑠 = ( 100 − 𝑃𝑃𝑏𝑏
( 100

𝐺𝐺𝑚𝑚𝑚𝑚) − (𝑃𝑃𝑏𝑏
𝐺𝐺𝑏𝑏)

  )                                                                 (4) 

𝐺𝐺𝑎𝑎𝑠𝑠𝑏𝑏 = ( 𝑃𝑃𝑐𝑐𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑎𝑎 + 𝑃𝑃𝑚𝑚𝑓𝑓

( 𝑃𝑃𝑐𝑐𝑎𝑎
𝐺𝐺𝑎𝑎𝑐𝑐𝑎𝑎) + ( 𝑃𝑃𝑓𝑓𝑎𝑎

𝐺𝐺𝑎𝑎𝑓𝑓𝑎𝑎) + ( 𝑃𝑃𝑚𝑚𝑓𝑓
𝐺𝐺𝑎𝑎𝑚𝑚𝑓𝑓)

  )                                                                 (3)

 

𝐺𝐺𝑚𝑚𝑚𝑚 = ( 100
( 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑠𝑠 + 𝑃𝑃𝑠𝑠

𝐺𝐺𝑠𝑠)
  )                                                                 (5) 

 

 

𝑃𝑃𝑏𝑏𝑎𝑎 = (100 𝐺𝐺𝑏𝑏 (𝐺𝐺𝑠𝑠𝑠𝑠 − 𝐺𝐺𝑠𝑠𝑏𝑏)
(𝐺𝐺𝑠𝑠𝑏𝑏 ∗ 𝐺𝐺𝑠𝑠𝑠𝑠)   )                                                                 (6) 

 

𝑃𝑃𝑏𝑏𝑠𝑠 = (𝑃𝑃𝑏𝑏 − (𝑃𝑃𝑏𝑏𝑎𝑎
100) ∗ 𝑃𝑃𝑠𝑠 )                                                                 (7) 

𝑉𝑉𝑉𝑉𝑉𝑉 = (100 − (𝐺𝐺𝑚𝑚𝑏𝑏 ∗ 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑏𝑏 ))                                                                 (8) 

𝑃𝑃𝑎𝑎 = (100 − (𝐺𝐺𝑚𝑚𝑚𝑚 ∗ 𝐺𝐺𝑚𝑚𝑏𝑏
𝐺𝐺𝑚𝑚𝑚𝑚 ))                                                                 (9) 

 

𝐺𝐺𝑠𝑠𝑠𝑠 = ( 100 − 𝑃𝑃𝑏𝑏
( 100

𝐺𝐺𝑚𝑚𝑚𝑚) − (𝑃𝑃𝑏𝑏
𝐺𝐺𝑏𝑏)

  )                                                                 (4) 

𝐺𝐺𝑎𝑎𝑠𝑠𝑏𝑏 = ( 𝑃𝑃𝑐𝑐𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑎𝑎 + 𝑃𝑃𝑚𝑚𝑓𝑓

( 𝑃𝑃𝑐𝑐𝑎𝑎
𝐺𝐺𝑎𝑎𝑐𝑐𝑎𝑎) + ( 𝑃𝑃𝑓𝑓𝑎𝑎

𝐺𝐺𝑎𝑎𝑓𝑓𝑎𝑎) + ( 𝑃𝑃𝑚𝑚𝑓𝑓
𝐺𝐺𝑎𝑎𝑚𝑚𝑓𝑓)

  )                                                                 (3)
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( 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑠𝑠 + 𝑃𝑃𝑠𝑠

𝐺𝐺𝑠𝑠)
  )                                                                 (5) 

 

 

𝑃𝑃𝑏𝑏𝑎𝑎 = (100 𝐺𝐺𝑏𝑏 (𝐺𝐺𝑠𝑠𝑠𝑠 − 𝐺𝐺𝑠𝑠𝑏𝑏)
(𝐺𝐺𝑠𝑠𝑏𝑏 ∗ 𝐺𝐺𝑠𝑠𝑠𝑠)   )                                                                 (6) 

 

𝑃𝑃𝑏𝑏𝑠𝑠 = (𝑃𝑃𝑏𝑏 − (𝑃𝑃𝑏𝑏𝑎𝑎
100) ∗ 𝑃𝑃𝑠𝑠 )                                                                 (7) 

𝑉𝑉𝑉𝑉𝑉𝑉 = (100 − (𝐺𝐺𝑚𝑚𝑏𝑏 ∗ 𝑃𝑃𝑠𝑠
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𝐺𝐺𝑚𝑚𝑚𝑚 ))                                                                 (9) 
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Where;

Ps = percent by weight of aggregates in paving mixture, Pb = percent by weight of asphalt in paving mixture, 

Gse = an effective specific gravity of the aggregates. 

Using the following formula which is given by Garber and Hoel )2014(, the effective asphalt content, the as-

phalt absorption, the percent voids in mineral aggregates )VMA(, and the percent air voids in the compacted 

mixture can be found after finding all the specific gravities:

Where:

Pba = amount of asphalt absorbed as a percentage of the total weight of aggregates, Gse = effective specific 

gravity of the aggregates, Gsb = bulk specific gravity of the aggregates, Gb = specific gravity of asphalt. 

Where;

Pbe = effective asphalt content in paving mixture )percent by weight(, Pb = percent by weight of asphalt in 

paving mixture, Ps = aggregate percent by weight of paving mixture, Pba = amount of asphalt absorbed as a 

percentage of the total weight of aggregates.

Where;

VMA = percent voids in compacted mineral aggregates )percent of bulk volume(, Gmb = bulk specific gravity 

of compacted mixture, Gsb = bulk specific gravity of aggregate, Ps = aggregate percent by weight of total 

paving mixture.

𝐺𝐺𝑠𝑠𝑠𝑠 = ( 100 − 𝑃𝑃𝑏𝑏
( 100

𝐺𝐺𝑚𝑚𝑚𝑚) − (𝑃𝑃𝑏𝑏
𝐺𝐺𝑏𝑏)

  )                                                                 (4) 

𝐺𝐺𝑎𝑎𝑠𝑠𝑏𝑏 = ( 𝑃𝑃𝑐𝑐𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑎𝑎 + 𝑃𝑃𝑚𝑚𝑓𝑓

( 𝑃𝑃𝑐𝑐𝑎𝑎
𝐺𝐺𝑎𝑎𝑐𝑐𝑎𝑎) + ( 𝑃𝑃𝑓𝑓𝑎𝑎

𝐺𝐺𝑎𝑎𝑓𝑓𝑎𝑎) + ( 𝑃𝑃𝑚𝑚𝑓𝑓
𝐺𝐺𝑎𝑎𝑚𝑚𝑓𝑓)

  )                                                                 (3)

 

𝐺𝐺𝑚𝑚𝑚𝑚 = ( 100
( 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑠𝑠 + 𝑃𝑃𝑠𝑠

𝐺𝐺𝑠𝑠)
  )                                                                 (5) 

 

 

𝑃𝑃𝑏𝑏𝑎𝑎 = (100 𝐺𝐺𝑏𝑏 (𝐺𝐺𝑠𝑠𝑠𝑠 − 𝐺𝐺𝑠𝑠𝑏𝑏)
(𝐺𝐺𝑠𝑠𝑏𝑏 ∗ 𝐺𝐺𝑠𝑠𝑠𝑠)   )                                                                 (6) 

 

𝑃𝑃𝑏𝑏𝑠𝑠 = (𝑃𝑃𝑏𝑏 − (𝑃𝑃𝑏𝑏𝑎𝑎
100) ∗ 𝑃𝑃𝑠𝑠 )                                                                 (7) 

𝑉𝑉𝑉𝑉𝑉𝑉 = (100 − (𝐺𝐺𝑚𝑚𝑏𝑏 ∗ 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑏𝑏 ))                                                                 (8) 

𝑃𝑃𝑎𝑎 = (100 − (𝐺𝐺𝑚𝑚𝑚𝑚 ∗ 𝐺𝐺𝑚𝑚𝑏𝑏
𝐺𝐺𝑚𝑚𝑚𝑚 ))                                                                 (9) 

 

𝐺𝐺𝑠𝑠𝑠𝑠 = ( 100 − 𝑃𝑃𝑏𝑏
( 100
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( 𝑃𝑃𝑐𝑐𝑎𝑎
𝐺𝐺𝑎𝑎𝑐𝑐𝑎𝑎) + ( 𝑃𝑃𝑓𝑓𝑎𝑎

𝐺𝐺𝑎𝑎𝑓𝑓𝑎𝑎) + ( 𝑃𝑃𝑚𝑚𝑓𝑓
𝐺𝐺𝑎𝑎𝑚𝑚𝑓𝑓)

  )                                                                 (3)

 

𝐺𝐺𝑚𝑚𝑚𝑚 = ( 100
( 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑠𝑠 + 𝑃𝑃𝑠𝑠

𝐺𝐺𝑠𝑠)
  )                                                                 (5) 

 

 

𝑃𝑃𝑏𝑏𝑎𝑎 = (100 𝐺𝐺𝑏𝑏 (𝐺𝐺𝑠𝑠𝑠𝑠 − 𝐺𝐺𝑠𝑠𝑏𝑏)
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𝑃𝑃𝑏𝑏𝑠𝑠 = (𝑃𝑃𝑏𝑏 − (𝑃𝑃𝑏𝑏𝑎𝑎
100) ∗ 𝑃𝑃𝑠𝑠 )                                                                 (7) 
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( 100

𝐺𝐺𝑚𝑚𝑚𝑚) − (𝑃𝑃𝑏𝑏
𝐺𝐺𝑏𝑏)

  )                                                                 (4) 

𝐺𝐺𝑎𝑎𝑠𝑠𝑏𝑏 = ( 𝑃𝑃𝑐𝑐𝑎𝑎 + 𝑃𝑃𝑓𝑓𝑎𝑎 + 𝑃𝑃𝑚𝑚𝑓𝑓

( 𝑃𝑃𝑐𝑐𝑎𝑎
𝐺𝐺𝑎𝑎𝑐𝑐𝑎𝑎) + ( 𝑃𝑃𝑓𝑓𝑎𝑎
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𝑃𝑃𝑏𝑏𝑠𝑠 = (𝑃𝑃𝑏𝑏 − (𝑃𝑃𝑏𝑏𝑎𝑎
100) ∗ 𝑃𝑃𝑠𝑠 )                                                                 (7) 

𝑉𝑉𝑉𝑉𝑉𝑉 = (100 − (𝐺𝐺𝑚𝑚𝑏𝑏 ∗ 𝑃𝑃𝑠𝑠
𝐺𝐺𝑠𝑠𝑏𝑏 ))                                                                 (8) 

𝑃𝑃𝑎𝑎 = (100 − (𝐺𝐺𝑚𝑚𝑚𝑚 ∗ 𝐺𝐺𝑚𝑚𝑏𝑏
𝐺𝐺𝑚𝑚𝑚𝑚 ))                                                                 (9) 
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Where;

Pa = percent air voids in compacted paving mixture, Gmm = maximum specific gravity of the compacted pav-

ing mixture, Gmb = bulk specific gravity of the compacted paving mixture.

Finally four additional separate smooth curves are drawn: percent voids in total mix versus percent of as-

phalt, percent voids in mineral aggregate versus percent of asphalt, Marshall stability versus percent of as-

phalt, and flow versus percent of asphalt. These graphs are used to select the asphalt binder contents for 

maximum stability, maximum unit weight, and percent voids in the total mix within the limits specified. The 

average of the asphalt binder contents is the optimum asphalt content. The stability and flow for this opti-

mum asphalt content then can be obtained from the appropriate graphs to determine whether the required 

criteria are met.

3.Superpavemixdesignsystem
 Superpave is usually referred to as Superior Performing Asphalt Pavements. Strategic Highway Re-

search Program )SHRP( developed this method in the early of 1990s and the improvement on this method 

continues to this day. The main purpose of this method was to carry out improvements on the previous Hot 

Mix Asphalt )HMA( design methods. The method has some objectives which can be summarized as: )1( it 

tries to combine the effects of traffic loads with climate condition effects, )2( it tries to change the method 

of selection and evaluation of asphalt and aggregates, )3( it tries to change the mix design approach to a 

better volumetric method )SHRP, 1996(. It is a performance-based plan that has a direct relationship with 

the analysis and tests which make it stand out amongst the methods of design. Like other methods it has its 

own specification method based on which the amount of aggregate and asphalt binder will be selected. For 

compaction, it has a gyratory compactor where the materials will be compacted before testing. U.S Corps 

of Engineers developed the machine and called it )GTM( which stands for Gyratory Testing Machine. The 

machine is an imitation of actual rollers that compacts asphalt pavement during construction, so it relying 

on kneading rather than an impact as the case in Marshall method. The GTM simulates the pressure of the 

trucks in terms of the tire pressure, 300 revolutions and the angle of gyration. The GTM pressure is 8.2 kg/

cm2. The same real field ultimate density can be achieved in the laboratory.

Despite the fact that researchers of Strategic Highway Research Program )SHRP( proved that Marshall meth-

od has worked flawlessly for many years. Nevertheless, improvement in the design methods is inevitable 

because the axle loads are getting heavier and the traffic growth is nearly out of control. Superpave was 

developed to fill out these needs. The SHRP researches planned a Superpave mix design technique to be 

carried out at three different levels. The first level is to compute the mix sizes using volumetric analysis. 

Second level is unachieved level as it requires complicated tools therefore, it has not been applied. The third 

level is a continuous process of purifying Superpave regarding many aspects and variables such as the effects 
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of aggregate size, type and gradation will be limited on the mixture and linking the available data with the 

performance of asphalt pavement. The method starts with assessment of aggregate characteristics which 

it is identified as either source or consensus characteristics.  Sourcing property is usually defined by the 

agency from where the materials are bought. While guarantee that the aggregate used in the mix performs 

accordingly, Superpave researchers identified consensus characteristics )McLeod, 1956(. Table 3.1 shows the 

source characteristics for Superpave which is the basic necessities of Marshall defined by The West Virginia 

Department of Transportation )WVDT(. In the Table 3.1 there is an exception where the elongated and flat 

characteristic is processed as a consensus property. Table 3.2 shows requirements for aggregate properties. 

Also, it worth mentioning that measuring mechanical properties of the asphalt concrete is also considered by 

some of the researchers )Cominsky et al., 1994(.

Table 3.1: WVDT aggregate requirements for the Marshall Mix design method )McGennis et al., 1995(.

Coarse Aggregate

Gravel and Crushed stone Clean hard durable rock free from adherent coatings

Thin or elongated particles (4:1) ratio 5% max.

Shale 1% max.

Coal and other lightweight materials 1.5% max.

Friable particles 0.25 max.

Percent water ( LA abrasion) 40% max.

Soundness 12% max.

Additional gravel and crushed particle requirements

Bituminous Base I Min 80% one fractured face

All other asphalt concrete Min 80% two fractured face

Fine Aggregate

Must met requirements of ASTM D 1073, except gradation
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Table 3.2: Superpave consensus aggregate properties )McGennis et al., 1995(.

3.1SuperpaveTests
a( Coarse Aggregate Angularity )CAA(: Coarse aggregate angularity is measured by the percent weight 

of aggregates with one and more than one fractured face. The test is applied on materials retained on the 

sieve )4.75( mm. This is slightly different than the WVDT Marshall requirements that indicated the mini-

mum percent of material with two fractured faces )McLeod, 1956(.

b( Fine Aggregate Angularity )FAA(: AASHTO T304 )2010( is used for evaluation of the specimen which 

counts for the void content and uncompacted samples. The test is performed after sieving and only the 

parts that passed )2.36( mm sieve will be taken to this test. The texture and angularity of the fine aggre-

gates can be guaranteed using this test which was present before the Superpave method. However, the test 

was not regarded as necessary in the previous design methods )McLeod, 1956(.

c( Sand Equivalency Test )SE(: The sand equivalency test is applied to evaluate the clay content of ma-

terials passing the )4.75( mm sieve. This test was implemented by some states prior to Superpave, but it is 

a new requirement for the WVDT )McLeod, 1956(.

d( Flat and Elongated Particles Test: It is conducted according to the test method outlined in ASTM 

D4791 )2019(. The particle is considered a flat and elongated particle if the ratio of the maximum to mini-

mum dimension of the particle is )5:1( or more. Coarse aggregate flat and elongated is determined by the 

percent mass of aggregates whose ratio of longest dimension to smallest dimension is greater than )5(. Su-

perpave allows the amount of flat and elongated particles to less than )10%(. The WVDOH Marshall specifi-

cation limits flat and elongated particles to )5%( based on a )4:1( ratio. As a result coarse and fine aggregate 

angularity, elongated particles, and sand equivalency affect pavement resistance to permanent deforma-

tion, fatigue and low-temperature cracking, and also affect production and laydown )McLeod, 1956(. Table 

3.3 shows criteria for Superpave system.

Mineral Filler 

Must met requirements of ASTM D 242 except for gradation and must be free of harmful organic compounds

Design Level Coarse Aggregate Angu-

larity 

Fine Aggregate Angularity Sand Equivalency Flat and Elongated 

Light Traffic (%min.) (% min.) (% min.) (% min.)

Medium Traffic 55% - 40% -

Heavy Traffic 75% 40% 40% 10%
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Table 3.3: Criteria of Superpave System )McGennis et al., 1994(

e( Aggregate gradation: The aggregate gradation tests are explained in detail in the AASTHO T11 

)2010( and AASHTO T27 )2010(. Table 3.4 shows all the gradation requirements that need to be met in mix-

ing the coarse and fine aggregate. 

Table 3.4: Aggregate gradation for Superpave System )McLeod, 1956(. 

ESAL CAA FAA SE F & E

< 100 >100 < 100 >100

< 0.3 55/- -/- - - 40

10 %

0.3 - < 3 75/- 50/- 40 40 40

3 - < 10 85/80 60/- 45 40 45

10 - < 30 95/90 80/75 45 40 45

>30 100 100 45 45 50

Sieve Size

( mm)

Superpave Mixture ( percent Passing)

SP-9.5 

Nominal Size (A)

SP-12.5 

Nominal Size (B)

SP-19.0 

Nominal Size (C)

Gradation 

Max.

Min. Max. Min. Max. Min. Max.

25.0 - - - - 100 -

19.0 - - 100 - 90 100

12.5 100 - 90 100 - 90

9.5 90 100 - 90 - -

4.75 - 90 - - - -

2.36 32 67 28 58 23 49

0.075 2 8 2 8 2 7
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The modifications of Superpave gradation appears to be minor when compared to that of the Marshall 

necessity, however, the attempt in Superpave gradation method is to limit the quantity of the fine aggre-

gate )Al-Khateeb et al., 2017(. The restriction starts as in the area on the FHWA’s 0.45 power chart where 

that certain sizes are not allowed to pass in Superpave method. If the materials pass this restricted zone, 

then the pavement is prone to deformations and tenderness )Al-Khateeb et al., 2017(. This restriction zone 

is recommended in Superpave method and not specified )Kandhal and Cooley, 2001(. Table 3.5 presents the 

gradation requirement of )9.5, 12.5, and 19.5( mm nominal aggregate sizes.

Table 3.5: Recommended Aggregate gradation Restricted zone )McLeod, 1956(.

In the Superpave process both the consensus and gradation aggregate characteristics are required. For the 

amount of asphalt in the mixes, their initial amounts are estimated using the procedure below: 

Firstly, finding the effective specific gravity of the aggregates )Gse( by applying Equation )10(.

Gse=)Gsb+0.8 )Gsa-Gsb((                                                                  )10(

Where;

Gsa = apparent specific gravity of aggregate blend, Gsb = bulk specific gravity of aggregate blend.

Secondly, finding the volume of absorbed binder )Vba( by using Equation )11(.

Sieve Size Boundaries of Restricted Zone Superpave Mixture (% Passing)

SP-9.5 

Nominal Size

SP-12.5 

Nominal Size (B)

SP-19.0 

Nominal Size

Gradation 

Max.

Min. Max. Min. Max. Min. Max.

mm Min. Max. Min. Max. Min. Max.

2.36 47.2 47.2 39.1 39.1 34.6 34.6

1.18 31.6 36.6 25.6 31.6 22.3 28.3

0.60 23.5 27.5 19.1 23.1 16.7 20.7

0.30 18.7 18.7 15.5 15.5 13.7 13.7

𝑉𝑉𝑉𝑉𝑉𝑉 = ( 𝑃𝑃𝑃𝑃 (1 − 𝑉𝑉𝑉𝑉)
(𝑃𝑃𝑉𝑉

𝐺𝐺𝑉𝑉 + 𝑃𝑃𝑃𝑃
𝐺𝐺𝑃𝑃𝐺𝐺) ∗ ( 1

𝐺𝐺𝑃𝑃𝑉𝑉 − 1
𝐺𝐺𝑃𝑃𝐺𝐺)

)                                                                 (11) 

𝑃𝑃𝑉𝑉𝑃𝑃 = 100 (𝐺𝐺𝑉𝑉 (𝑉𝑉𝑉𝑉𝐺𝐺 + 𝑉𝑉𝑉𝑉𝑉𝑉)
𝐺𝐺𝑉𝑉  (𝑉𝑉𝑉𝑉𝐺𝐺 + 𝑉𝑉𝑉𝑉𝑉𝑉) + 𝑊𝑊𝑃𝑃)                                                                 (11) 
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Where;

Ps = percent of aggregate, Va = volume of air voids, Pb= percent of binder, Gb= specific gravity of binder

Thirdly, finding the volume of effective binder )Vbe( by applying Equation )12(.

Vbe=0.176-0.067 log)Sn(                                                                  )12(

Where;

 Sn = nominal maximum sieve size of aggregate blend.

Finally, finding the percent of binder by mass of mix )Pbi( is done by applying Equation )13(.

To know the compaction properties of an aggregate blend, two specimens are needed. Also, to calculate 

the peak theoretical specific gravity, another two samples are required. To prepare the samples they need 

to be compacted with gyratory compactor. The amount of compaction in that instrument is adjusted with 

the number of the gyrator’s revolution. The compaction is categorized into three stages where the com-

paction rate for each stage is different. The first stage is the starting stage, the second stage is called design 

level, and the final stage is called the peak or maximum and they are denoted with )Ni, Nd, and Nmax( 

respectively. The starting stage is used to detect the “tender” mixes and it reflects the ability of the mix 

to consolidate under low forces. The second stage which is design stage is a real simulation of the mix just 

after construction. Whereas the maximum stage simulates the density of the asphalt after its construction 

by 5 to 10 years )Cominsky et al., 1994(. In Table 3.6, the number of gyrations is shown which depends 

strongly on the status of the design. 

Table 3.6: Number of gyrations at specific traffic levels )McGennis et al., 1995(.

The bulk specific gravities of the compacted specimens are then calculated and found. This along with the 

calculated maximum specific gravity are used in volumetric analysis. There are some areas and calculations 

where both Marshall and Superpave methods use exact same equations such as in finding voids filled with 

Traffic Level (ESAL) millions

< 0.3 0.3 – 3 3 - 30 >30

Nini. 6 7 8 9

Ndes. 50 75 115 125

Nmax. 75 100 160 205

𝑉𝑉𝑉𝑉𝑉𝑉 = ( 𝑃𝑃𝑃𝑃 (1 − 𝑉𝑉𝑉𝑉)
(𝑃𝑃𝑉𝑉

𝐺𝐺𝑉𝑉 + 𝑃𝑃𝑃𝑃
𝐺𝐺𝑃𝑃𝐺𝐺) ∗ ( 1

𝐺𝐺𝑃𝑃𝑉𝑉 − 1
𝐺𝐺𝑃𝑃𝐺𝐺)

)                                                                 (11) 

𝑃𝑃𝑉𝑉𝑃𝑃 = 100 (𝐺𝐺𝑉𝑉 (𝑉𝑉𝑉𝑉𝐺𝐺 + 𝑉𝑉𝑉𝑉𝑉𝑉)
𝐺𝐺𝑉𝑉  (𝑉𝑉𝑉𝑉𝐺𝐺 + 𝑉𝑉𝑉𝑉𝑉𝑉) + 𝑊𝑊𝑃𝑃)                                                                 (11) 
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asphalt, voids in the total mix, and voids in the mineral aggregate. In the Superpave design method, the 

dust in the aggregate mix is counted for as the percentage of the aggregate that can pass )0.075( mm sieve. 

It indicates a ratio between the dust and the percentage of effective binder. This percentage of effective 

binder is the absorbed binder subtracted from the total binder content. Table3.7 shows the Superpave 

design criteria.

Table 3.7: Superpave mix design criteria )McGennis et al., 1994(

The aggregate blend that makes the best compliance with the criteria is indicated as the design aggregate 

structure for finding the design binder content )Harman et al., 2002(. If none of the aggregate blends pro-

duce a design aggregate structure with acceptable volumetric characteristics, a new aggregate blend and 

subsequent testing must be selected and evaluated. In addition three additional separate smooth curves 

are drawn: % of air void, % VFA, and %VMA respectively vs. % of Asphalt Binder )McGennis et al., 1995(.

Finally, the moisture susceptibility of the mixture is assessed, six samples are prepared at the design aggre-

gate structure and optimum binder content. Three specimens are conditioned. The tensile strength of all 

specimens is measured )Huber and Heiman, 1986(.

4.CONCLUSION
I. There are analytical and experimental methodologies exist in the literature that may improve the mix 

design significantly. Especially the methods that depend mostly on volumetric analysis in the establishment 

of the optimum asphalt content.

II.The decisive factor in establishing the effective volume of the binder mix is the voids in the mineral ag-

gregate. Even though, the method of obtaining VMA surrounded by assumptions on the types of aggregate 

that are considered as questionable in both methods of design )Marshall and Superpave(.

III. To resist everlasting deformations, cracking in low-temperature and due to fatigue, the pavement relies 

(ESAL) mil-

l i ons

% Gmm VMA VFA Air Void Dust Ratio

Nini. Ndes. Nmax.

4% 0.6-1.2

< 0.3 < 91.5

96.0 < 98.0 NA

70-80

< 1 < 90.5 65-78

< 3 < 90.5 65-78

< 10 < 89.0 65-75

< 30 < 89.0 65-75

>30 < 89.0
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mainly on the type of aggregate whether it is flat or elongated and other criteria of SE, FAA and CAA. 

IV. The main differences between Marshall and Superpave mix design systems are shown in Table 4.1.

Table 4.1: Mix Design Differences between Super pave System vs. Marshall Mix Design for Asphalt Paving Mixtures

Reference
]1[ AASHTO, T11 )2010( Standard Method of Test for Materials Finer Than 75-μm )No. 200( Sieve in Mineral 

Aggregates by Washing, Single User Digital Publication. American Association of State Highway and Trans-

portation Officials, Washington DC.

]2[ AASHTO, T27 )2010( Standard Method of Test for Sieve Analysis of Fine and Coarse Aggregates, Single 

User Digital Publication. American Association of State Highway and Transportation Officials, Washington 

DC.

]3[ AASHTO, T304 )2010(. Standard Method of uncompacted void content of fine aggregate, Single User 

Digital Publication. American Association of State Highway and Transportation Officials, Washington DC.

Superpave (SP) Mix Design Method Marshall (M) Mix Design Method

(CAA, FAA, SE, and F&E particles) mineral aggregate tests are 

considered

 (CAA, FAA, SE, and F&E particles) mineral aggregate tests are 

not considered

Before compaction, initial binder content is calculated.

Grades of compaction in SP system with respect to (N design) 

which depends on: -

1- Average design high air temperature

2- Design ESALs

Grades of compaction varies as follows:

1- Light (ESALs<10000) ---Level of compaction= 35.

2- Median (10000<ESALs<1000000) ---Level of compaction=50.

3- Heavy (ESALs>1000000) ---Level of compaction= 75.

Nmax is used to compact the test specimen & to estimate com-

patibility of mixture. Nini is used 

Nmax & Nini do not exist

SP utilizes the idea of (%Gmm-corrected) in collecting the data 

and analyzing them to select the design binder content.

The idea (%Gmm-corrected) does not exist in M test.

Nominal Maximum Aggregate size in (mm) is essential in select-

ing gradation measures of mix & verifying VMA%. 

There is not such a property as nominal maximum aggregate size.

The idea of dust ratio which represents ratio between aggregate 

content passing (0.075) mm sieve to effective binder content.

The idea of dust ratio does not exist in M test.

Both %G mm at Nmax and % Gmm at Nini are valid %G mm @Nmax & % Gmm @ Nini that are not used

The assessment for sensitivity towards moisture of the mix and 

determination of tensile strength are valid and the ratio should be 

more than (80%).

Not valid

Performance Grade binder is valid in this test method Not valid.

Superpave gyratory compactor which is a simulator of real field 

rollers is used for compaction.

Marshall compacting hammer is used

The existence of both restricted zone FHWA 0.45 power chart) 

and Control points in finding the design aggregate structure

Not valid.

The diameter of gyratory is (150) mm. And number of gyrations/

min = (30)

The diameter of samples is (102mm).
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]4[ Al-Khateeb, G. G., Ghuzlan, K. A., & Al-Barqawi, M. O. )2017(. Effect of Superpave restricted zone on 

volumetric and compaction properties of asphalt mixtures. International Journal of Pavement Research and 

Technology, 10)6(, 488-496.

]5[ Al-Mistarehi, B. )2014(. Superpave system versus marshall design procedure for asphalt paving mixtures 

)comparative study(. Global Journal of Research in Engineering.

]6[ Asi, I. M., & Khalayleh, Y. )2011(. Adaptation of superpave asphalt concrete mix design procedure to jor-

dan climatic and traffic conditions. International Journal of Pavement Research and Technology, 4)3(, 154.

]7[ ASTM C127-15 )2015(. Standard Test Method for Relative Density )Specific Gravity( and Absorption of 

Coarse Aggregate.

]8[ ASTM C128-15 )2015(. Standard Test Method for Relative Density )Specific Gravity( and Absorption of 

Fine Aggregate.

]9[ ASTM C136-14 )2014(. Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.

]10[ ASTM C702-11 )2011(. Standard Practice for Reducing Samples of Aggregate to Testing Size.

]11[ ASTM D1559-89. )1998(. Test method for resistance of plastic flow of bituminous mixtures using Mar-

shall apparatus.

]12[ ASTM D4791-19 )2019(. Standard Test Method for Flat Particles, Elongated Particles, or Flat and Elon-

gated Particles in Coarse Aggregate.

]13[ ASTM D75-14 )2014(. Standard Practice for Sampling Aggregates.

]14[ Bahia, H. U. )1993(. Bibliographies for physical properties of asphalt cement )No. SHRP-A-626(.

]15[ Cominsky, R., Leahy, R. B., & Harrigan, E. T. )1994(. Level one mix design: Materials selection, compac-

tion, and conditioning )No. SHRP-A-408(.

]16[ Garber, N. J., & Hoel, L. A. )2014(. Traffic and highway engineering. Cengage Learning.

]17[ Hafez, H. I. & Witczak, W. M. )1995(. Comparison of marshall and super-pave level 1 mix design for 

asphalt mixes. Transportation Research Record No. 1492, Transportation Research Board, National Research 

Council, Washington, D. C., USA, pp. 161-175.

]18[ Harman, Thomas, John R. Bukowski, Francis Moutier, Gerald Huber, and Robert McGennis. )2002(. His-

tory and future challenges of gyratory compaction: 1939 to 2001. Transportation research record 1789)1(, 

200-207.

]19[ Huber, G. A., & Heiman, G. H. )1986(. Effect of asphalt concrete parameters on rutting performance: a 

field investigation.

]20[ Jasim, I. F. )2012(. Comparison between marshall and superpave mixtures design. Al-Qadisiyah Journal 

for Engineering Sciences, 5)4(, 394-406.

]21[ Kandhal, P. S., & Cooley Jr, L. A. )2001(. The restricted zone in the Superpave aggregate gradation speci-
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fication )No. Project 9-14 FY’98(.

]22[ McGennis, R. B., Anderson, R. M., Kennedy, T. W., & Solaimanian, M. )1995(. Background of SUPERPAVE 

asphalt mixture design and analysis )No. FHWA-SA-95-003(. United States. Federal Highway Administration. 
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