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 : ألخلاصه

 

الدائميووم مووم اتووا المشوو سي اللئي وويم التوو  تطوو ا  ماتوو  الدوولن ات وو  تيم الطوود   ووااا   التشووات           

اخ صم عاد الت  ع دلج   الحلال  ف  الصيف , زي د  الحمالا  المحاليم سذلك عدا س و ة  التصوميا 

 د الم تخدمم ف  اتاش ة .االتا يذ االماا

التدف الأ     مم تذا البحث تا تخميم مقدال التشات   الدائميوم  التخودد ( الح صو م فو  موزي        

اللصف ات   ت  تح  تأثيل الظلاف المح يم.   ف  تذه الدلا م تا ا تخداا فحص الزحوف   المتسولل 

جوو    الحوولال   ب لاظ فووم صلووت فحووص التخوودد الدائميووم مووز الووزمم بوو ختةف دل التشووات  لتمثيووي عة ووم 

افحص م لش ي لتحديد خص ئص  المزي  ات   ت  الما  ب لتقيويا التشوات   الدائميوم   التخودد ( تحو  

ثةث  م وتاي    تأثيل الظلاف االمتغيلا  المخت  م التذه الأ ب ب تا ااتخ ب ثةث دلج   ل حلال  ا

( لماشأ KENLAYER software  دا  المتغيل  ب  تخداا  تالاج للإجت د تح  تأثيل سي دلجم . تا تقييا

 مسام مم خمس دبق  .

ي تخدا اماذج التخدد لتخميم مقدال التخدد الح صي ف  الدلن ات   تيم ب لاعتم د ع وت محوددا         

 الدائميم ا المح ابم مم فحص  الزحف  المتسلل اح دي المحال.    التشات 
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Abstract:      Permanent deformation in asphalt pavements has been a major 

problem 

for many years due to higher degree of temperature in summer, heavier axle 

loading and tire pressure and improper selection, design, construction of 

materials. The main objective of this work is to applicate a prediction model for 

permanent strain occurred in asphalt concrete pavement under the local 

conditions. 

        The cyclic creep- recovery test has been employed for characterizing the 

deformation- time relationship at various temperatures. Wheel track test in 

addition to Marshall test have been conducted on the selected asphalt paving 

materials in order to evaluate their rutting( permanent deformation ) 

susceptibility under different variables. 

        Rutting model is constructed to predict layer rutting depending on the 

permanent deformation parameters calculated from uniaxial repeated cyclic 

creep- recovery test, therefore, three levels of stresses are applied under three 

levels of temperature to cover all conditions . The pavement response under 

various loading has been evaluated by using KENLAYER software for pavement 

structure which consisted of five layers. 
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CHAPTER ONE 

INTRODUCTION 

 

030: Introduction 

            Permanent deformation ( rutting ) of asphalt pavements has a major 

impact on  pavement  performance  particularly  in  hot climates and at 

intersections. Rutting reduces the useful living service of the pavement and,   by 

affecting vehicle handling characteristics, creates serious hazards for highway 

users ( Jorge et al., 2992 ).  

        The stability properties of an asphalt mix are not well defined, but 

may  be  expressed  as  the  resistance  of mix  to  pavement  rutting   

under   

varying conditions  of climate and traffic loading. Therefore, the  need  

has 

been found  for the  development of  a laboratory  test  method  to  

predict    the amount of  rutting that would  occur  in  a pavement ( Van 

5.7 
Relationship Between Log of  b and Temperature 62 

5.8 
Cross-section in Pavement Strcture 65 
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de Loo, 29.0). In many instances ruts are noticeable only after a rainfall, 

when the wheel paths are filled with water. Rutting stems from the 

permanent deformation in any of the pavement layers or the subgrade, 

usually caused by the consolidation or lateral movement of the material 

due to traffic loads ( Yang, 299.).  

         A primary concern of most pavement  structural design is  

procedures to control permanent deformation and fatigue crack . This is 

achieved  by estimating the cover thickness of high quality materials 

required to protect natural  subgrade against the compressive  stresses 

forms, and thus limiting 

 

 

Deformation within acceptable limits of time. Which one this  approach  

has lead to the  development of  various  relationships for acceptable rut 

depth limit and acceptable crack extent and the various measures of 

material and  traffic properties, enabling the design of adequate 

pavement  structures ( Freeme , 298.). 

         Due  to  the  deterioration  and  ageing  of  road networks, the 

models 

(or the principles behind them)  were also used  for improved  

management 

and    planning    techniques,   and    for   the   economic     justification  of  

expenditures  and  standards in  the  highway sector.  Therefore, in  

modern   
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pavement  management systems, the routine  measurement  and  

prediction of  rutting  has  become  an  important  performance  criteria  

as a result of  the  influence  of  rutting  on  road  roughness,  dynamic  

loads  and  safety   

(  based  on  the  hazard  of bonding water ), all of which influence the 

road 

user costs of vehicle operation and  accidents ( Louw, 600. ). 

 

0.2 : The objectives of this Study  

         This study aims to:  

2. Formulate a model to predict  the permanent strain by using 

repeated cyclic creep and recovery test which is developed in 

asphalt layers under the repetitive action of traffic.  

6. Investigate the main factors related to the permanent strain of 

asphalt concrete including the number of  repetitions, stress state 

and ambient temperature. 
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0.3 : Layout of Thesis 

       This study consists of  five chapters in which the following topics are  

addressed : in chapter one the introduction to the problem is discussed in 

addition to the objectives of this study.   

        In chapter two ( Review of Literature ), topics related to permanent 

deformation are considered including: introduction, mechanisms of 

rutting, permanent deformation criteria, effect of restricted zone, 

pervious methods to predict rut depth and factors influencing rutting. 

      Through chapter three ( Materials and Testing ), the emphasis is 

placed on the properties of the materials used in this work including 

asphalt cement, mineral filler and aggregate. In this chapter, the test 

methods and results including Marshall test, uniaxial repeated cyclic 

creep test and wheel tracking test are also included and conclusions of 

these results as well. 

     Chapter four includes the construction of the proposed model to 

predict permanent strain. The main conclusions and recommendations  

are presented in chapter five. 
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CHAPTER TWO 

REVIEW OF LITERATURE 

 

230 : Introduction 

      The distortion  ( or permanent deformation )  mode of distress in 

asphalt  pavement  that  results  from  both  traffic and non-traffic 

associated causes is summarized in Table ( 6-2 ) ( Monismith and Salam, 

29.. ). 

General causes  Specific causative factor      Example of distress 

 

 

 

 

 

Single or comparatively 

few excessive loads 

Plastic flow(shear distortion) 

Long – term  ( or static )          

 load  

Creep ( time dependent ) 

deformation 
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Table (2-0) Permanent Deformation Mode of Distress in 

Asphalt Pavement (Monismith and Salam, 0973)          

       

       In general, rutting in local asphalt pavement has been a major  

problem  for many years  especially  with   greater  wheel  loads and 

higher pressures. Permanent deformation or rutting occurs as longitudinal 

depressions in wheel path. This  type of  distress may occur due to 

repeated application of high stresses on the subgrade  or by  inadequate  

shear  strength of the  hot  mix asphalt structure. Rutting may be caused 

by  inadequate  results from pavement layers  which    are   too  thin  or   

weakened  subgrade  due  to  moisture  or   poor compaction.   Rutting  

Traffic 

 

associated 

 

Repetitive traffic loading 

(generally a large 

number 

of repetitions) 

Rutting   (  resulting   from 

accumulation of the small 

permanent     deformation 

associated  with  passage  

of  wheel  load ) 

 

 

 

Non – traffic 

 

associated 

Expansive subgrade soil Swell  or  shrinkage 

Compressible  material 

underlying  pavement 

structure 

Consolidation  settlement 

Frost  –  susceptible  

 

material 

Heave  (   particularly  

 

differential  amounts ) 
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can   also  occur  due  to  low   shear  strength  in the  local asphalt 

pavement , which  results  in  accumulation of   irrecoverable  strain   

resulting  from applied  wheel  loads. This results in a combination of  

consolidation  and / or  lateral   movement of the un local asphalt 

pavement der traffic. Shear failure    ( lateral movement )  in a local 

asphalt pavement generally occurs in top 200 mm (0 in ) (Eugene et al., 

6006). 

       Rutting  decreases the useful life of a pavement and creates a safety   

hazard.  Higher  traffic  volumes  and  the  increase  use of radial  tire    

(higher  inflation   pressures) have increased the potential for rutting.  

       Bolk, ( 2986 ) classified  rutting into two types :  Primary rutting        

which is  defined as the total  permanent deformation of bituminous  

bound 

layer in the wheel track. Secondary  rutting, which is often  a 

accompanied by  cracking,  has  its   origin  in  the non – bituminous  

components  of the 

pavement. Primary rutting may be a result of plastic and / or viscous 

deformation of the bituminous materials, and wear of the bituminous top 

layer. Rutting  has  effects  not  only  on   the  serviceability,  but excessive 

rutting affects also on hydroplaning by freezing of pounded water to 

result in the  icing  condition  that  lead  to  loss  of  vehicle control and 

pavement  

bearing capacity. 
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232 : Mechanisms of Rutting 

       Traffic – associated permanent deformation, and  rutting  in 

particular,    

results  from  a  rather   complex  combination  of  densification and 

plastic 

flow mechanisms.  Densification,  according  to Paterson(29.8), is the 

change in the volume of material  as a  result of the tighter packing of the 

material  particles and  some times also the   degradation of  particles  

into  smaller size. Rutting due to densification is usually  fairly  wide and            

uniform  in the  longitudinal direction   with   heaving   on   the  surface   

seldom   occurring,  as illustrated in Figure 6.2. The degree of 

densification depends greatly on the compaction specification that  

should be selected in  accordance with   expected   loadings  and   

pavement   type.   Failure  to  reach specified  compaction during  

construction  will result in an increase of   densification  under  traffic, 

most  of which  occurs  early in  the  life of  the  pavement.    

       The  deformation within the  pavement may be located within a single  

weak layer, or  more  frequencies distributed  through  the depth of the 

pavement, as illustrated in Figure 6-2.       
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Figure 2-0: Typical rut profile as result of densification  

(Paterson, 0987) 

 

 

         Plastic flow  involves  essentially no volume change, and give rise to 

shear displacement in which both depression and heave are usually 

manifested.  Plastic flow  occurs when  the shear stresses imposed by  

traffic exceed the  inherent   strength  of  the  pavement  layers  ( 

Paterson, 298. ). The rutting  in this case  is usually  characterized by 

heaving on the surface along  side of the  wheel   paths,  as  illustrated in 
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Figure 6-6 .  Plastic  flow  is  controlled  through   the  structural  and  

material   design  specification, which are normally based on a measure  

of the shear strength of the materials used for example, the California 

Bearing Ratio (CBR) for soils, and  Marshall  and  Hveem  stability  for  

bituminous  materials.   

 

      The best  known example of plastic flow  is shoving  within the asphalt  

layers, as  illustrated in Figure  6-6.   

 

 

Figure 232: Typical rut profile as result of plastic flow(shoving) 

( Paterson, 0987) 

233 : Permanent Deformation (Rutting) Criteria 
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       The Federal Highway Administration  (29.9) has  classified rutting into 

four levels of severity as below : 

 

 

Table (2-2) Rut Depth According to FHWA. 

 

 

 

 

 

 

 

 

 

           Allowable rut depth may be limited by both safety and structure      

consideration. For example, pavement  failure in United  Kingdom is 

defined as a rut depth of 0..2 to 0.80 in. (29-60 mm )  measured by a 2.0 

ft ( 2.8m )straight edge ( Lister and Addis, 29.2 ) . It is suggested that  rut 

depths  up to  approximately 0.0 in ( 20mm )  do  not  cause   loss of  

structural strength. For a cross slope of  6.2 significant percent  (generally  

used in  the united kingdom ),  Lister and Addis( 29.2 )  have  found  that  

ruts  deeper  than  approximately  0.2  in. ( 2. mm ) result in pounding of 

water which could cause hydroplaning or loss of skid resistance. This 

      Mean rut depth      Severity Level 

     0.60 - 0.62  in 

     0.62 - 0.20  in 

     0.20 - 2.00  in 

           > 2.00 in 

     hydroplaning 

     low 

     medium 

     high 
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corroborates Barks dale's  finding as noted above. Verstraeten et al. 

(29..) have determined that the rut slope ( ratio of rut depth to one-half 

its width ) should not exceed 6 percent for good riding quality.  

 

234 : Effect of restricted zone on rutting   

 

         More than ninety percent of local asphalt pavement consists of 

aggregates. The stability of local asphalt pavement largely depends on 

aggregate properties. 

         Gradation of aggregates is the single most important property that 

determines the stability of mix. Mixes containing different aggregate 

gradations are likely to have different stability and different rutting 

potential. Hence, any laboratory rut tester should be evaluated on the 

basis of its ability to characterize mixes with different aggregate 

gradations. 

        The Superior Performing Asphalt Pavements ( Superpave ) system has 

specified a restricted zone through which aggregate gradations are 

recommended  that  no  passing  with its to avoid stability problems. 

Mixes  

 

with gradations above the restricted zone are known as fine mixes, and 

those passing below the restricted zone are known as coarse mixes. It is 
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believed that mixes with gradations passing above, through and below 

restricted zone would differ significantly in their rutting potential. To 

obtain relatively stable mixes, superpave recommends the use of below 

restricted zone gradations for pavements with high traffic volumes. 

          Apart from gradation and type of aggregate the top size of 

aggregate is also believed to have significant effect on rutting potential. 

Experience shows that stiff binder course with bigger aggregates have less 

rutting potential compared to relatively more flexible wearing courses 

with finer aggregates and higher binder content (Kandhal and Mallick , 

2999 ). 

            

2. 5: Pervious Models to Predict Rutting 

         Many procedures are available for the estimation of the amount of 

rutting from repeated traffic loading as shown below:    

 

Uzan Model : Uzan ( 2986 ) has developed a model by using repeated 

load testing to predict permanent strain. This model is dependent on the 

number of repetitions, resilient strain and characteristics of materials. The 

form of this model is : 

 

        εp =  εr μ N-α    …………………………………………………   6-2            
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Where: 

       εp = permanent strain ( mm/mm ). 

       εr =  resilient strain ( mm/mm ).   

 

        N= number of repetitions. 

       μ, α = characteristics of materials based on intercept and slope       

       coefficients. 

 

Shakir model : Shakir  (2999 )has developed a model by  using wheel 

tracking test.  This is model dependent on the number of cycles, asphalt 

layer thickness, rate of rutting and viscosity for the wheel tracking and 

practice mixtures. The general form this model is : 

 

    RD = z. h. Rr. N6. [ ή2/ ήy - ]  …………….…………………… …. 6-6 

 

In which: 

              RD = Rut depth (mm). 

              z = Correction factor for the difference in the state of stress       

                      between wheel tracking test and practice. 

              h = Asphalt layer thickness(mm). 
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              Rr = Rate of rutting at the last pass ( mm/mm/pass) from wheel    

              track. 

              N6 = Number of passes.   

              ή2& ήy - = Viscosity for the wheel tracking and practice mixtures  

                             respectively. 

 

David Model: David and Deen (2980) have filled to their test data a third 

order polynomial of the form: 

        Log εp= C0+C2(log N)+ C6(log N)6+ C.(log N).…………………6-. 

In which the influences of stress state, time of loading and temperature 

are described by the coefficient C0, C2, C6 and C 

 

Mahboub model : Mahboub and Little (2988)have developed a model by 

using uniaxial creep tests. This is model dependent on the number of 

cycles and state of stress at peak cyclic. The equation represents this 

model is : 

 

         εvp   

          N 
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Where : 

 εvp   

  N 

σ    

= peak cyclic stress ( KPa ). 

 a, b = regression parameters. 

 

Carsten model : ( Carsten, 6002 ) has measured rut depth at a given 

number of loads. Early in testing, the interval between rut measurements 

is small and increases with the number of load repetitions. In this way, the 

correlation between rut depth and number of loads is monitored. The rut 

depth, PN at N loads estimated by the power function : 

 

         PN = a.Nb ………………………………………………………..    6-2 

Where : 

         PN = rut depth at N loads ( mm ). 

         N = number of load repetitions ( cycle ). 

         a, b = regression coefficients.  

 

= accumulated, viscoplastic deformation per cycle 

(mm/mm/cycle). 
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Shami model : Shami et al. presented a temperature  effect model to 

predict rut depth based upon testing conducted at a given test 

temperature and given number of cycles as cited by ( Jingna et al., 6006 ). 

The equation represents the model for laboratory test over  a range of 

temperatures and number of cycles is: 

 

276.0625.2



























 N

N

T

T

R

R
………………………………………………    6-2 

 

where : 

       R   = predicted rut depth ( mm ).  

       R0 = rut depth obtained at the test conditions T0 and N0 ( mm ). 

       T, N = temperature and load cycles (°C, cycle ).  

       T0, N0 = temperature and load cycles at the R0 (°C, cycle ). 

 

The factors ( 6.262, 0.6.2 ) are conducted for Georgia wheel tracking.  

     The previous models are not used for two reasons: first, the used 

equipments are not available in the laboratory. Second, some of these 

models are conducted under limited range for degrees of temperature 

that are not fitting with the climate conditions in Iraq.    
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2.6 : Factors Affecting Rutting 

        The  resistance  of  pavement  structures  for  rutting  is  dependent 

on  

a number of  factors which are related to applied  loads as ( traffic type 

and traffic volume ), or the  environment as ( temperature , moisture ), 

the pavement structure ( materials used and their compositions ), the 

construction process, or a combination of the above factors. 

       The general influence  of  the  factors  are  based on  the laboratory 

findings  and field  observations  of  numerous  experiments.  These  

factors  are discussed in more detail below : 

 

 

2. 6. 0: Traffic Characteristics   

   One of the most important factors that effect the increase of 

pavement 
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 deformation   is the  traffic  characteristic,  truck  tire  pressure, axle  

loads 

and  volume of traffic. On the basis of asphalt pavement  strain   

measurements,  Addis et al., (2982 ) reported that a 00 %  increasing in 

tire pressure   would  increase fatigue damage   by  62 % .  Laboratory  

measurements  by Eisenmann et. al, ( 298. ) on a 662 mm  thick asphalt   

road surface   model   showed    that  rut   depth development   was  

approximately linearly related to the average contact pressure 

(independent on  load  ).Experimental measurements of asphalt layer 

interface strains and surface deflection by Christison et al., (29.8) for a 

variety of axle and tire configurations gave very similar results. 

Christison's analysis of the measured strains in terms of pavement 

damage indicated that a single tire theoretically .-20 times worse than a 

dual tire for equal load. 

 

        Haas and Papagiannakis (2982) showed that increasing tire contact  

pressure from 022 KPa  to  8.0  KPa at  constant  load, increased the 

theoretical vertical compressive strain near the  surface of a 600 mm thick 

asphalt  layer by up to a factor of eight, but hardly affected the strain at 

the bottom of the layer.  

 

2. 6. 2: Temperature  
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           AASHTO ( 2982 ) indicates  that  the  high  temperature  will  affect 

creep properties of the asphalt concrete and performance of asphalt 

pavement  by  rutting.  For practical  purpose, temperature influences 

factors can be divided into extrinsic and  intrinsic categories. The  extrinsic  

factors  are  usually the  weather  conditions  such as air temperature, 

solar radiation, wind, precipitation, evaporation and condensation. The 

intrinsic factors generally  refer  to  the  emission of  long wave radiation  

from  the ground  and  thermal properties, which  include thermal  

conductivity, heat  capacity and latent  heat of  fusion of the pavement  

materials and subgrade. Among all  extrinsic factors the ambient  

temperature  is  the most  important factor  in  the  thermal equilibrium of 

pavement( Bissada, 2980). 

     Hofstr and klomp (29.6) determined from test track measurements 

that rutting increased by a factor of 620 to .20 with a temperature 

increase From 28 °F to 200 °F ( 60 °C to 20 °C ).  

        Sultan( 2992) indicated that dynamic modulus of asphalt concrete is 

very sensitive to temperature, as an example, dynamic modulus of asphalt 

concrete is 22222 MPa at 0.2 °C and 20 MPa at 20 °C , also Poisson's ratio 

 

( µ )  is  0.62  at  0.2 °C  and  0.09  at  20 °C.    Louw ( 600. )  has showed  

that the dependence of the flow properties  of bituminous  mixtures on 

temperature is due to changes in  the  rheological  properties  of  the  

binder, the  dominant factor being the great dependence of viscosity on 
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temperature and, from  simulation  tests  and  general experience it is 

well known that the resistance to deformation of bituminous materials 

decreases  rapidly as temperature  increases,  especially  if  the ambient  

temperature  approaches or  exceeds  the softening points of  the binders 

used in such mixes.    

    The results obtained from creep test, , Marshall  stiffness and  wheel 

tracking test for pervious research show  that  the deformation rate of 

bituminous mixture depends on temperature. 

 

2. 6. 3: Mixture Variables 

            The main factors  associated  with the material itself, which  affect 

the  resistance  to  permanent  deformations  are  binder  grade, binder 

quantity,  filler, fine aggregates, compaction effort, mixing temperature 

and aggregate shape. The Superior Performing Asphalt Pavements ( Super 

Pave ) mix design system adequately addresses the aggregate and asphalt 

binder properties that contribute to permanent deformation. 

       N. Mike and Baldwin, (2999 ) show that excessive; asphalt  cement, 

excessive fine grained  aggregate and high  percentages  of natural, 

rounded aggregate particles are considered to be common material – 

related causes of permanent deformation . Hughes and Charles, (2990 ) 

has  
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suggested  that  gradation  is  more important  in  minimizing   rutting  

than   

 

asphalt cement  and additive properties. Experimentation has also shown 

that the susceptibility to plastic deformation increases dramatically when  

natural fine aggregate particles replace crushed particles in given 

gradation ( Button et al., 2990). 

         Others have noted that interlocking aggregate particles will resist 

flow when the binder content is not excessive. However  the   quality of 

local  aggregate,  dictated by the geology of the  region , has  shown that 

it has some control over local asphalt pavement rutting  susceptibility. 

         Regions quality of crushed stone and angular natural sand have been  

observed to exhibit a higher resistance to rutting ( Parker and Brown, 

2990).  Further it has  been reported that medium graded  mixture 

provides significantly better performance in resisting permanent 

deformation than coarse graded mixtures (Matthews and 

Monismith,299.).  

         EL- Basyonny  and  Mamlouk, ( 2999 ) studied  two asphalt concrete 

mixture with  nominal  maximum sizes of 29 mm  and  ...2 mm  and they 

found that asphalt  content  affects  the rut depth of a specific pavement 

section  as  estimated by the VESYS – 3AM  software.  Mixtures prepared   

using   the   aggregate   gradation   pass   below  the  restricted   zone  

which has the  least  predicted  rut  depth  among  other gradation  with 

CHAPTER  2                                                    Review of Literature          



 

 45 

an  average of  20mm  in a 20-year  analysis  period. They pass  through 

and above  the restricted  zone which has similar  predicted  rut depth  

with an average of  22mm. The  mixture with ...2 mm  nominal 

maximum aggregate size results in a rut depth less than  29  nominal  

maximum  aggregate  size.  The  0.2  %  asphalt content mixtures result in  

the least  rut depth  compared  with other  mixtures with an  average of  

20 mm. 

 

 

       The resistance to permanent  deformation of an asphalt mix is also 

dependent  upon  interaction  between  particles of  the coarse aggregate  

to form a  mechanical  interlocking  structure;  the higher the particle to 

particle  contact  within the mix, the  more  resistant  of mix  to  

deformation. Thus  both  the  shape  and  texture  of  coarse aggregate are 

of importance. It  also has  been found  that  higher content of stone lead 

to lower deformation, but the most difficult case is to achieve the  

required  compaction ( Louw, 600. ). 

          Air void content within an asphalt mix also  influences  the  behavior 

of  the mix.   The  higher  percent  of  air  voids,  the  mix  more  resistance 

to  deformation but  due  to  the  increased  permeability  to  air,  an 

increased rate of hardening of the binder will occur, reducing the fatigue  

life of  the  asphalt. If  the  air voids  content  is  too  low, the asphalt  mix  
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will  become  unstable, resulting  in  plastic  flow of  the layer  under  

heavy  traffic, slow moving loads or high maximum temperature. 

          According   to  road   note   .2  (  TRL, 2990  ),    numerous   studies 

indicated  that  the   minimum  air  voids  after  trafficking  should   always 

exceed .  percent  to  avoid  potential  plastic  flow,  but should less than 

2  

percent to keep hardening of the binder (under tropical condition ) to a 

minimum. Also one of the main problems in design of HMA is the 

selection of a suitable binder content for a given gradation of aggregate. 

From the point of view of deformation, asphalt mixes should contain 

enough binder to give cohesion  and to  enable  adequate  compaction to 

be  

achieved. The binder content affects the mixtureۥs ability to resist 

permanent deformation. The Marshall or Hveem method is generally 

selected as a preliminary  design  tool  in the  determination  of an 

adequate  

 

asphalt content. Monismith et al., ( 2982 ) recommended that the 

mixtures have an asphalt content such as the air void content would be 

approximately 0 percent. To exclude problems of instability and, thus, 

permanent deformation, they recommended an absolute minimum of 

three percent air voids. These criteria must necessarily  be associated 
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with mixtures of adequate stability resulting from the use of high quality 

aggregates. 

 

2. 7 : A brief Introduction to The Present Model 

        A constitutive model for bituminous mixture subjected to repeated 

cyclic loading has been presented to evaluate  the elastic, plastic, 

viscoelastic and vicoplastic components that are simultaneously 

presented in the loading process for each cycle. The material properties 

could be obtained  from repeated cyclic creep and recovery test that are 

conducted under various levels of compression stress under different  

temperatures. 

       Each component varied with degrees of temperature. The materials 

behave as a viscoelastic under low temperatures, whereas,  in the high 

temperatures, they behave as a compenation of viscoelastic and 

viscoplastic. Because the environmental conditions in Iraq show higher 

degrees of temperature, the model derived for this case is to consider the 

effect of stress state and number of repetitions.  
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2 .8: Analysis of Strain Components 

 

       The total strain ( εt ) has recoverable and irrecoverable elements, 

some of which are time dependent and some are time independent. 

Therefore, the total strain could be resolved into four components for 

each cycle, as below: 

         εt = εe+ εp + εve+εvp ……………………………………………..6-2 

where: 

          εe = elastic strain ( recoverable and time independent ), 

          εp = plastic strain ( irrecoverable and time independent ), 

          εve = visco-elastic strain (recoverable and time dependent ),   

          εvp = visco-plastic strain ( irrecoverable and time dependent ).  

 

 

        In typical schematic cycle as shown in Figure ( 6-. ), it could be 

observed that at  t = to, when load is applied, strain, εo, containing the 

elastic and plastic components, appears instantaneously. As the specimen 

undergoes creep ( to ≤ t ≤ t2 ), visco-plastic and visco-elastic strain are built 
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up. Once the load is removed in the period that follows (  t2 ≤ t ≤ t6 ), part 

of the visco-elastic strain is recovered. At the end of the cycle, the residual 

strain consists of the irrecoverable plastic and visco-plastic strain 

components. 

      A brief analysis of each of the strain components and their 

dependence on stress level, time and number of loading cycles is 

presented below: 
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2. 8. 0: Elastic strain     

       The elastic strain is obtained from the recovery curves. It is equal to 

the instantaneous decreases in the total strain that occurs when the load 

is removed ( t = t2 ) as shown in the Figure ( 6-. ). In the elastic strain, 

each cycle is a function of stress, this strain was found to be a linear 

function of stress which is independent from the number of loading 

cycles. 

2. 8. 2: Plastic Strain    

      The plastic strain component is evaluated through the creep curve. As 

previously described in the Figure ( 6-. )when specimen is loaded, the 

strain consists of elastic and plastic. Therefore, the plastic strain is equal 

to: 

Fig(2-3):Response Components From Creep-Recovery 

Test of a Viscoelastic Plastic Material(Uzan et al.,0983) 

ε v
e
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      εp =  εo - εe………………………………………………………….6-. 

 

       The variation of the total plastic strain with the number of cycles is       

a linear on log-log scale. 

2.8.3: Visco-Elastic Strain 

     Adetailed analysis of the experimental findings reveals a nonlinear 

dependence of the visco-elastic strain on time and stress level. The visco-

elastic strain is found to be independent from the number of the loading 

cycles. Once the load is removed, visco-elastic strain appears as a function 

of time and stress level. 

 

2. 8. 4: Visco-Plastic Strain       

      The Visco-plastic strain component is obtained by subtracting all the 

previously evaluated strains from the total strain as shown in Figure ( 6-. 

).        

 

      εvp( σ,t,N ) = εt( σ,t,N ) - εe ( σ ) - εp ( σ, N ) - εve( σ, t )………… 6-8 
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CHPTER THREE 

MATERIALS, TESEING AND RESULTS 

 

330 : Materials 

 

        The materials used in this  study  are  widely   available  and currently 

used in the road paving in Iraq. These materials  consist of asphalt 

cement, aggregate and filler which are discussed in more detail below : 

 

330.0 :  Asphalt cement 

 

         Penetration grade of asphalt cement used is ( 00-20 )  from Daurah 

refinery.  The  physical   properties  and  tests  of  grade  are presented in 

Table ( ..2 ) 

 

330.2 : Aggregates         
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          The aggregates ( crushed and uncrushed ) used in this work were 

brought  from the hot mix  plants of Daurah. The source of aggregate is 

from  Nibaee  quarry.   

         To produce  identical,  controlled  gradation,  aggregates  were 

sieved  and  recombined in the  laboratory to  obtain  the  selected  

gradation  according to the restricted zone shown in Figure (.-2) within 

the specification of  ASTM  D  .222  for (26.2 ) nominal maximum size. 

The physical properties of  the  aggregates  are shown  in  the Table ( .-6 ) 

.  

 

 

   

                   

 

TEST 

 

UNITS 

 

VALUES 
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Penetration (252C, 011g,5sec)  ASTM  D-5 

     

   00011 

   

   40 

 

Absolute viscosity  at 61 °C       

  ASTM  D- 2070 

 

 poise 

 

2165 

 

Kinematics viscosity at 035 °C     

ASTM  D- 2071 

 

 

   Cts 

 

  431 

 

Ductility (25 °C ,5 cm/min )   ASTM  D- 003 

 

   cm 

 

 >011 

 

Softening point ( ring and ball )             ASTM  

D-36 

 

    °C 

 

   51 

 

Specific gravity at  25 °C     ASTM  D- 71 

 

  …… 

 

031593 

 

Flash point    ASTM    D- 92  ( Cleveland  

Open-cup ) 

 

 

   °C 

 

  273 

         

AFTER THIN FILM OVEN TEST 

 

 

Penetration of residue ( 252C, 011gm, 5sec) 

ASTM  D-5 

 

 00011 

 

   30 
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Table ( 330 ) Physical Properties of Asphalt Cement (Daurah Refinery) 

 

 

 

Ductility of residue ( 25°C, 5 cm/min ) ) ASTM  
D-003 
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Table ( 3-2) Physical Properties of Nibaee Aggregate 

 

 

               PROPERTY                           

 

      COARSE 

  AGGREGATE 

 

       FINE 

 AGGREGATE 

             Bulk specific gravity 

       ( ASTM C- 027 and C- 028 ) 

         

        23630                        

 

       23670         

        Apparent specific gravity 

        ( ASTM C- 027 and C- 028 ) 

 

        23695 

 

         23710 

          Percent water absorption 

        ( ASTM C- 027 and C- 028 ) 

 

        1348 

 

         1369 

                Percent wear 

(Los Angeles abrasion)ASTM C- 030  

 

         25 

 

        -------- 

 

330.3 : Mineral Filler 

       Three types of mineral filler have been used including: limestone dust, 

hydrated lime ( both from Lime Factory in Karbala ) and ordinary Portland 

cement . 
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332 : Test Methods 

33230 : Mixture  Preparation 

 

           The   aggregates   are  first   dried  to  constant   weight  at   2201 C, 

separated into the desired size and  recombined with mineral filler in 

order 

to meet the required gradation of each specimen.  

        The  aggregates  are then  heated  to a temperature of 220 ° C before 

mixing with asphalt cement. The asphalt cement is heated to a 

temperature, which produces  a kinematic  viscosity of ( 2.0 ± 60 ) 

centistokes  ( up  to 22.1 C as  an upper  limit ) using 2201C. Then,  the  

asphalt  cement is  weighed  to the desired  amount and added to the 

heated aggregates,  and  mixed  thoroughly  until  all  aggregates particles 

are coated with asphalt.  

332.2: Resistance to Plastic Flow ( Marshall Method )  

       The procedure  of preparation  and  testing specimens according to 

this     

method are described in ASTM D-0559. A cylindrical specimen (2..2) mm  

(6.2 in) height  with diameter (202.2) mm  (0.0 in)  is compressed on the 
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lateral surface by means of  Marshall  apparatus with a constant  rate of 

20.8 mm/min  ( 6 in /min ) until the maximum load is reached .  

       The  maximum  load  resistance  and  the  corresponding strain values 

are recorded as Marshall stability and flow respectively, at a test 

temperature of 201 C.  

       The bulk specific gravity and density ( ASTM   D - 2726  ), theoretical  ( 

maximum ) specific  gravity  (  ASTM  D - 2140  )  and percent  air voids   

( ASTM  D - 3213 ) are determined for each specimen. The test specim 
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ens 

 are compacted using .2 blows/end. 

         Three  specimens  for  each  combination  are  tested  and the 

average results are reported. 

332.3 : Uniaxial Repeated  Cyclic Creep Test  

       The uniaxial  load  compression  creep  test  has been used for testing 

asphalt mixes. The consolidation apparatus for soils, shown in Figure (.-6) 

is employed to perform  this test. The creep test  specimens, 20.8 mm ( 6 

in. ) in diameter and 206 mm ( 0 in. ) in height, are  prepared in 

accordance with ASTM  D - 0174. The test starts about  60 hours after 

preparing specimens and allowed to cool at room temperature.  

        The specimens are placed in the chamber at the specific test 

temperature for 6 hours before testing (ASTM ). Creep tests are carried 

out at a temperature of 62, 00 and 20 °C.  

       Three stresses for each temperature:  68 KPa, 22 KPa and 8. KPa are 

used for repeated cyclic creep and recovery test .  The test consists of 

seven cycle, the periods of each cycle consist of ( 2000 ) second for 

loading and for unloading. The strains (deformations) are  measured at 

selected time intervals of loading and unloading times (200, 

620,200,.20,and 2000 second ). A static compaction of  2000,   0200 and 

.000 PSi   were    used   to   compact    specimens.   
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        Two specimens for each combination are tested and the average 

results are reported. The total permanent strain versus incremental time 

of loading is plotted on log - log scale. 

 

 

                          

 

                        Figure ( 3-3 )  Wheel Tracking  Apparatus 

 

Loaded edge 
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333 : Test Program of Asphalt Paving Mixture 

        The following  variables have been considered in preparing the asphalt 

concrete mixtures for different tests: 

     

 

2- Penetration grade is ( 00-20 ) from Durah refinery. 

 

6- Four  asphalt  cement   contents   ( 0.2, 2.2, 2.2  and  ..2 )   %   by   total                                     

 

     weight of mix. 

 

.- Three  types   of   mineral   filler  (   limestone  dust,  hydrated  lime  and  

    Portland cement )           

0- Three F/A ratios ( 0.2, 0.9, and 2.6 ) from( Portland cement ). 

 

2- Three aggregates - surface  shapes ( 0 , 20 , and  200  %  uncrushed ).  

        

2- Three  compaction  efforts  ( .000,  0200  and  2000 ) Psi  for  2  minute  

 

    of creep test. 

 

.- Three grades of fines( below, through and above ) the  restricted  zone. 
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        More details about the different mixture variables and the flowchart used 

in this work are presented in Table ( .-. ) and Figure ( .-0 ) respectively.  
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 Table ( 3-3 ) A Key for the Different Mixture VariablesUsed in the Work 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                       

                          Mix No. 

Variable 
0

  2
 

2
 

3
  4
  5
  6
 

6
 

7
  8
  9
  

0
1

 

 
0

0
 

 
0

2
 

 
0

3
 

 
0

4
 

 

435 %  A-C  ٭             

535 %  A-C ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭    ٭ 

635 %  A-C   ٭            

735 %  A-C    ٭           

Portland cement filler  ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭   ٭ ٭ ٭ ٭ 

Limestone filler     ٭          

Hydrated lime filler      ٭         

136 F/A ratio        ٭        

139 F/A ratio        ٭       

032 F/A ratio ٭ ٭ ٭ ٭ ٭ ٭   ٭ ٭ ٭ ٭ ٭ ٭ 

Fines below restricted zone ٭ ٭ ٭ ٭   ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ 

Fines through restricted zone         ٭      

Fines above restricted zone          ٭     

3111 PSi compaction effort   ٭     ٭ ٭ ٭ ٭ ٭    

4511 PSi compaction effort        ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ 

6111 PSi compaction effort ٭              

011 %  crushed agg. ٭  ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭ ٭   

51  %  crushed agg.             ٭  

1   %  crushed agg.                ٭ 
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Chart ( 3-4 ) Work Approach. 

 

 

3.4: Properties of Asphalt Concrete Mixtures 

 

3.4.0: Marshall Stiffness 

 

        A series of tests for Marshall stability, flow and density – voids analysis are 

carried out for selecting the optimum asphalt content for mixture. The Marshall 

stiffness is calculated as the ratio between Marshall stability and corresponding 

flow for the different mixtures.  

       In this work, four different asphalt cement contents of (00-20) penetration 

grade are used from 0.2 to ..2 percent (by weight of total mix) with an 

increment intervals of  2.0  percent.  

        The Marshall test results are shown in Table ( .-0), from which an optimum 

asphalt content of  2.2: is selected.    Increased values of Marshall stiffness have 

been obtained by using optimum asphalt content, hydrated lime filler , fine 

aggregate above restricted zone , 200 % crushed aggregate and 2.6 F/A ratio as 

shown in Figures ( .-2 ) to ( .-9 ) 
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          Table ( 3-4) Main Properties of Different Variables of  

Marshall Test specimens 

                   

MIXTURE 

B
U

LK
 G

. 

( 
gm

/c
m

^3
 )

 

TH
EO

R
ET

IC
A

L 

G
. (

 g
m

/c
m

^
3

 )
 

%
 A

IR
  

V
O

ID
S 

      

M
A

R
SH

A
LL

 

ST
A

B
IL

IT
Y

 (
 k

g 
) 

M
A

R
SH

A
LL

 

FL
O

W
 (

 m
m

 )
 

    

 

 

M
A

R
SH

A
LL

 

ST
IF

FN
ES

S 

( 
kg

/m
m

 )
 

    

N
O

. 

 

 

VARIABLE 

 

 

 

 

2 535 % A S C 2. 365 2. 470 4. 2 838 3. 8 221. 528 

6 435 % A S C 2. 313 2. 517 8. 05 605 3. 45 078. 261 

. 635 % A S C 2. 382 2. 436 2320 74339 4. 6 060. 707 

0 735 % A S C 2. 352 2. 412 2318 599. 97 5. 2 005. 38 

2 Portland cement  filler  2. 365 2. 470 4. 2 838 3. 8 221. 528 

2 Limestone dust filler 2. 383 2. 480 3. 8 865 3. 95 208. 987 

2 Hydrated lime filler 2. 373 2. 465 5. 2 935 3. 7 252. 712 

. 136 F/A ratio 2. 356 2. 468 7. 2 741 4. 5 064. 444 

8 139 F/A ratio 2. 362 2. 469 6 775 4. 3 081. 232 

2 032 F/A ratio 2. 365 2. 470 4. 2 838 3. 8 221. 528 

9 Fines through restricted zone 2. 372 2. 469 3. 6 939 3. 92 239. 54 

20 Fines above restricted zone 2. 381 2. 468 3. 0 893 3. 56 251. 842 
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2 Below restricted zone 2. 365 2. 470 4. 2 838 3. 8 221. 528 

2 011: Crusher aggregate 2. 365 2. 470 4. 2 838 3. 8 221. 528 

2. 51 % Crusher aggregate 2. 366 2. 475 3. 72 77439 434 0763003 

20 1 % Crusher aggregate 2. 367 2. 480 3. 09 762368 4. 63 0643725 
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                        Dust                       Cement                      Lime 
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Fig. ( 3-6 ) Marshall  Stiffness for Different Filler Type  
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 Fig. ( 3-5 ) Marshall Stiffness for Different Asphalt 

Cement Content  
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      Fig. ( 3-7 ) Marshall Stiffness for Different F/A Ratio  

Fig. ( 3-8 ) Marshall Stiffness for Different Fines Content  

 

M
ar

sh
al

l s
ti

ff
n

e
ss

 (
 k

g/
m

m
 )

 

 

M
ar

sh
al

l S
ti

ff
n

e
ss

 (
 K

g/
m

m
)

 

Fine Content % % 

F/A 



 

 71 

                          
0

50

100

150

200

250

-10 10 30 50 70 90 110

Crushed Percent ( % )

M
a

rs
h

a
ll

 S
ti

ff
n

es
s 

( 
k

g
/m

m
 )

مت    م1

 

 

 

 

 

3.4.2 : Uniaxial repeated Cyclic Creep Test 

 

         For evaluating the permanent strain with different asphalt concrete 

mixtures, uniaxial static repeated cyclic creep tests are conducted on mixes 

prepared with six main variables presented in Table ( .-. ). 

        Creep compliance as a function of loading time for mixtures with different 

variables increases as loading time increases for all mixtures and represented 

the reciprocal of mixture stiffness.  

        Figure ( .-20 ) shows a typical strain to a step removal of stress at time  

t=t2. Using the following notations: 

σ = Applied stress 

A = Instantaneous strain noted with ε0 ( mm/mm ) 

B = Delayed strain  

  Fig. ( 3-9 ) Marshall Stiffness for Different Surface Shape  
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C = Creep under constant stress noted with ε t ( mm/mm ) 

D = Instantaneous recovery noted with ε r (mm/mm ) 

E = Delayed recovery 

F = permanent incremental deformation noted with ε p (viscous) 

      ( mm/mm ) 

 

 

                        

           

 

 

 

 

                                                  Time 

 

 

 

Smix( t ) =  2-.    .………………………………………………         ــــــــــــــ 

 

Creep Compliance  =  6-.   ……………………………………… ـــــــــــــــ 

 

 

 

 

 
A 

 B 

 C 

 
D 

 
E 

 F 

St
ra
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 , 

ε
 

                    Figure ( 3-01 ) Typical Strain – Time Relation 

                                        ( Collop et al., 0992 ) 
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           Uniaxial  repeated static creep tests are conducted at three different 

temperatures ( 62, 00 and 20 ) ºC  with three different applied stresses (68, 22 

and 8.) KPa  in order to show the effect of variation in temperatures and stress 

on permanent deformation of asphalt paving mixture.  

          The main properties of the different mix as used in this work including bulk 

specific gravity, theoretical specific gravity and percent of air voids are shown in 

Table ( .-2 ), where creep test results ( recorded strain   corresponding   creep   

compliance   for   each   time  loading   and unloading ) are presented in 

appendix ( A ).  

          Decreased values of permanent strain ( increased in stiffness of mixture ) 

obtained by using  optimum asphalt content, hydrated lime filler , fine aggregate 

blow restricted zone , 200 % crushed aggregate, 2000 PSi compaction effort  

and 2.6 F/A ratio as shown in Figures  ( .-22 ) to ( .-66). 
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Table ( 3-5 ) Main Properties of Creep Test Specimens. 

 

MIXTURE 

B
U

LK
 G

. 

(g
m

 /
 c

m
^3

 )
 

TH
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R
ET

IC
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L 
G

.(
 g

m
 /
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m

^
3

 )
 

   

 

  %
 A

IR
 V

O
ID

ES
 

  

N
O

. 

 

 

VARIABLE 

                                                     

 

 

 

2 535 % Asphalt Cement Content 2. 371 2. 470 4. 18 

6 435 % Asphalt Cement Content 2. 310 2. 517 8. 2 

. 635 % Asphalt Cement Content 2. 316 2. 436 5. 33 

0 735: Asphalt Cement Content 2. 319 2. 412 3. 87 

2 Portland Cement ( Filler ) 2. 371 2. 470 4. 18 

2 Limestone Dust ( filler ) 2. 319 2. 480 6. 96 

2 Hydrated lime ( filler ) 2. 348 2. 465 4. 73 

. 136  F/A Ratio 2. 343 2. 468 5. 15 

8 139  F/A Ratio 2. 346 2. 469 4. 97 

2 032  F/A Ratio 2. 371 2. 470 4. 18 

9 Fines Through Restricted Zone  2. 374 2. 469 3. 84 

20 Fines Above Restricted Zone 2. 376 2. 468 3372 
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2 Fines Below Restricted Zone 2. 371 2. 470 4. 18 

22 3111  PSi Compaction Effort 2. 354 2. 479 5. 62 

26 4511  PSi Compaction Effort 2. 350 2. 473 4. 8 

2 6111  PSi Compaction Effort 2. 371 2. 470 4. 18 

2 011 % Crushed Agg. 2. 371 2. 470 4. 18 

2. 51 % Crushed Agg. 2. 310 2. 475 7. o0 

20 1 % Crushed Agg. 2. 286 2. 480 7. 85 
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Fig.(3-00) Strain-Time Relation for Different Asphalt cement content 
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Fig. ( 3-02 ) Creep Compliance-Time Relation for Different 

Asphalt Cement Content 
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       Fig. ( 3-04) Creep Compliance -Time Relation for Different Filler Type  
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Fig. ( 3-03) Strain-Time Relation for Different Filler Type  
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Fig. ( 3-05 ) Strain-Time Relation for Different F/A Ratio 
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Fig. ( 3-07) Strain -Time Relation for Different Restricted Zone   
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Fig.(3-08) Creep Compliance -Time Relation for 

Different Restricted Zone  
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Fig. ( 3-09) Strain -Time Relation for Different Compaction Effort  
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Fig.(3-21) Creep Compliance-Time Relation for Different Compaction Effort 
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Fig. ( 3-20) Strain-Time Relation for Different Crushed Aggregate Percent  
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Fig. (3-23) Strain - No. of Repetition Relation for Different Asphalt 

Cement Content  
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Fig.(3-24) Wheel Tracking Strain for Different Asphalt Cement Content  
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Fig. (3-25) Strain - No. of Repetition Relation for Different Filler Type  
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Fig. (3-26) Wheel Tracking Strain for Different Filler Type  
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Fig. (3-27) Strain - No. of Repetition Relation for Different F/A Ratio  
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Fig.(3-29) Strain - No. of Repetition Relation for Different Restricted Zone  
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Fig. (3-31) Wheel Tracking Strain for Different Restricted Zone  
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Fig. (3-32) Wheel Tracking Strain for Different Crushed Percent  
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       Thus, as final conclusions from the experimental work, the following 

points could be drawn: 

  

1. Marshall stiffness is increased when using crushed aggregate , hydrated 

lime according to the type of filler and decreased for asphalt cement 

higher than the optimum value. 

2. Using the  superpave suggested gradation below the restricted zone  

gives a good resistance of the asphalt mixtures to permanent 

deformation. 

3. Using hydrated lime gives less amount of permanent deformation as 

compared with other types of filler. 

 

       Thus, from a total of  96 samples prepared and tested for this work, the 

lower permanent deformation and higher Marshall stiffness mixture could be 

within  2.2 % asphalt cement content, 2.6 F/A ratio, fines below restricted 

zone and 200 % crushed aggregates could be treated as a standard mix and 

used to prepare the samples for repeated cyclic creep and recovery test to 

formulate the predicted model. 
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CHPTER FOUR 

MODELING OF RUTTING IN LOCAL  

ASPHALT PAVEMENT 

 

 

4. 0: Introduction 

        Permanent deformation in bituminous pavements is treated as a visco- 

elastic flow phenomenon or visco-plastic or combination of them. It is shown 

that for a linear visco-elastic system, permanent deformation is independent of 

the elastic parameters of the materials, but may be deduced from a linear 

elastic model supplied with viscose parameters. In visco-plastic, permanent 

deformation is a function of time, level of stress state, number of cycles and 

material parameters. The focus of the work is limited to predict permanent 

strain at intermediate and high temperatures. The visco-plastic material 

parameters could be evaluated from repeated cyclic creep and recovery test for 

a representative asphalt concrete mixture. 

        The model considers permanent strain of  asphalt concrete behavior over 

range of temperatures, number of load repetitions and levels stress pavement. 

It is designed to use in predicting permanent deformation in flexible pavements. 
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4. 2: Modeling of Permanent Strain 

 

       Two approaches exist to predict rutting as a result of densification and 

plastic flow. The first approach is mostly used in pavement design procedures 

and limits deformation to be below a specified failure limit ; these  models are 

not useful for performance  modeling because  of the  need  

to predict not to limit, but the trend for rutting is during the live of the 

pavement  (Paterson, 298.). The second approach predicts the trend of rutting 

during the live of pavement, and identifies the response of pavement to action 

of traffic, environment and maintenance. As such, the second approach is useful 

for pavement performance predictions.  

       A constitutive model was based on an extended form of the   ( David and 

Deen, 2980 ) and developed to be used for intermediate and high temperatures. 

This is conducted  by  using  repeated  cyclic  creep and recovery testes in order 

to characterize the local asphalt concrete. The specimens underwent for seven 

loading cycles, each cycle consisted of  2000 second of creep under constant 

stress followed by  2000 seconed of creep recovery. The test was performed at 

three stress levels, each of them was applied under three degrees of 

temperature in order to evaluate the visco-plastic material parameters.    

4. 2. 0: Mixture Building and Testing        

       The mixture consisted of  crushed gravel aggregate and  2.2 percent asphalt 

cement content with grade  00-20 ( AC – 60 ). The selected gradation of fine 

aggregate is below the restricted zone with air void content equal to 0.08 

percent and 2.6 F/A ratio ( used portland cement as filler ). This mixture which 
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was used to prepare the samples  was used  for testing . Three levels of stress 

state were selected under three degrees of temperature.  

       To build the proposed permanent strain model, a repeated cyclic creep and 

recovery test was conducted in order to characterize the asphalt concrete 

mixture. The obtained results were taken as an avarege of two samples as 

shown  in appendix A. Becouse of the most relaxation occurred at the initial 

loading, the first reading is taken after ( 2 sec loading, 20 sec rest ) as showed  in 

appendix a . 

 

     The procedure of this test is repeated for each of the selected three level of 

stress under each of the selected degrees of temperature in order to cover all 

the conditions concerned with stress state. The model could be applied to 

predict material behavior at other temperatures. The maximum degree of 

temperatue was selected as ( 20 °C ) due to the fast rate of failed samples in 

laboratory with temperatue highr than this value.   

         The permanent strain for each selected temperature under each of the 

three stress levels were plotted on log-log scale as shown in Figures ( 0-2 to 0-. ) 

as a function of accumulative time of cycles. 
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Fig. ( 4-0 ) Relationship Between Permanent Strain and Time of Cycles 

 for Different Levels of Stress at T= 252C 
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Fig. ( 4-2) Relationship Between Permanent Strain and Time of Cycles  

for Different Levels of Stress at T= 41°C  

Time  ( Sec ) 

P
e

rm
an

e
n

t 
St

ra
in

 
 

Fig. (4-3 ) Relation ship Between Permanent Strain and Time of Cycles 

for Different Levels of Stress at T= 51 °C  
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4. 2. 2: Theoretical Formulation 

 

      Depending on the obtained data from the repeated cyclic creep and 

recovery test as showed in appendix a, the permanent strains after initial 

loading were  plotted  on  log-log  scale as a function of temperature and stress 

state as shown in Figure (0-0). 
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         To determine  the  form of this  interdependency  from  each  test was  

plotted in Figure (0-0), the relationship between stress and permanent strain 

appeared to be linear. Therefore, the logarithmic slopes of the lines in Figure (0-

0) were plotted as a function of temperature as illustrated in Figure (0-2).                                                                  

A linear regression analysis of the data plotted in Figure(0-2) yielded the  
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following relationship:  

 

           

                     

R
2
 = 0.99

ds/dT = 1.75 - 0.0083 T

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 20 40 60 80 100 120 140

 

ds/dT = 2..2 – 0.008.T  …………………………………………………0- 2 

in which 

ds/dT=  logarithmic slope of permanent strain versus stress curves and 

T =  temperature ( F ). 

         Also, the curves in Figuer (0-0) could be  extraplotted to a stress of   (2 psi) 

and those intersected values ( b )  with Y-axis in which, it is represented by the 

permanent strain are plotted as a function of temperature, as shown in  Figure 

(0-2). A non-linear regression analysis performed on these data indicated that 

logarithm of the intersection values varied with temperature according to the 

following equation:  
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db/dT = -0.000.09 T6 + 0.20.9 T – 22..82 …………………………….  0-6           

In which: 

           db/dT = log of the intersection values with permanent strain axis ( b ),    

            T =  temperature ( F ).   

       If equations (0-2) and (0-6) are combined, the form of  C can be determined 

:  

              

C = db/dT + [(ds/dT) log σ]  ( David and Deen, 2980 ) ………………...0-. 

in which:  

             σ = stress ( psi ), or 

Temperature ( °F ) 

Lo
g 

 o
f 

 b
 

Fig. (4-6) Relationship between log of  b and temperature 
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Equation (0-.) can be rearranged and becomes  

 

 

C = (- 0.000.09 T6 + 0.20.9 T-22..82) + [( 2..2 - 0.008. T) log σ]…..0-0 

 

      

      The permanent deformation characteristics of asphalt concrete under 

repeated creep and recovery test could be represented by using a linear relation 

between the plastic strain and the number of repetition on a log – log scale( 

Nahla, 6002).Therefor the term represents the relation between the plastic 

strain and the number of repetition in David model can be replaced by a linear 

relation (  S log N  ) thus, the general form of the modified model is: 

 

   

        log εp = C + S log N  ………………………………………………0-2 

 

 

In which: 

       εp = Permanent Strain (mm/mm). 

       C  = Function of Temperature , Stress state and mixture properties. 

       S =  log slope of permanent deformation and time curve. 

       N = Number of load repitations. 
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      Equation (0-2) describes the permanent strain of the mixture as a function 

of stress state, temperature, mixture properties and number of stress 

repetitions. 

      

 

4. 2. 3: Pavement Structure and Loading 

     The pavement structure used in this work consisted of five layers , each layer 

material was defined  by elastic modulus and poisson's ratio as shown in Table ( 

0-2 ). The analysis of loading is conducted for tandem axle with dule tires and 

with contact pressure equal to ( 90 Psi ). For example,the cross section of 

pavement structure is presented in Figure ( 0-. ). 

Table ( 4-0 ) Characterstics of Pavement Structure. 

Name of Layers Number of 

Layers              

Thickness of 

Layers (in) 

Elastic Modulus 

(Psi)  

Poisson's Ratio 

Surface 2 6 401111 1331 

Binder 6 6.8 338111 1335 

Base . 0 242111 1335 

Subbase 0 22 05111 1335 

Subgrade 2 

 

∞ 7511 1345 
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     Figure ( 4-7) Cross section in pavement Strcture. 
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4. 234 : Pavement Temperature  

       The air temperature data are used to account for the effect of temperature 

on moduli of asphalt mixtures. The relationship between the mean pavement 

temperature Mp and mean monthly air temperature Ma is based on the depth 

below pavement surface ( Yang, 299. ), equation reresent this relation is: 

   

      Mp = Ma  ( 2+  ) -            +2   ………………………………. 0-2 

 

 

In which: 

           Z = the depth below surface in inches. 

           Mp = the mean pavement temperature ( °F ). 

           Ma = the mean monthly air temprature ( °F ). 

 

      The monthly air temperatures are presented in table ( 0-2 ), The mean 

annual air temperatures ( MAAT ) is computed as avarege for three seasons, 

then converted it to mean pavement temperature by equation ( 0- 2 ) for 

surface layer ( z = 0 ).  
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.. 
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.6 

60 

2. 

29.9 

22.6 

.2.6 

92.0 

200.0 

20..2 

222.2 

228.0 

200 

89.2 

.2.6 

26.2 

MAAT = .2.00 °C ( 98 °F ) 

*Mean pavement temperature = 08.8 °C ( 260  °F )  

 

*[Computed by using equation ( 0-2 )] 
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4. 3: Application of the Proposed Model 

 

       The final form of the modified  model is: 

      

        log εp = C + S log N   

 

where: 

         εp = Permanent Strain (mm/mm). 

         C  = Function of Temperature ,Stress state and mixture properties. 

         S =  log slope of permanent deformation and time curve. 

         N = Number of load repitations. 

  

       As mentioned perviously, this model applied to structure pavement 

consisting of five layers. The magnitude of the vertical stress at the selected 

point, such as point ( 2 ) on the centre line of the loaded area can be obtained 

using KENLAYER software as shown in appendix C.  The temperature slected 

represents the mean annual air temperature which is .2.00 °C and converted 

to mean pavement temperature which equal 08.8 °C . All information about 

pavement structure, axle load and run  of KENLAYER software are presented in 

appendix C. The accumulative permanent deformations along vertical line 

under one wheel of the dual wheel are presented in table ( 0-. )by using 

equation ( 0-2 ) as a function of a number of load repetitions.  
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Table ( 4-3 ) The accumulative permanent strain. 

 

 

 

 

 

 

 

 

                 

 

 

 

                  

 

      To calculate rut depth, the magnitude of permanent strain is multiplied by 

the thickness of layer, thus, the predicted  value of rut  depth in one year for the 

( 200 ) mm wearing surface layer under  2x20. load repetitions is equal to 2..2 

mm. 

 :C :Computed from equation (0-0) and equal to ٭

   C = (- 0.000.09 T6 + 0.20.9 T-22..82) + [( 2..2 - 0.008. T) log σ]  

   By substituted T ≈ 20 °C ( 266 °F ) and σ = 92.2. PSi ( KENLAYER ) 

   C = -6.002 

 

C = -6.002 

S = 0.662 

Load Repetitions εp (N) 

2 ..26*20^-. 

20 2.09*20^-. 

200 2.06*20^-6 

2000 2..2*20^-6 

20000 ..20*20^-6 

200000 0.80*20^-6 

2000000 8.09*20^-6 

20000000 2..2*20^-6 

 

  CHAPTER  4                                                      Modeling of Rutting 

 



 

 115 

 

 

530: Conclusions 

        According to the materials used in this work and within the limitation of 

the testing program, the following results are concluded: 

1. The general form of the modified del is to be: 

               log εp = C + S log N 

         and 

        db/dT = [-0.000.09 T6 + 0.20.9 T – 22..82] and  

    ds/dT = 2..2 – 0.008.T  

This model appeared to provide an estimation of permanent          

deformation depending  on asphalt concrete properties, state of stress,  

load repetitions and degree of temperature. 

2. As for the same asphalt mixture, the slope ( db/dT ) of the modified 

model  is proportional with the degree of temperature. The magnitude 

of the slope is equal to (- 2.02.), (-0..20) and (-..90.) for degrees of 

temperature (62 )°C, (00) °C and (20) °C respectively. 

3. The modified model for predicting permanent deformation in flexible 

paving mixtures will provide a suitable mean for predicting rutting 

distress required in the process of design and construction of asphalt 

pavements. The form of rut depth equals to: 

                RD = ∑ pi . hi   
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          Where: 

                    RD = Rut depth (mm). 

                    ∑ pi = Permanent strain (mm/mm). 

                     hi =  Thickness of layer (mm). 

 

4. The temperature has a significant effect on the permanent deformation. 

Approximately, the permanent deformation at (20 °C)  will be increased 

to( 9 ) times the permanent deformation at (62 °C). 

5. In flexible pavements, permanent deformation ( rutting ) is increased 

when using an asphalt with higher binder content, less stability and 

greater thickness. 

 

5. 2: Recommendations for Further Work 

 

    On the basis of this study, it is  recommended that:  

1. The states of stresses  under which permanent deformation 

characteristics of materials are obtained in the laboratory could be 

extended to duplicate the states of stress that are encountered within 

the entire rutting zone, in particular where the shear stress is relatively 

greater than the normal stresses. 

2. Evaluation of the effect of some additives on the performance of the 

flexible pavements to rutting using the proposed model can be 

investigated. 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

3.1643 

 

2.9257 

 

2.7872 

 

2.5793 

 

2.3417 

 

1.9781 

 

1.2971 

Loading 

1 

3.4217 3.3217 3.1436 2.9159 2.6387 2.1951 1.1891 111 

3.4791 3.4119 3.2131 2.9951 2.6981 2.3331 1.5841 251 

3.5583 3.4613 3.2426 3.1545 2.7575 2.4411 1.8811 511 

3.5781 3.4911 3.2525 3.1941 2.8169 2.4711 2.1491 751 

3.5979 3.5395 3.2723 3.1238 2.8664 2.5216 2.1571 1111 

 

3.4989 

 

3.4415 

 

3.1831 

 

3.1347 

 

2.7773 

 

2.4517 

 

2.1581 

Unloading 

1 

3.2613 3.1139 2.9851 2.7872 2.5299 2.5227 1.6811 111 

3.2118 3.1445 2.8861 2.7674 2.5111 2.1933 1.8211 251 

3.1821 3.1247 2.8169 2.7476 2.4615 2.1735 1.8151 511 

3.1623 2.9851 2.7871 2.6981 2.4615 2.1636 1.7918 751 

3.1623 2.9653 2.7673 2.6486 2.4615 2.1537 1.7819 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

11.1125 

 

11.6113 

 

11.1985 

 

9.3452 

 

8.4844 

 

7.1666 

 

1.1761 

Loading 

1 

12.3938 12.1351 11.3898 11.5648 9.5615 7.9528 3.9456 111 

12.6154 12.3221 11.6151 11.8518 9.7757 8.4528 5.7391 251 

12.8923 12.5373 11.7485 11.1671 9.9919 8.8442 6.8152 511 

12.9641 12.6449 11.7844 11.2115 11.2161 8.9528 7.4239 751 

13.1358 12.8242 11.8561 11.3181 11.3855 9.1326 7.8152 1111 

 

12.6771 

 

12.4655 

 

11.5329 

 

11.9952 

 

11.1626 

 

8.8793 

 

7.4565 

Unloading 

1 

11.8163 11.2461 11.8155 11.1985 9.1663 8.1619 6.7391 111 

11.6369 11.1317 11.4568 11.1268 9.1583 7.9467 6.5942 251 

11.5293 11.9591 11.1699 9.9551 8.9148 7.8751 6.5398 511 

11.4576 11.8155 11.1981 9.7757 8.9148 7.8391 6.4884 751 

11.4576 11.7438 11.1264 9.5963 8.9148 7.8132 6.4525 1111 

Permanent 

Strain * 01^-

3 

No. of 

Repetition 

Results of Repeated Creep Test for Mix No. 0 

T = 25 ° C ,  σ = 4  PSI 

APPENDEX   A                                                                                                      A0 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 
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Cycle No. 

 

 Time(sec)      

Results of Repeated Creep Test for Mix No. 0 

T = 25 ° C ,  σ = 8  PSI 
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7.4321 

 

7.1279 

 

6.5951 

 

6.1911 

 

5.6966 

 

4.9492 

 

2.1211 

Loading 

1 

8.1982 7.6542 7.3122 6.9183 6.4441 5.6967 3.1715 111 

8.1593 7.7148 7.4131 7.1193 6.5451 5.8583 4.3634 251 

8.1997 7.7552 7.4637 7.1111 6.6361 5.9997 4.9494 511 

8.2199 7.7855 7.5141 7.1718 6.6966 6.1916 5.3229 751 

8.2411 7.8157 7.5431 7.2111 6.7769 6.1613 5.4744 1111 

 

8.1391 

 

7.6744 

 

7.4218 

 

7.1111 

 

6.6961 

 

6.1613 

 

5.2522 

Unloading 

1 

8.6745 7.4321 6.9778 6.6456 6.2618 5.7775 4.9492 111 

7.5937 7.3916 6.9269 6.5749 6.1911 5.7168 4.8881 251 

7.5735 7.3512 6.9168 6.5345 6.1416 5.6158 4.8482 511 

7.5535 7.3411 6.8764 6.4941 6.1116 5.5956 4.7876 751 

7.5432 7.7331 6.8663 6.4891 6.1851 5.5855 4.7775 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

13.4637 

 

12.7317 

 

11.9474 

 

11.2155 

 

11.3199 

 

8.9659 

 

3.6594 

Loading 

1 

14.6716 13.8663 13.2467 12.5331 11.6741 11.3211 5.7196 111 

14.7813 13.9761 13.4114 12.7161 11.8571 11.6128 7.9147 251 

14.8545 14.1492 13.5211 12.8625 12.1217 11.8691 8.9663 511 

14.8911 14.1141 13.5943 12.9915 12.1315 11.1336 9.6429 751 

14.9277 14.1417 13.6648 13.1454 12.2769 11.1617 9.9173 1111 

 

14.7447 

 

13.9128 

 

13.4452 

 

12.8625 

 

12.1316 

 

11.9788 

 

9.5148 

Unloading 

1 

13.9131 13.4637 12.6419 12.1391 11.3438 11.4664 8.9659 111 

13.7567 13.3915 12.5487 11.9111 11.2157 11.3384 8.8551 251 

13.7211 13.3173 12.5314 11.8378 11.1242 11.1735 8.7829 511 

13.6838 13.2991 12.4572 11.7646 11.1518 11.1369 8.6731 751 

13.6652 13.2817 12.4387 11.7554 11.1235 11.1186 8.6548 1111 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 0 

T = 25 ° C ,  σ = 02  PSI 

APPENDEX   A                                                                                                      A3 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

7.7895 

 

7.2995 

 

6.9595 

 

6.5595 

 

6.1795 

 

5.4111 

 

2.5111 

Loading 

1 

8.3895 8.1895 7.6695 7.2595 6.7595 6.1111 4.4111 111 

8.5895 8.2695 7.7595 7.3895 6.8995 6.1811 4.9111 251 

8.6795 8.3595 7.8595 7.4895 7.1395 6.3811 5.3811 511 

8.7295 8.4195 7.9295 7.5795 7.1495 6.5111 5.6211 751 

8.7695 8.4795 7.9795 7.6295 7.1995 6.6111 5.8411 1111 

 

8.6895 

 

8.3995 

 

7.9195 

 

7.5395 

 

7.1595 

 

6.4411 

 

5.7111 

Unloading 

1 

8.6485 7.8995 7.4395 7.1295 6.6795 6.1111 5.3811 111 

8.6295 7.8195 7.3395 6.9995 6.5795 6.1911 5.3111 251 

8.6181 7.7195 7.2695 6.9195 6.5195 6.1311 5.2311 511 

8.6113 7.7195 7.2295 6.8845 6.4595 5.9951 5.2111 751 

8.5997 7.6895 7.2195 6.8595 6.4395 5.9795 5.1811 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

9.4176 

 

8.8158 

 

8.4151 

 

7.9221 

 

7.3424 

 

6.5217 

 

3.1193 

Loading 

1 

11.1322 9.8917 9.2626 8.7675 8.1636 7.2463 5.3141 111 

11.3737 9.9873 9.3713 8.9245 8.3327 7.4637 5.9178 251 

11.4824 11.1961 9.4921 9.1452 8.5118 7.7153 6.4975 511 

11.5428 11.1684 9.5766 9.1539 8.6346 7.8512 6.7874 751 

11.5911 11.2419 9.6371 9.2143 8.6951 7.9711 7.1531 1111 

 

11.4945 

 

11.1443 

 

9.5646 

 

9.1156 

 

8.5259 

 

7.7777 

 

6.8841 

Unloading 

1 

11.4454 9.5414 8.9849 8.6115 8.1671 7.3671 6.4975 111 

11.4221 9.4438 8.8641 8.4535 7.9462 7.3551 6.4119 251 

11.4192 9.3119 8.7795 8.3568 7.8617 7.2826 6.3164 511 

11.3868 9.3119 8.7312 8.3146 7.8113 7.2413 6.2811 751 

11.3861 9.2868 8.7171 8.2844 7.7773 7.2216 6.2561 1111 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

7.7919 

 

7.6424 

 

7.2861 

 

6.8314 

 

6.3958 

 

5.3171 

 

3.1683 

Loading 

1 

8.1368 7.9988 7.6424 7.1482 6.7126 5.8971 4.2277 111 

8.2553 7.1374 7.7811 7.3462 6.8116 6.2131 4.5945 251 

8.2751 8.1771 7.8414 7.4452 6.9711 6.4552 4.8821 511 

8.3148 8.2364 7.8811 7.5146 7.1691 6.5938 5.1351 751 

8.3345 8.2761 7.9394 7.5442 7.1681 6.6136 5.4373 1111 

 

8.1365 

 

8.1374 

 

7.8118 

 

7.4452 

 

6.9711 

 

6.3562 

 

5.2254 

Unloading 

1 

7.9781 7.9394 7.6523 7.2274 6.7126 6.2374 5.1178 111 

7.9187 7.8612 7.6128 7.1681 6.6731 6.2176 5.1932 251 

7.8791 7.8216 7.5632 7.1284 6.6331 6.1978 5.1811 511 

7.8295 7.7414 7.5223 7.1186 6.5938 6.1781 5.1651 751 

7.7899 7.6919 7.5138 7.1881 6.5542 6.1611 5.1531 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

28.2278 

 

27.6898 

 

26.3985 

 

24.7514 

 

23.1731 

 

19.2286 

 

11.4793 

Loading 

1 

29.4811 28.9811 27.6898 25.8992 24.3213 21.3663 15.3177 111 

29.9115 29.4833 28.1921 26.6166 24.6797 22.5112 16.4655 251 

29.9822 29.6268 28.4172 26.9753 25.2536 23.3884 17.6887 511 

31.1898 29.8421 28.5517 27.1915 25.6123 23.8915 18.6151 751 

31.1974 29.9855 28.7659 27.3341 25.9711 23.9623 19.7113 1111 

 

29.4782 

 

29.4833 

 

28.2637 

 

26.9753 

 

25.2536 

 

23.1297 

 

18.9326 

Unloading 

1 

28.9161 28.7659 27.7257 26.1862 24.3211 22.5992 18.5427 111 

28.6919 28.4789 27.5463 25.9711 24.1775 22.5275 18.4536 251 

28.5474 28.3355 27.4128 25.8275 24.1326 22.4557 18.4161 511 

28.3677 28.1485 27.2547 25.7557 23.8915 22.3841 18.3518 751 

28.2242 27.8692 27.1876 25.6811 23.7471 22.3188 18.3183 1111 

Results of Repeated Creep Test for Mix No. 0 

T = 41 ° C ,  σ = 4  PSI 
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Accum. Strain *24^-3 ( mm/mm ) 
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Cycle No. 

 

 Time(sec)      

Results of Repeated Creep Test for Mix No. 0 

T = 41 ° C ,  σ = 8  PSI 
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8.7311 

 

8.5111 

 

8.1361 

 

7.3812 

 

7.1111 

 

6.2111 

 

3.4111 

Loading 

1 

8.9657 8.9111 8.5911 8.1251 7.4611 6.7111 4.4111 111 

9.2231 8.9711 8.7361 8.2278 7.5611 6.9211 5.5811 251 

9.4211 9.1311 8.7961 8.3613 7.6911 7.1811 6.1111 511 

9.5812 9.1811 8.8361 8.4211 7.7311 7.1611 6.4111 751 

9.9312 9.1211 8.8571 8.4611 7.8111 7.3111 6.7111 1111 

 

9.6521 

 

8.9611 

 

8.6761 

 

8.2211 

 

7.5611 

 

7.1611 

 

6.2111 

Unloading 

1 

9.4513 8.7611 8.2961 7.8611 7.3111 6.7611 6.1111 111 

9.2511 8.6621 8.2561 7.8211 7.2211 6.6611 5.9411 251 

9.1533 8.6271 8.2131 7.7611 7.1235 6.5811 5.9111 511 

9.1921 8.5761 8.1751 7.7211 7.1811 6.4811 5.8611 751 

9.1751 8.5411 8.1711 7.7151 7.1611 6.4211 5.8311 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

15.8171 

 

15.4184 

 

14.5579 

 

13.3717 

 

12.8623 

 

11.2318 

 

6.1594 

Loading 

1 

16.2422 16.1431 15.5615 14.5382 13.5144 12.1376 7.9711 111 

16.7183 16.2518 15.8261 14.9154 13.6956 12.5362 11.1186 251 

17.1672 16.3615 15.9347 15.1472 13.9311 12.8261 11.1517 511 

17.3554 16.4511 16.1172 15.2536 14.1136 12.9711 11.5942 751 

17.9913 16.5235 16.1452 15.3261 14.1314 13.2246 12.1376 1111 

 

17.4856 

 

16.2336 

 

15.7153 

 

14.8913 

 

13.6956 

 

12.7898 

 

11.2318 

Unloading 

1 

17.1211 15.8714 15.1289 14.2391 13.2246 12.2463 11.8695 111 

16.7592 15.6921 14.9565 14.1666 13.1797 12.1652 11.7618 251 

16.5821 15.6286 14.8786 14.1579 12.9148 11.9212 11.6884 511 

16.4711 15.5362 14.8197 13.9855 12.8278 11.7391 11.6159 751 

16.4412 15.4711 14.8125 13.9764 12.7918 11.6314 11.5615 1111 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 0 

T = 41 ° C ,  σ = 02  PSI 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

11.2561 

 

11.1929 

 

9.8389 

 

8.9892 

 

7.8312 

 

6.8467 

 

4.7755 

Loading 

1 

11.6614 11.9146 11.2869 9.5155 8.5118 7.6118 5.6938 111 

11.9176 11.4215 11.4151 9.6789 8.9587 7.8138 6.5111 251 

12.1154 11.8151 11.5723 9.8111 9.2136 8.1135 6.9183 511 

12.2558 12.1553 11.6623 9.9847 9.3156 8.1937 7.1416 751 

12.3272 12.1591 11.8151 11.2411 9.5196 8.2512 7.1834 1111 

 

12.1394 

 

11.937 

 

11.6414 

 

11.1567 

 

9.3168 

 

8.1215 

 

6.9181 

Unloading 

1 

11.8593 11.4518 11.2837 9.6844 8.8654 7.8466 6.5518 111 

11.8131 11.1515 11.1776 9.6131 8.7539 7.7132 6.4692 251 

11.7768 11.1419 11.1164 9.5215 8.6733 7.5991 6.4498 511 

11.7497 11.9783 11.1456 9.4617 8.6177 7.5532 6.4277 751 

11.7221 11.9111 11.1152 9.4199 8.5723 7.4931 6.4198 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

13.5943 

 

12.3112 

 

11.8827 

 

11.8565 

 

9.4567 

 

8.2689 

 

5.7675 

Loading 

1 

14.1826 13.1698 12.4237 11.4811 11.2799 9.1819 6.8765 111 

14.3811 13.7941 12.5665 11.6894 11.8196 9.4248 7.8624 251 

14.6211 14.2573 12.7684 11.8371 11.1154 9.7868 8.3553 511 

14.8116 14.5595 12.8771 12.1588 11.2386 9.8957 8.5131 751 

14.8879 14.6847 13.1496 12.3671 11.4851 9.9641 8.6756 1111 

 

14.5413 

 

14.4166 

 

12.8519 

 

12.1457 

 

11.2411 

 

9.6865 

 

8.3551 

Unloading 

1 

14.3228 13.8316 12.4199 11.6961 11.7171 9.4765 7.9115 111 

14.2551 13.4667 12.2917 11.5979 11.5723 9.3154 9.8129 251 

14.2231 13.3356 12.2157 11.4993 11.4751 9.1776 7.7896 511 

14.1914 13.2588 12.1323 11.4259 11.3957 9.1222 7.7629 751 

14.1571 13.1643 12.1956 11.3646 11.3531 9.1496 7.7533 1111 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.8311 

 

8.8411 

 

8.2191 

 

7.7131 

 

7.1321 

 

6.2511 

 

3.4111 

Loading 

1 

9.1511 9.1311 8.4511 7.9521 7.3198 6.5511 5.7411 111 

9.2311 9.1511 8.6371 8.1511 7.5111 6.7511 6.1111 251 

9.3311 9.2411 8.8197 8.2538 7.6511 6.8811 6.1811 511 

9.3911 9.3611 8.8711 8.3179 7.7211 7.1321 6.4111 751 

9.4911 9.4251 8.9535 8.3521 7.8131 7.1159 6.5511 1111 

 

9.3111 

 

9.1611 

 

8.8411 

 

8.2197 

 

7.6557 

 

6.9453 

 

6.3911 

Unloading 

1 

9.2111 8.9121 8.7211 8.1837 7.5351 6.8131 6.2511 111 

9.1711 8.8531 8.6591 7.9831 7.4825 6.7583 6.1188 251 

9.1511 8.8111 8.5911 7.9321 7.4453 6.7243 6.1194 511 

9.1441 8.7511 8.5586 7.9125 7.4278 6.7153 5.9351 751 

9.1221 8.7111 8.5421 7.8911 7.4123 6.6912 5.8831 1111 

 

Creep Complance *24^-5 ( 1/Kpa ) 

 

 

31.9927 

 

32.1289 

 

29.7427 

 

27.9461 

 

25.4782 

 

22.6449 

 

12.3188 

Loading 

1 

33.1521 32.7173 31.6159 28.8119 26.4847 23.7318 21.7971 111 

33.4421 33.1521 31.2938 29.5289 27.1739 24.4565 21.7391 251 

33.8143 33.4822 31.9192 29.9151 27.7173 24.9275 22.3913 511 

34.1217 33.9131 32.1376 31.1111 27.9711 25.4782 23.1884 751 

34.3841 34.1489 32.4412 31.2612 28.2721 25.7461 23.7318 1111 

 

33.7318 

 

32.8261 

 

32.1329 

 

29.7815 

 

27.6184 

 

25.1641 

 

23.1521 

Unloading 

1 

33.3695 32.2912 31.5942 29.2887 27.3111 24.6851 22.6449 111 

33.2246 32.1764 31.3735 28.9242 27.1115 24.4865 22.1695 251 

33.1521 31.9239 31.1231 28.7394 26.9757 24.3634 21.8111 511 

33.1314 31.7128 31.1194 28.6322 26.9123 24.2945 21.5139 751 

33.1517 31.5615 31.9496 28.5869 26.8561 24.2398 21.3152 1111 

Results of Repeated Creep Test for Mix No. 0 

T = 51 ° C ,  σ = 4  PSI 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

11.2199 

 

11.3399 

 

9.5711 

 

8.8116 

 

7.9711 

 

6.8711 

 

3.8111 

Loading 

1 

11.3587 11.1991 11.2711 9.5616 8.7716 7.7511 5.3211 111 

11.4697 11.2399 11.4311 9.7216 8.9816 7.8911 5.9211 251 

11.5299 11.4991 11.7111 9.9816 9.2116 8.2311 6.5411 511 

11.6151 11.6195 11.8111 11.1716 9.2816 8.3911 7.1211 751 

11.6625 11.6287 11.8411 11.1116 9.3116 8.4511 7.4111 1111 

 

11.5831 

 

11.4295 

 

11.5999 

 

9.8411 

 

9.1916 

 

8.2711 

 

7.1211 

Unloading 

1 

11.4793 11.1197 11.2199 9.4811 8.8166 7.8211 6.7411 111 

11.4383 11.9885 11.1799 9.4411 8.7616 7.7811 6.6811 251 

11.4197 11.9173 11.1199 9.3711 8.7116 7.7411 6.6211 511 

11.3985 11.8799 11.1799 9.3251 8.6416 7.7111 6.5811 751 

11.3832 11.8287 11.1399 9.2711 8.6116 7.6911 6.5411 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

21.3177 

 

18.7317 

 

17.3369 

 

15.9431 

 

14.4384 

 

12.4456 

 

8.8841 

Loading 

1 

21.5773 21.1168 18.6151 17.3199 15.8887 14.1398 9.6394 111 

21.7613 21.3621 18.8949 17.6197 16.2692 14.2934 11.7246 251 

21.8875 21.8315 19.4121 18.1817 16.6677 14.9194 11.4878 511 

21.1237 21.1317 19.5652 18.2438 16.8126 15.1992 12.8985 751 

21.1277 21.1664 19.6376 18.2981 16.8489 15.3179 13.4157 1111 

 

21.9838 

 

21.7156 

 

19.2127 

 

17.8261 

 

16.4684 

 

14.9818 

 

12.8985 

Unloading 

1 

21.7958 19.9451 18.5143 17.1739 15.9539 14.1661 12.2111 111 

21.7215 19.9167 18.4418 17.1114 15.8716 14.1942 12.1114 251 

21.6878 19.7596 18.3331 16.9746 15.76191 14.1217 11.9927 511 

21.6494 19.7199 18.2616 16.8931 15.6532 13.9673 11.9212 751 

21.6217 19.6172 18.1882 16.7934 15.5817 13.9311 11.8478 1111 

Results of Repeated Creep Test for Mix No. 0 

T = 51 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A9 
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Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 0 

T = 51 ° C ,  σ = 02  PSI 



 

 122 

 

 

 

 

 

 

 

 

 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

12.6911 

 

11.5891 

 

11.8511 

 

11.1311 

 

8.8311 

 

7.7651 

 

4.511 

Loading 

1 

12.8911 12.1211 11.4321 11.6511 9.6351 8.6592 6.1121 111 

13.1511 12.4111 11.6171 11.8511 11.1231 8.8375 6.7531 251 

14.1111 12.6811 11.6991 11.1521 11.4321 8.9151 7.1111 511 

14.3311 12.7611 11.8631 11.2815 11.5411 8.9611 7.4211 751 

14.5711 13.1111 11.9351 11.3511 11.6211 9.1135 7.7521 1111 

 

14.3911 

 

12.9111 

 

11.7511 

 

11.1156 

 

11.4111 

 

8.9217 

 

7.5581 

Unloading 

1 

14.3581 12.4211 11.5199 11.7381 9.9211 8.6259 7.4589 111 

14.2781 12.3611 11.4511 11.5981 9.8711 8.5232 7.4211 251 

14.2181 12.2811 11.3992 11.5211 9.7811 8.4899 7.3873 511 

14.1981 12.2311 11.3387 11.4811 9.7211 8.4523 7.3598 751 

14.1781 12.2111 11.2854 11.4411 9.6911 8.4211 7.3211 1111 

 

Creep Compliance *24^-5 ( 1/Kpa 

 

 

15.3261 

 

13.9964 

 

13.1151 

 

12.1135 

 

116642 

 

9.3781 

 

5.4341 

Loading 

1 

15.5676 14.5169 13.8167 12.8623 11.6365 11.4579 7.2489 111 

15.7618 14.9758 14.1182 13.1151 12.1151 11.6733 8.1559 251 

16.9212 15.3141 14.1293 13.4687 125991 11.7549 8.4673 511 

17.3167 15.4116 14.3274 13.6251 12.7294 11.8213 8.9625 751 

17.5966 15.8212 14.4143 13.7177 12.8261 11.9945 9.3624 1111 

 

17.3792 

 

15.5797 

 

14.1919 

 

13.2917 

 

12.5615 

 

11.7751 

 

9.1281 

Unloading 

1 

17.3415 15.1111 13.9129 12.9685 11.9816 11.4177 9.1183 111 

17.2439 14.9275 13.8286 12.7996 11.9212 11.2937 8.9614 251 

17.1714 14.8319 13.7671 12.7154 11.8115 11.2535 8.9218 511 

17.1473 14.7715 13.6941 12.6571 11.7391 11.2181 8.8881 751 

17.1231 14.7463 13.6297 12.6181 11.7128 11.1692 8.8417 1111 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 2 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A01 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.9551 

 

8.6351 

 

8.2811 

 

7.8399 

 

7.2938 

 

6.5294 

 

3.5431 

Loading 

1 

9.1511 8.8553 8.4611 8.1353 7.6881 7.1985 4.5881 111 

9.2498 8.9822 8.6178 8.3597 7.9135 7.3176 5.6923 251 

9.3398 9.1111 8.7251 8.5911 8.1139 7.4794 6.2511 511 

9.4311 9.1599 8.8199 8.6887 8.1173 7.5611 6.5711 751 

9.5422 9.2241 8.8675 8.7241 8.1458 7.6111 6.9214 1111 

 

9.3991 

 

9.1678 

 

8.7521 

 

8.5371 

 

7.8831 

 

7.3958 

 

6.4355 

Unloading 

1 

9.3121 8.9433 8.6139 8.3855 7.7115 7.1799 6.2478 111 

9.2875 8.8651 8.5982 8.1598 7.6325 6.9531 6.1831 251 

9.2751 8.7997 8.5113 8.1671 7.5521 6.8439 6.1489 511 

9.2711 8.7632 8.4599 8.1235 7.5359 6.8121 6.1131 751 

9.2687 8.7454 8.4231 7.9921 7.5131 6.7987 6.1993 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.2231 

 

15.6432 

 

15.1119 

 

14.2127 

 

13.2134 

 

11.8284 

 

6.4186 

Loading 

1 

16.5761 16.1422 15.3261 14.7378 13.9277 12.8596 8.3117 111 

16.7568 16.2721 15.6119 15.1443 14.3179 13.2565 11.3121 251 

16.9199 16.4856 15.8163 15.5635 14.4998 13.5496 11.3244 511 

17.1853 16.5941 15.9781 15.7413 14.7152 13.6956 11.9121 751 

17.2865 16.7111 16.1643 15.8145 14.7568 13.7862 12.5387 1111 

 

17.1273 

 

16.4271 

 

15.8552 

 

15.4657 

 

14.2819 

 

13.3981 

 

11.6585 

Unloading 

1 

16.8516 16.2116 15.6148 15.1911 13.9511 12.8259 11.3184 111 

16.8251 16.1599 15.5764 14.7822 13.8269 12.5961 11.2112 251 

16.8127 15.9414 15.3991 14.6141 13.6813 12.3983 11.1393 511 

16.7934 15.8753 15.3259 14.5353 13.6519 12.3226 11.1744 751 

16.7911 15.8431 15.2592 14.4787 13.6116 12.3164 11.1495 1111 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

APPENDEX   A                                                                                                      A00 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

9.2111 

 

8.7925 

 

8.5691 

 

7.8439 

 

7.3115 

 

6.5881 

 

3.6521 

Loading 

1 

9.3995 8.9232 8.7399 8.1551 7.7115 7.1151 4.7711 111 

9.5119 9.1256 8.9115 8.5968 7.9238 7.3588 5.8351 251 

9.6321 9.2325 8.9932 8.7931 8.1198 7.5532 6.3378 511 

9.7129 9.3551 9.1876 8.8213 8.1353 7.6133 6.6342 751 

9.7221 9.4299 9.1235 8.9552 8.1651 7.6591 6.9688 1111 

 

9.6151 

 

9.2598 

 

8.9711 

 

8.7251 

 

7.9121 

 

7.4399 

 

6.4852 

Unloading 

1 

9.5593 9.1321 8.8192 8.5398 7.7215 7.2278 6.2877 111 

9.5111 9.1432 8.7351 8.4462 7.6638 7.1786 6.2135 251 

9.4921 9.1197 8.6421 8.4193 7.5937 7.1131 6.1851 511 

9.4852 8.9851 8.6151 8.3992 7.5822 6.9677 6.1715 751 

9.4799 8.9658 8.5932 8.3811 7.5873 6.9211 6.1698 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.6668 

 

15.9284 

 

15.5237 

 

14.2199 

 

13.2454 

 

11.9347 

 

6.6161 

Loading 

1 

17.1281 16.1652 15.8331 14.7735 13.9511 12.8891 8.6414 111 

17.2298 16.5318 16.1241 15.5739 14.3547 13.3311 11.5718 251 

17.4494 16.7255 16.2921 15.9295 14.7197 13.6833 11.4815 511 

17.5777 16.9476 16.4631 15.9816 14.7378 13.7741 12.1184 751 

17.6123 17.1831 16.5281 16.2231 14.7918 13.8751 12.6246 1111 

 

17.4113 

 

16.7751 

 

16.2511 

 

15.8161 

 

14.3153 

 

13.4781 

 

11.7485 

Unloading 

1 

17.3175 16.5436 15.9768 15.4716 13.9864 13.1938 11.3917 111 

17.2311 16.3826 15.8244 15.3111 13.8836 12.8235 11.2382 251 

17.1958 16.3219 15.6559 15.2523 13.7567 12.6867 11.2147 511 

17.1833 16.2773 15.5887 15.2159 13.7358 12.6226 11.1784 751 

17.1737 16.2423 15.5673 15.1813 13.7451 12.5382 11.1771 1111 

Results of Repeated Creep Test for Mix No. 3 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A02 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

9.2537 

 

8.8512 

 

8.7123 

 

7.9125 

 

7.5411 

 

6.6512 

 

3.6891 

Loading 

1 

9.4125 8.9987 8.8811 8.2997 7.7311 7.3291 4.7998 111 

9.4987 9.1311 8.9929 8.4921 7.8211 7.5271 5.8931 251 

9.5725 9.2259 9.1661 8.6311 7.9125 7.6411 6.4215 511 

9.6599 9.37112 9.1135 8.7521 7.9821 7.6298 6.6731 751 

9.6166 9.4586 9.1521 8.9281 8.1731 7.7421 7.1121 1111 

 

9.6225 

 

9.3231 

 

8.9935 

 

8.7951 

 

7.9251 

 

7.5311 

 

6.5527 

Unloading 

1 

9.5627 9.2567 8.8598 8.7115 7.8111 7.3999 6.3428 111 

9.5499 9.1921 8.7931 8.6535 7.7991 7.3111 6.2677 251 

9.5389 9.1635 8.7521 8.6121 7.7611 7.2821 6.2231 511 

9.5211 9.1437 8.7199 8.5899 7.7499 7.2699 6.2198 751 

9.5211 9.1399 8.7112 8.5613 7.7115 7.2531 6.2199 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.7639 

 

16.1347 

 

15.7651 

 

14.3161 

 

13.6594 

 

12.1474 

 

6.6831 

Loading 

1 

17.1335 16.3119 16.1871 15.1356 14.1138 13.2771 8.6952 111 

17.2177 16.5411 16.2914 15.3842 14.1686 13.6358 11.6759 251 

17.3414 16.7135 16.4241 15.6341 14.3161 13.8415 11.6313 511 

17.4998 16.9748 16.5199 15.8552 14.4613 14.1132 12.1889 751 

17.6125 17.1351 16.5798 16.1741 14.6251 14.1253 12.6849 1111 

 

17.4321 

 

16.8894 

 

16.2925 

 

15.9331 

 

14.3571 

 

13.6431 

 

11.8718 

Unloading 

1 

17.3237 16.7693 16.1513 15.7617 14.1513 13.4156 11.4915 111 

17.3115 16.6523 15.9295 15.6766 14.1286 13.2427 11.3545 251 

17.2817 16.6115 15.8552 15.5835 14.1597 13.1922 11.2737 511 

17.2483 16.5646 15.7969 15.5614 14.1396 13.1711 11.2677 751 

17.2463 16.5577 15.7612 15.5196 13.9682 13.1396 11.2498 1111 

Results of Repeated Creep Test for Mix No. 4 

T = 41 ° C ,  σ = 8  PSI 
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Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 5 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A03 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.8971 

 

8.6211 

 

8.1851 

 

7.5987 

 

7.1921 

 

6.2955 

 

3.5211 

Loading 

1 

8.9721 8.7711 8.3671 7.8831 7.4351 6.7371 4.6299 111 

9.1911 8.9177 8.5915 8.1495 7.6211 6.9551 5.1121 251 

9.1622 8.9831 8.7114 8.1415 7.7112 7.1235 5.6177 511 

9.2538 9.1571 8.7571 8.2111 7.7781 7.2111 6.1213 751 

9.3321 9.1183 8.7811 8.2571 7.8235 7.3271 6.6835 1111 

 

9.2131 

 

8.9581 

 

8.6411 

 

8.1177 

 

7.6378 

 

7.1889 

 

6.4921 

Unloading 

1 

9.1715 8.8435 8.5512 8.1599 7.5138 6.9411 6.2875 111 

9.1337 8.7831 8.4911 8.1211 7.4688 6.8665 6.2171 251 

9.1198 8.7311 8.4715 8.1111 7.4351 6.7792 6.1437 511 

9.1114 8.7198 8.4599 7.9987 7.4299 6.7255 6.1115 751 

9.1111 8.7111 8.4419 7.9811 7.4113 6.7117 6.1121 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.1179 

 

15.6179 

 

14.8281 

 

13.7657 

 

12.8481 

 

11.4148 

 

6.3786 

Loading 

1 

16.2536 15.8878 15.1577 14.2819 13.4692 12.2148 8.3875 111 

16.4693 16.1371 15.5643 14.5824 13.8161 12.5996 9.4159 251 

16.5981 16.2737 15.7615 14.7472 13.9695 12.9148 11.1588 511 

16.7641 16.4176 15.8641 14.8571 14.1917 13.1454 11.1893 751 

16.9159 16.5186 15.9157 14.9585 14.1731 13.2737 12.1177 1111 

 

16.6913 

 

16.2284 

 

15.6541 

 

14.6878 

 

13.8365 

 

12.8422 

 

11.7611 

Unloading 

1 

16.6132 16.1218 15.4894 14.6112 13.6119 12.5726 11.3913 111 

16.5465 15.9114 15.3814 14.5289 13.5314 12.4393 11.2447 251 

16.5213 15.8152 15.3469 14.4945 13.4692 12.2811 11.1298 511 

16.4862 15.7967 15.3259 14.4913 13.4599 12.1838 11.1516 751 

16.4856 15.7611 15.2914 14.4585 13.4181 12.1389 11.8733 1111 

Results of Repeated Creep Test for Mix No. 6 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A04 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

7.7511 

 

7.4721 

 

7.1631 

 

6.8115 

 

6.3915 

 

5.3126 

 

3.2111 

Loading 

1 

7.8411 7.6311 7.3411 6.9925 6.6513 5.6791 4.113 111 

7.9131 7.7729 7.4915 7.1493 6.8115 5.9911 4.6911 251 

7.9629 7.8591 7.6211 7.2425 6.9921 6.2215 5.1431 511 

8.1231 7.9421 7.7151 7.3292 7.1631 6.4981 5.3498 751 

8.1615 7.9811 7.7621 7.3615 7.2115 6.6631 5.6439 1111 

 

7.9621 

 

7.8831 

 

7.5915 

 

7.2751 

 

7.1198 

 

6.4131 

 

5.3178 

Unloading 

1 

7.8211 7.7921 7.4421 7.1125 6.8611 6.2773 5.1186 111 

7.7515 7.7119 7.3619 7.1211 6.7319 6.2131 5.1131 251 

7.7131 7.6615 7.2932 6.9975 6.6831 6.1735 4.9621 511 

7.6982 7.6351 7.2735 6.9621 6.6292 6.1411 4.9235 751 

7.6921 7.6211 7.2613 6.9415 6.6113 6.1329 4.9115 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

14.1398 

 

13.5364 

 

12.9766 

 

12.3378 

 

11.5769 

 

9.6242 

 

5.7989 

Loading 

1 

14.2131 13.8226 13.2971 12.6675 12.1494 11.2882 7.2511 111 

14.3353 14.1813 13.5697 12.9516 12.3215 11.8516 8.4963 251 

14.4255 14.2375 13.8145 13.1214 12.6666 11.2691 9.1361 511 

14.5346 14.3876 13.9764 13.2775 12.9766 11.7717 9.6916 751 

14.6123 14.4567 14.1617 13.3342 13.1443 12.1718 11.2244 1111 

 

14.4241 

 

14.2819 

 

13.7519 

 

13.1795 

 

12.6989 

 

11.6178 

 

9.6336 

Unloading 

1 

14.1666 14.1161 13.4821 12.8668 12.4277 11.3719 9.2728 111 

14.1417 13.9691 13.3349 12.7192 12.19361 11.2375 9.1634 251 

13.9548 13.8777 13.2123 12.6766 12.1171 11.1838 8.9891 511 

13.9461 13.8317 13.1766 12.6125 12.1194 11.1231 8.9193 751 

13.9349 13.8145 13.1545 12.5733 11.9588 11.1113 8.8777 1111 

APPENDEX   A                                                                                                      A05 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

9.1195 

 

8.7211 

 

8.2611 

 

7.8112 

 

7.5271 

 

6.5721 

 

3.4811 

Loading 

1 

9.2131 8.9131 8.5393 8.1537 7.7492 6.9915 4.5931 111 

9.4192 9.1321 8.7521 8.2521 7.9221 6.2321 5.6715 251 

9.5111 9.1317 8.8319 8.3911 8.1821 7.4325 6.3711 511 

9.5671 9.2111 8.9829 8.5179 8.2315 7.5516 6.6971 751 

9.6112 9.2631 8.9327 8.5821 8.2729 7.6729 6.9992 1111 

 

9.5191 

 

9.1119 

 

8.8711 

 

8.3221 

 

8.1327 

 

7.3811 

 

6.5917 

Unloading 

1 

9.4431 9.113 8.7531 8.2639 7.7991 7.1931 6.4159 111 

9.4199 8.9237 8.6811 8.2229 7.6311 7.1751 6.3271 251 

9.3995 8.8711 8.6331 8.2121 7.5678 7.1239 6.2831 511 

9.3871 8.8431 8.6199 8.1811 7.5371 6.9821 6.2672 751 

9.3821 8.8399 8.5937 8.1731 7.5123 6.9537 6.2537 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.3215 

 

15.7991 

 

15.1111 

 

14.1317 

 

13.6369 

 

11.9159 

 

6.3145 

Loading 

1 

16.6913 16.1288 15.4695 14.5911 14.1384 12.6657 8.3218 111 

17.1456 16.3625 15.8552 14.9494 14.3516 13.1116 11.2726 251 

17.2282 16.5411 15.9981 15.2112 14.6414 13.4646 11.5398 511 

17.3317 16.6849 16.1284 15.4128 14.9113 13.6814 12.1324 751 

17.3916 16.7819 16.1824 15.5472 14.9871 13.9111 12.6797 1111 

 

17.2266 

 

16.5152 

 

16.1688 

 

15.1762 

 

14.5519 

 

13.3695 

 

11.9414 

Unloading 

1 

17.1171 16.3197 15.8571 14.9718 14.1288 13.1319 11.6231 111 

17.1651 16.1661 15.7248 14.8965 13.8226 12.8172 11.4628 251 

17.1821 16.1691 15.6396 14.8588 13.7197 12.7244 11.3824 511 

17.1156 16.1211 15.5976 14.8188 13.6541 12.6487 11.3536 751 

16.9963 16.1143 15.5682 14.8163 13.6192 12.5913 11.3291 1111 

Results of Repeated Creep Test for Mix No. 7 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A06 
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Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 8 

T = 41 ° C ,  σ = 8  PSI 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.8911 

 

8.5411 

 

8.1296 

 

7.5223 

 

7.2331 

 

6.2971 

 

3.4599 

Loading 

1 

9.1346 8.7344 8.3599 7.8291 7.5598 6.7711 4.5531 111 

9.2131 8.9928 8.5621 8.1398 7.7535 6.9821 5.7178 251 

9.3599 9.1116 8.5733 8.2511 7.9115 7.1492 6.2379 511 

9.5317 9.1531 8.8422 8.3669 8.1157 7.2535 6.5997 751 

9.6121 9.1833 8.9188 8.4121 8.1699 7.332 6.8731 1111 

 

9.4819 

 

9.1129 

 

8.7377 

 

8.2119 

 

7.8625 

 

7.1537 

 

6.3951 

Unloading 

1 

9.3491 8.9187 8.6521 8.1811 7.6111 6.9721 6.1517 111 

9.2896 8.8234 8.5299 7.9231 7.2399 6.8821 6.1878 251 

9.2433 8.7721 8.4376 7.8615 7.1511 6.8191 6.1478 511 

9.2352 8.7255 8.3921 7.8327 7.1121 6.7625 6.1211 751 

9.2111 8.7197 8.3711 7.8299 7.2655 6.7437 6.1113 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.1188 

 

15.4711 

 

14.7275 

 

13.6273 

 

13.1134 

 

11.4176 

 

6.2679 

Loading 

1 

16.3671 15.8231 15.1447 14.1831 13.6952 12.2644 8.2483 111 

16.6722 16.2914 15.5111 14.7461 14.1461 12.6487 11.3568 251 

16.9563 16.4865 15.8574 14.9458 14.3125 12.9551 11.3115 511 

17.2657 16.5817 16.1184 15.1571 14.5131 13.1413 11.9559 751 

17.3951 16.6364 16.1391 15.2393 14.6193 13.2826 12.4512 1111 

 

17.1773 

 

16.3181 

 

15.8291 

 

14.8748 

 

14.2436 

 

12.9586 

 

11.5853 

Unloading 

1 

16.9367 16.1389 15.6741 14.6376 13.7711 12.6316 11.1443 111 

16.8289 15.9844 15.4527 14.3534 13.1157 12.4675 9.2171 251 

16.7451 15.8914 15.2855 14.2411 12.9528 12.3353 11.9561 511 

16.7314 15.8171 15.2128 14.1896 12.6849 12.2519 11.9176 751 

16.6865 15.7782 15.1651 14.1846 13.1621 12.2168 11.8938 1111 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

9.1151 

 

8.5391 

 

8.1781 

 

7.4311 

 

7.1227 

 

6.1992 

 

3.3971 

Loading 

1 

9.1521 8.7619 8.3721 7.6219 7.4954 6.7134 4.3781 111 

9.2733 8.9925 8.5311 7.7821 7.6121 6.9455 5.5971 251 

9.4211 9.1677 8.7215 7.8799 7.7198 7.1267 6.1297 511 

9.5315 9.2531 8.8451 7.9931 7.7631 7.1976 6.4259 751 

9.6112 9.3329 8.8721 8.1198 7.7925 7.2599 6.7398 1111 

 

9.5329 

 

9.2599 

 

8.6596 

 

8.1112 

 

7.6191 

 

7.1921 

 

6.2374 

Unloading 

1 

9.4511 9.1219 8.4821 7.9111 7.4511 6.8255 6.1491 111 

9.3829 9.1131 8.3899 7.8299 7.3829 6.7395 5.9531 251 

9.3318 8.9321 8.3311 7.7786 7.3198 6.6199 5.9217 511 

9.3121 8.8566 8.3121 7.7511 7.2731 6.5932 5.8672 751 

9.3195 8.8212 8.3196 7.7598 7.2599 6.5721 5.8574 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.3134 

 

15.4693 

 

14.6341 

 

13.4619 

 

12.9134 

 

11.2314 

 

6.1539 

Loading 

1 

16.5798 15.8731 15.1668 13.8177 13.5791 12.1619 8.1123 111 

16.7914 16.2917 15.4548 14.1981 13.7717 12.5824 11.1394 251 

17.1671 16.6181 15.7998 14.2751 13.9851 12.9116 11.1145 511 

17.2653 16.7628 16.1237 14.4812 14.1168 13.1391 11.6411 751 

17.4115 16.9174 16.1726 14.7197 14.1168 13.1519 12.2181 1111 

 

17.2697 

 

16.7751 

 

15.6876 

 

14.5131 

 

13.8127 

 

12.8481 

 

11.2996 

Unloading 

1 

17.1215 16.5251 15.3661 14.3115 13.4963 12.3651 11.9585 111 

16.9981 16.3281 15.1991 14.1856 13.3748 12.2192 11.7846 251 

16.9154 16.1813 15.1923 14.1916 13.2615 11.9925 11.7277 511 

16.8697 16.1445 15.1581 14.1599 13.1757 11.9442 11.6293 751 

16.8651 15.9786 15.1536 14.1576 13.1519 11.9159 11.6112 1111 

Results of Repeated Creep Test for Mix No. 9 

T = 41 ° C ,  σ = 8  PSI 

APPENDEX   A                                                                                                      A08 



 

 133 

 

 

 

 

 

 

 

 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

9.1118 

 

8.5621 

 

8.1135 

 

7.5219 

 

7.1159 

 

6.2235 

 

3.4985 

Loading 

1 

9.2135 8.8112 8.4122 7.6531 7.5231 6.7321 4.5722 111 

9.3299 9.1191 8.5511 7.8135 7.6211 6.9625 5.6321 251 

9.4625 9.2117 8.7411 7.8925 7.7399 7.1521 6.1421 511 

9.5511 9.3144 8.8531 8.1159 7.8231 7.2251 6.5987 751 

9.6321 9.3819 8.8819 8.1158 7.8955 7.2789 6.8117 1111 

 

9.5582 

 

9.2787 

 

8.6718 

 

8.1144 

 

7.6721 

 

7.1236 

 

6.3371 

Unloading 

1 

9.4821 9.1521 8.5211 7.9279 7.5237 6.9141 6.1225 111 

9.4319 9.1798 8.4399 7.8445 7.4599 6.7514 6.1231 251 

9.3718 8.9625 8.3711 7.8119 7.3921 6.6311 5.9631 511 

9.3598 8.9219 8.3619 7.7911 7.3664 6.6298 5.8877 751 

9.3414 8.9135 8.3411 7.7811 7.3421 6.6151 5.8713 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.4887 

 

15.5111 

 

14.6983 

 

13.6266 

 

12.8731 

 

11.2744 

 

6.3378 

Loading 

1 

16.6911 15.9442 15.2394 13.8643 13.6288 12.1958 8.2829 111 

16.9119 16.3389 15.4911 14.1548 13.8163 12.6132 11.2131 251 

17.1422 16.6697 15.8353 14.2981 14.1216 12.9567 11.1269 511 

17.3119 16.8557 16.1382 14.5215 14.1722 13.1881 11.9541 751 

17.4494 16.9943 16.1913 14.6844 14.3134 13.1864 12.3411 1111 

 

17.3155 

 

16.8192 

 

15.7197 

 

14.5188 

 

13.8987 

 

12.9151 

 

11.4812 

Unloading 

1 

17.1777 16.5798 15.4365 14.3621 13.6298 12.5174 11.1914 111 

17.186 16.4489 15.2896 14.2111 13.5143 12.2289 11.9114 251 

16.9778 16.2364 15.1651 14.1338 13.3914 12.1128 11.8127 511 

16.9561 16.1628 15.1465 14.1125 13.3449 12.1115 11.6661 751 

16.9228 16.1476 15.1116 14.1961 13.3119 11.9657 11.6364 1111 

Results of Repeated Creep Test for Mix No. 01 

T = 41 ° C ,  σ = 8  PSI 
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Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 00 

T = 41 ° C ,  σ = 8  PSI 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.8721 

 

8.6729 

 

8.1932 

 

7.4634 

 

7.2129 

 

6.3429 

 

3.6211 

Loading 

1 

8.9751 8.8572 8.6429 8.1839 7.5848 6.8631 4.7165 111 

9.1499 9.1531 8.7816 8.2598 7.6421 7.1311 5.6617 251 

9.2357 9.1357 8.9135 8.4496 7.7531 7.2239 6.5213 511 

9.3519 9.1821 8.9629 8.5196 7.8398 7.3592 6.8319 751 

9.3821 9.2567 9.1231 8.5721 7.9151 7.4622 6.9825 1111 

 

9.2569 

 

9.1831 

 

8.7412 

 

8.3493 

 

7.6729 

 

7.2131 

 

6.4829 

Unloading 

1 

9.1931 8.8992 8.6231 8.2192 7.4996 6.9732 6.2511 111 

9.1492 8.8135 8.5395 8.1796 7.3352 6.8213 7.1781 251 

9.1299 8.7536 8.4426 7.9731 7.2511 6.7221 6.1217 511 

9.1187 8.7139 8.4156 7.9414 7.2131 6.7139 5.9612 751 

9.1162 8.6921 8.3821 7.9239 7.1725 6.6821 5.9233 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.1726 

 

15.7117 

 

14.8427 

 

13.5216 

 

13.1668 

 

11.3917 

 

6.5591 

Loading 

1 

16.2592 16.1456 15.6574 14.6447 13.7415 12.4331 8.5443 111 

16.5759 16.4115 15.9186 14.9634 13.84438 12.7375 11.2567 251 

16.7317 16.5511 16.1476 15.3172 14.1454 13.1867 11.8139 511 

16.9418 16.6342 16.2371 15.4341 14.2125 13.3318 12.3766 751 

16.9965 16.7693 16.3461 15.5291 14.3218 13.5184 12.6494 1111 

 

16.7697 

 

16.4548 

 

15.8359 

 

15.1255 

 

13.9111 

 

13.1491 

 

11.7443 

Unloading 

1 

16.6541 16.1217 15.6215 14.8898 13.5862 12.6326 11.3242 111 

16.5746 15.9664 15.4711 14.6369 13.2884 12.3556 11.1111 251 

16.5396 15.8579 15.2945 14.4441 13.1341 12.1775 11.9188 511 

16.5193 15.7679 15.2275 14.3847 13.1491 12.1447 11.7992 751 

16.5148 15.7465 15.1849 14.3548 12.9936 12.1152 11.7316 1111 

 

Accum. Strain *24^-3 ( mm/mm ) 
 

Results of Repeated Creep Test for Mix No. 02 

T = 41 ° C ,  σ = 8  PSI 
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7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.8415 

 

8.6675 

 

8.1442 

 

7.4525 

 

7.1752 

 

6.3156 

 

3.5921 

Loading 

1 

8.9537 8.8351 8.6315 8.1611 7.5569 6.8226 4.6755 111 

9.1131 9.1154 8.7615 8.2376 7.6112 6.9855 5.6422 251 

9.2251 9.1121 8.8814 8.4159 7.7291 7.1867 6.4599 511 

9.3376 9.1895 8.9513 8.4915 7.8115 7.3211 6.7221 751 

9.3757 9.2311 8.9986 8.5517 7.9134 7.4255 6.9544 1111 

 

9.2256 

 

9.1441 

 

8.7114 

 

8.3219 

 

7.6312 

 

7.1652 

 

6.3521 

Unloading 

1 

9.1722 8.8713 8.5831 8.1734 7.4522 6.9215 6.1597 111 

9.1398 8.7952 8.4922 8.1351 7.3211 7.7814 6.1121 251 

9.1121 8.7131 8.4115 7.9351 7.2155 6.6812 5.9311 511 

9.1198 8.6532 8.3544 7.9117 7.1759 6.6215 5.8912 751 

9.1111 8.6311 8.3392 7.8911 7.1433 6.5876 5.8876 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

16.1172 

 

15.7119 

 

14.7539 

 

13.5119 

 

12.9985 

 

11.4413 

 

6.5174 

Loading 

1 

16.2214 16.1154 15.6367 14.6134 13.6911 12.3597 8.4692 111 

16.4911 16.3322 15.8722 14.9231 13.7881 12.6548 11.2213 251 

16.7121 16.5174 16.1894 15.2281 14.1119 13.1193 11.7127 511 

16.9151 16.6476 16.2161 15.3831 14.1512 13.2626 12.1777 751 

16.9849 16.7211 16.3118 15.4922 14.3358 13.4519 12.5985 1111 

 

16.7131 

 

16.3842 

 

15.7815 

 

15.1759 

 

13.8246 

 

12.9814 

 

11.5174 

Unloading 

1 

16.6163 16.1711 15.5491 14.8168 13.5113 12.5389 11.1588 111 

16.5576 15.9333 15.3844 4.5563 13.2628 12.2833 11.8733 251 

16.5174 15.7664 15.2211 14.3751 13.1715 12.1136 11.7447 511 

16.5132 15.6761 15.1347 14.3146 12.9998 11.9954 11.6724 751 

16.4856 15.6341 15.1172 14.2954 12.9417 11.9411 11.6659 1111 

Results of Repeated Creep Test for Mix No. 03 

T = 41 ° C ,  σ = 8  PSI 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.7439 

 

8.4539 

 

8.1931 

 

7.4219 

 

7.1442 

 

6.2884 

 

3.6913 

Loading 

1 

8.9119 8.6821 8.4361 8.1151 7.4789 6.7848 4.7124 111 

8.9924 8.8531 8.6121 8.2159 7.5931 6.9211 5.7365 251 

9.1934 8.9986 8.7399 8.3798 7.7422 7.1846 6.2111 511 

9.1866 9.1931 8.8178 8.4564 7.7599 7.1457 6.5165 751 

9.2537 9.1596 8.8497 8.4928 7.8396 7.2625 6.8124 1111 

 

9.2136 

 

8.9734 

 

8.7131 

 

8.2687 

 

7.5964 

 

7.1989 

 

6.2625 

Unloading 

1 

9.1637 8.8241 8.5539 8.1678 7.3921 6.7519 6.1846 111 

9.1133 8.7433 8.47468 7.9397 7.2464 6.6772 5.9524 251 

9.1111 8.6855 8.4148 7.8529 7.2112 6.5991 5.9291 511 

9.1135 8.6123 8.3886 7.8131 7.1831 6.5521 5.9211 751 

9.1116 8.6115 8.3764 7.7932 7.1752 6.5329 5.9123 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

15.8413 

 

13.3151 

 

14.6614 

 

13.4454 

 

12.9423 

 

11.3921 

 

6.6871 

Loading 

1 

16.1266 15.7284 15.2826 14.5119 13.5487 12.2913 8.5369 111 

16.2915 16.1382 15.5835 14.8657 13.7556 12.5382 11.3922 251 

16.4735 16.3118 15.8331 15.1817 14.1257 12.8344 11.2338 511 

16.6423 16.4731 15.9742 15.3197 14.1577 12.9451 11.8125 751 

16.7639 16.5934 16.1321 15.3855 14.2121 13.1567 12.3413 1111 

 

16.6731 

 

16.2561 

 

15.7664 

 

14.9795 

 

13.7615 

 

12.8613 

 

11.3451 

Unloading 

1 

16.6119 15.9856 15.4961 14.6155 13.3914 12.2317 11.1228 111 

16.5196 15.8393 15.3525 14.3835 13.1275 12.1963 11.7833 251 

16.4985 15.7346 15.2261 14.2262 13.1438 11.9548 11.7411 511 

16.4731 15.6119 15.1976 14.1361 13.1128 11.8697 11.7248 751 

16.4598 15.5824 15.1746 14.1181 12.9855 11.8349 11.7111 1111 
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Accum. Strain *24^-3 ( mm/mm ) 
 

 

7 

 

6 

 

5 

 

4 

 

3 

 

5 

 

2 

Cycle No. 

 

 Time(sec)      

 

8.7611 

 

8.4745 

 

8.1392 

 

7.4831 

 

7.1769 

 

6.3111 

 

3.7231 

Loading 

1 

8.9254 8.6996 8.4839 8.1639 7.5138 6.8119 4.7622 111 

9.1239 8.8831 8.6521 8.2399 7.6599 6.9421 5.7632 251 

9.1121 9.1611 8.7744 8.3997 7.7821 7.1135 6.3125 511 

9.1839 9.1298 8.8539 8.4766 7.7939 7.1621 6.5531 751 

9.2873 9.1821 8.8919 8.5131 7.8722 7.2831 6.8422 1111 

 

9.2319 

 

8.9962 

 

8.4711 

 

8.3196 

 

7.6398 

 

7.1132 

 

6.2911 

Unloading 

1 

9.1896 8.8529 8.5921 8.1198 7.4465 6.7821 6.1266 111 

9.1621 8.7619 8.5166 7.9954 7.2986 6.7341 5.9833 251 

9.1499 8.7256 8.4629 7.8931 7.2431 6.6429 5.9467 511 

9.1321 8.7199 8.4352 7.8619 7.2256 6.5946 5.9233 751 

9.1298 8.6933 8.4169 7.8439 7.2139 6.5798 5.9211 1111 

 

Creep Compliance *24^-5 ( 1/Kpa ) 

 

 

15.8715 

 

15.3515 

 

14.7449 

 

13.5563 

 

13.1116 

 

11.4313 

 

6.7447 

Loading 

1 

16.1692 15.7611 13.3693 14.6185 13.6119 12.3222 8.6271 111 

16.3476 16.1925 15.7641 14.9273 13.8766 12.5761 11.4415 251 

16.5174 16.4132 15.8956 15.2168 14.1981 12.8867 11.4356 511 

16.6375 16.5395 16.1396 15.3562 14.1193 12.9748 11.8715 751 

16.8248 16.6342 16.1185 15.4223 14.2612 13.1941 12.3952 1111 

 

16.7244 

 

16.2975 

 

15.8333 

 

15.1717 

 

13.8412 

 

12.8862 

 

11.3949 

Unloading 

1 

16.6478 16.1378 15.5654 14.7197 13.4911 12.2864 11.1989 111 

16.5981 15.8731 15.4286 14.4844 13.2221 12.1992 11.8393 251 

16.5759 15.8172 15.3313 14.2991 13.1215 12.1342 11.7731 511 

16.5436 15.7788 15.2811 14.2425 13.1898 11.9467 11.7316 751 

16.5314 15.7487 15.2481 14.2199 13.1515 11.9199 11.7246 1111 

Results of Repeated Creep Test for Mix No. 04 

T = 41 ° C ,  σ = 8  PSI 
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The Results of Wheel Tracking Test  ( Rate of Rutting *01^-3 ) 

 

 

 

26444 

 

24444 

 

25444 

 

24444 

 

8444 

 

6444 

 

 

4444 
 

5444 

     No. of 

            App. 

 

Mix No. 

91.38 89.34 85.12 81.18 73.14 59.34 41.34 
 

21.51 1 

96.45 94.62 91.12 85.16 76.42 65.18 46.51 

 

28.65 

 

2 

111 97.84 93.98 87.42 79.41 68.53 51.42 
 

29.41 3 

111.7 99.92 96.26 91.18 81.91 73.52 55.46 31.11 

 

4 

97.81 93.41 91.92 85.98 77.98 65.94 49.96 26.78 

 

5 

88.11 86.41 82.12 78.16 68.11 55.11 41.11 21.11 

 

6 

99.12 95.41 91.43 86.52 81.51 71.24 55.78 31.41 

 

7 

96.58 92.42 88.63 83.15 75.16 65.12 47.84 26.58 

 

8 

97.69 95.12 92.42 87.97 81.42 69.12 53.58 27.96 

 

9 

111.6 98.42 95.64 91.24 85.18 74.25 56.98 28.51 

 

11 

113 111.24 116.58 111.13 91.32 76.23 52.62 28.914 

 

13 

118.11 116.38 113.44 114.34 93.19 81.12 61.42 
 

32.42 

 

14 
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