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EXECUTIVE SUMMARY 

The Minnesota Department of Transportation (Mn/DOT) and Finnish National Road 

Administration (Firinra) have cooper'ated for several years, E3oth organizations work on the 

areas of cold climate, which gives a very good background to the cooperation, 

The Minnesota Road Research Projlect (Mn/ROAD) is the largest Test Road since 

AASHO Road Test in 1958-60. It is (obvious that one part of the cooperalion would take 

place in connection to this Test Road. In Finland the Technical Research Cenler (VTT) is 
the main road research laboratory participating into the cooperation. The corresponaling 

institute in Minnesota is the University of Minnesota (U of M). 

#ri the early stage of the cooperation several visits were made on both sides. Some 

researchers from Minnesota have made three visits to Finland, one of those visits in the 

cooperation with the Finnish Pavement Research Prograrnmie (ASTO). Several 

researchers from Finnra, V"lT, and the University of: Oulw have visited the MnIRQND 

project. 

The practical actions of the cooperation have been the exchange off sane measuring 

instruments and instrunnentation expertise. Thus Mr. Jari PihIa,jamaki :;penit two moni:hs at 

Mn/ROAD in 1993 installing AC-response strain gages using reirofit techniques arid 

analyzing the basic: data of those instruments. 

The main effort this far has been the IFatigue and Wheel Tracking Tests of bitumiruous 

materials used at Mn/ROAD. 'These tests were funded by I'imnra aind they were cmied 

out by V-IT, because VTT has appropriate facilities. Mn/DOT sent the raw nnater ials for 

two bituminous mixtures and one ready-made mixture. 

This research report is the final repoirt of those tests. The tests were supwvised tiy Mr. 

Seppo Salmenkaita froim Firinra, Mr. David Johnson from Mri/FIOAID, and professor David 

Newcomb from U of M. At VTT Mr. Matti Huhtala was responsible for the lests Mr. tiarri 

Spoof performed the fatigue tests. Ms. Leena Saarinen made the general rnrxtirre mid 

material analysis and performed the wheeltracking tests. This repoirt is vvrntten at VTT by 

Matti Huhtala, Harri Spoof, F'ekka Halonen and beena Saarinen. 
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CHAPTER 1 : lNTRODlJCTlON 

During the ASPO-project (The Finnish Asphalt Ptivernenl Research Pro!grarnme) 
Technical Research Center (VPT) could considerably develop its research equipment 

used for bituminous material research. The development starrted from the preparation of 

samples (mixing, spreading, compaction). Besides the routine equipment the most 

important laboratory equipments are wear resistance by studded tires, static and 

repeated loading creep, wrheeltraclting and fatigue devices. E%pecially the mieasuirement 

of perrnanent deformation and fatigue properties of biturninous mixtures demarrcl special 

devices which are not available in every research laboratory. 

The permanent deforrnatron properties can be measured with Marshall-test, :;iiadic and 

repeated loading creep and wheel-tracking tests. hAarshall test is very sirriple and 

widely used in Ibiturninous mixture design. Creep tests measure a clear material 

property but this basic property is not always well related to the rutting an the road. 

Wheel-tracking test demands a special device which simulates the situation on the road. 

A truck tire or more often 21 smaller tire whiclh has, however, Ihe same contacit pressure is 

driven on the bituminous mixture and rutting is measured. The wiieel-tracking test is not 

standardized. The sample size at VTT wheel-tracking lest IS larger than in m y  otheir 

routine test device, which makes the resuhs more realistic. 

When a truck moves on ii road the bituminous course tiends under it. Rqieated 

bending causes fatigue cracks. The phenomenon is basically the same in metals like 

steel or aluminum. 

Bending ciln be caused in laboratory by bending a bitunnirnous beam with three or four 

point fixing or having the bituminous mixture beam on a ruk)ber support: and a \nerticail 

force cause bending in the middle of the beam. This set-up is realiistic and sirnukites well 

the phenomenon. VTT uses six beams simultaneously vvhiclh make the test time 

reasonable. 

'This report describes the bituminous mixture laboratory fests of two rnateriall used at 

Mn/ROAD. The materials are handled in chapter 2, permanent deformation in chia.plter 3, 

.fatigue tests in chapter 4 and the results and discussion in chapters 5 arid 6. 
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CHAPTER 2: MATERIALS AND COMPACTION 

Bitumen!; 

Materials 

AC 001 (AC 20) -1 IPC 
AC 002 (120/150) 1 PC 

Three different asphalt mixtures used in Mlirnnesota Road Fksearch Project (FaAn/HOAD) 

were sent to VTT in Finland for laboratory testing (Table l).. One rnixture was sent as a 

“Ready Made” asphalt mixture (-450 kg in 24 barrels). This mixture was used in the 

fatigue tests. The other two mixtures were sent as raw miateirials. There M Y ( X ~  three 

different aggregates (-450 kg in 20 barrels) and two different biturnens (1 barrel each). 

These two mixtures were used in the deformation (rutting) tests. 

Table ‘1. Materials sent from Mri/R’OAD to VU for laboratmy testing. 

Aggregates 5 A  001 
5A 002 
0 A  003 

~- 

Nlixtures WM 001 24 pcs 

The “Ready Made” mixture was extracted in order to get bitumen content!, grading 
curves and bitumen penetrations (Table 2 and Figure 1). 

Table 2. Binder tests made at VTT 

3 



PASSING-% 

Figure I .  Grading curves of the mix design aggregate and the aggregate exlriscted 
fmm the mixture. 

Co m pact i o n tes t:s 

Compaction tests where niacle by using three different compaction methoid:;. The 

traditional Marshall method, the Finnish ICT-gyratory compactor m d  the WTT steel-tiired 

roller slab compactor. More idetiails of the equipments are presenled in appendix 1. 

Faitig ue m ixt w re compaction tests 

Compaction tests of the “Ready Made” mixture were made in the gyratory campactor 

with a different number of revolutions (200-400 r.) and with thle Marshall method (:2*50 & 

2”’:75 blows). Compaction ‘I:ernIperature was 150°C. Target void content w8s 4.0%. 

Results of the compaction test :for the “Ready Made” mixture iis pr’eserrted in Takk 3., 

4 



Table 3. Results of the csmpactio,n tests for the “Ready Matk?” mixture. 

Mixture properties 

_.---__I 

Bulk density, &g/m3 
Max. density, kg/rn3 
Void content, Yo 

After the compaction tests, slabs where made of the mixture. l h e  sarnple s ix? was 32 

kg mixture for the slabs (500*420*60 mm) used in the fatigue tests. The “Readly Made” 

mixture was heated to 155-1 60°C and mixed in VTT:s laboratory mixer (appendix 1 ), 

Then the mixture was spread directly to a plywood-mold where it was compacted using 

the VKT steel-tired roller slab cornpactor (appendix 1) Cornpaction temperi ikiire was 

135-1 40°C. 

There were some problems in the beginning of compacting the mixture. The mixture did 

not compact adequately. The problems where solved by mreasing of the arinount of 
compaction passes from 20 to 313 passes. After 7.5 ... 7.9 ‘% of air void conlent was 

reached for the “Ready Made” miixture slabs. The result corresponded to the Ivalues 

(-‘7%) frorn the field tests made in Ivlinnesota. 

Compaction Rests off deformation rniixtures 

A mix-design was made based on the Mn/HOAD informationi. Material proportions 

based on the mix-design arc presented in Table 4. Aggregate gradation ct~rves where 

the sarne lor both mixtures (Figure I). 

Table 4. Material proportions based on the mix-design residts. 

BA 001 

Bitumens: 5.3 Yo 
5.9 %, 

--- 
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Compaction tests of the two “Rutting Test” mixtures WWB made in the IC’AT-gyratory 

compactor with a different number of revolutions (80-400 I+“)- Re!i;ults are showri iin Table 

Mixture properties -1 
5. 

‘Ti2ble 5. Results of the con;tpac;lion tests for the ‘‘Rutting 72st” mrixtlires. 

5.0 I... ”1.0 
(mea.n 7.3, ni := 12) 

3.0 ... 7.,1 
(mean 5.3, rn = ‘12) 

6.8 

3.5 

HIGH STIFFNESS MIX: 

Bulk density, kg/m3 
Void content, o/o 

ILOW STIFFNESS MIX: 

Bulk density, kg/m3 
Void content, % 
Binder content, w-.% 
Density (aggr.), kg/m3 

- - 
llCT gyr 

80 r 

2300 
7.4 
5.3 

2700 

2340 
4.9 
5.9 

2700 

2350 
5.4 
5.3 

2700 

2375 
3.5 
5.9 

2700 

2372 
4.5 
5.3 

2700 

2397 
2.6 
5.9 

2700 

ICT gyr 

v\reighl:/water 
(4.00 r) 

2394 
2.7 
5.3 

2700 

2400 
2.5 
5.9 

2700 

After the compaction tests, sla.bs were made of the mixtures.. The sample size ‘vvas 50 

kg mixture for the slabs (7QO*!500*70 mim) used in the deformation 1:ests. The “Ruttin!g 

Test” mixtures were heated to 155-1 60°C and mixed far 4 minute in VTT:s 1;iboratot-y 

mi:xer (appendix 1). ‘Then the imixture was spread directly to a plywood-mold where it 

was compacted using the VTT sfeel-tired roller slab comnpactor (appemdix 1)- 

Compaction temperature was 135-1 40°C. Normal VTT procedures were used (20 

passes, 5 with vibration) in compaction. Flesults of air void content are presented in 

T’able 6. 

Table 6. Results of the compaction test:; for the “Rutting Tesr sb,ab.s. 
-.- -.- 

Mixture 

High Stiffness Mixtiire, 5.3% 

Low Stiffness Mixture, 5.9% 

---.- 
Void content 
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CHAPTER 3: DEFORMATION TESTS 

Introduction 

Rutting is one of the mairi problems of flexible pavernents because of increased axle 

loads, tire pressures and heavy traffic. The need for permanent deformation resisitant 

asphalt mixtures has significantly increased. Permanent (plasiic) deforniatiori is caused 

by heavy traffic especially at high temperatures. The possibiility of deforrnalior I 

increases, when the traffic is slow and when the lateral distribution of vehiclts is small. 

Deforrnation properties of asphalt mixtures are tested in the liaboraltory at V-IT by the 

Marshall method, static- and dynamic-creep tests or the wheel-tracking test. Ttne wheel-, 

tracking test is designed to simulate the heavy traffic loads on the road. The wtm+ 

tracking test was used in this study . 

Wheel-tracking test 

In the wheel-tracking test an asphalt slab (700*500*70 mrrri) 11:s loaded by a nioviing 

wheel (tire size 6.00 R 9) which moves forward and bXkvVi4s over the slab. lhe  
device is located in a temperature chamber. A 10 kN wheel Xoad, 0.7 m/s wheel speed 

and a test temperature of 30°C is used in the normal v'l-l" procedure. The teat runs for 

profile from three different location of the slab at certain inlervals. More details of the 

wheel-tracking device is presented in appendix 1 I 

14 000 passes which is approximately 6 hours. A laser device measures thc, CV'C)8S 

Presentation of results 

There are three different phases in the development of permanent defemnatiorr 

expressed as a function of the number of wheel passes: 

~ the initial stage when the slope of the curve quickly declines 

.- the part of the deformation profile when the !$lope remains quite constarit 

- the failure point (only if the mixture is poor). 

initial and total deformation is presented in Figure 2 as a function of \heel  pa.sses (no 

failure occurred). 
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Figure 2?. Schematic presrenitation of permanent deformation ;9s n function of \wheel 
passes. 

[lief o r m at i o n test resi w Its 

Mixture properties and wheel-tracking test results for the Ilwo ‘‘FRi~tti~~g Test“ mbu.tures a r e  
shown in Tables 7 and 8 and IFigure 3. 

Table 7. Mixture pxopedie:;. 

Binder content, w-% 5 .C 3 5.9 
Bulk density, kg/m3 227’2 230 1 

(AS’TM D 2726, SSD) 
Maximum density, kg/rrtc3 
(modified ASTM D 2041 !with shaker table) 
Void content, % 

(ASTM D 3203) 
VMA, vol.% 

24Ei 1 24: 30 

7.:3 5.3 
(range 5-110) (rangc? 3-7) 

4 9 1 83 
6 11 71 VFB, VO~.%O 
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Figure 3. Rut depth progres.sion during permanent deformation test, +30 "C. 

Table 8. Permanent deformation test results. 

DEFOlRMATllON RESULTS from the High Stiffiles:; L-ow Stiff inless 
WHlE E L-TRACKING 'TEST: Mixture Mixture 

-I-------"-.---- --------__.- -.-* ---,---_----. 

- Initial Rut Depth, mrn 
- Total Rut Depth, mm 
~ Failure Time, number of wheel passe:; 

'1 .4 
6.1 

The Low Stiffness Mixture failed during the test. After approximately -1 (BOO0 passes the 

mixture started to crack and the lest had to be stopped. l h e  Ciigh Stiffness RAixtuns was 

significantly more deformalion resistant with a total deformation of 6 . 1  mrn. More icfetailed 

information about the test results are presented in appendix 2. 
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CHAPTER 4: FATIGUE TEST'S 

lritrod u ct ion 

Wheel loads caused by heavy traffic on the top of a asphalt pavement structure cause 

deflection of the pavement and induce stresses anU strains i2t the bottom of the asphalt 

layer. These repetitive loadings will increase the tlefWec;tio~ns and decr'ease the 

pavement stiffness which will conduct increase in stresses and st:rains.. After a certain 

number of load repetitions fine cracks will be initiated in the bottcm~ of the aspihalt layer. 

These cracks will propagate arid penetrate through the whole 'asphalit layer iiiritil they 

are visual on the surface. This deterioration process is called iatigue. 'The fatigue criteria 

is applied in mechanistic design of asphalt pavement structures. 

The repeated loadings can be simulated by laboratory tests. The test sample is loaded 

repetitively until failure occurs. Tests are usually controlled either vvith controllecl stress 

or controlled strain mode of loading. 

In the controlled stress mode of: loading test:, the load or stress is maintained constant 

during the whole test.. 'That will effect an increase in the tensile strain in the bottolm of the 

specimen during the test, clue to decrease in material stiffness (Figure 4). 

TIME 

Figure 4. Schematic example of stress and strain behavior in a controlled stress 
mode of loading fatigue test. 

In the controlled strain mode of loading test, where the tensile strain at the bottoirn of the 

specimen is maintained constant during the whole test, tlhe behavior iis difercmt. The 



required load to generate iia certain strain level will decrease idurirng the test, (due to 

decrease in material Mfnes:; (F:igure 5). 

STRESS STRA N 

TIME YME 
Figure 5. Schematic examplel of stress and strain in a contra/leled strain mock of 
loading fatigue test. 

Because of the described material behavior, for a certain initial1 strain Iwel, the Ziximiurn 

number of load revtitions to failure will be smaller for the controlled stress mode of 

loading test than 7 ie controlled strain mode of loading Best. 

As above described 1:he stress and strain relations are different in the various nnodes of 

loading. This is also the case out on the road in situ. Neither one of these tvvo inmdes of 

loading will be exactly identical with the loading situation in the: road under a moving 

whleel. That is why the testr; always are made in both cointrollecl stress and controlled 

strain mode of loading in the normal VTT fatigue procedure. 

Fatigue test andl equiiipnnent 

Fatigue test equipment (appendix 1) is used for measuring the fatigue response of 

aslphalt mixtures The principle of the test is a center point loaded beam on ii flexible 

rubber base. The beams 1 s*lQO*50 mm) are sawed out of slakis. 'The micro-computer 

controlled equipment is hycriaulic and 6 independent tests cian be done simultaneously. 

Load is applied in the middlle of the beam iin 1 second cycles by using a loadiing plate. 

The haversine formed load cycle consist of 0.05 second !loading time and 0.95 second 

rest period. During the resl: period the rubber base returns; thc'? specimen back to it:; 

orilginal stage. 

12 



On the specimens are two strairi gages glued to detect failure and one to measure 

strain. Failure is defined as the number of load cycles whein both strain gauges which 

detect failure are broken. 

The equipment can be used either with controlled stress or calntrolled strain mode of 

loading. During the test computer stores data from applied force, measured slrains and 

stiffness modulus. 6 - 10 test beams are needed to form a fatigue curve. 

Presentation of results 

Results form the fatigue tests are presented as equations arid graphs. The latigue 

equation is presented in formula 1. 

where 

In graph 

-- 
== initial tensile strain, pm/m 
== material constants 

number of load cycles to lailure 

fatigue re tilts are presented in double logarithmic :;tales (Figure 6). The initial 

tensile strain (prrdm) is on the vertical axis and the number of load cycles lo  iailure on 
the horizontal axis (appendix 3). All the points in the figures are representwng orie test 

specimen. The objective in the normal \/IT latigue proc:edlure is to run the tests as 

follows: 

- to get one specimen to last slightly more than one thousaind load cycles 

- to get one specimen lo last about one million load cycles 

- to get the rest of the specimens to last between one thousand and one milliion load 

cycles, until the number of specimens will be enough for estak)lish a fatigue line 

IDetermination of the initial slrain level is depending on tlhe rriode of loading of ithe test. 

The initial strain level in the controlled strain mode of loading is equal to the contirolling 

strain level. In the controlled stres:; mode of loading it will be different because of the 

change in strain values during the tesl. In the normal VTT fatigue procedure Itne initial 

strain level is fixed to the strain value for load cycle nunnber 200. This is dtie to the 

reason that there may be some instability in the beginning 01 a test To be sure 01 
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equipment stability and to ,iavCbid problems in the determirration of the initial strlsiin value, 

it has been decided to use the load cyclle number 200 as an initial stage, 

After a sufficient nurnber of tested specimens, usually between 6 arid 10, the iiitiigue line 

will be calculated using normal linear regression techniques. The material constants 

(slope and position of the line) as well as information about correlations arid devialioris 
for the tested mixture will be obfained from these calculations. 

Results 

The Mn/ROAD “Ready IIVlade” asphalt mixture was tested in the V T l  fatigue 

equipment. It is also indicated as a “Low Stiffness Field Mixlure”. More details about the 

mixture are presented in chapter 2. The mixture was sen1 from IWirinesota to V’l-r. After 

that the mixture was heated, mixed and compacted to Slabs. Wearn:; where :ll;siwn from 

the slabs, strain gauges wlierle glued on the beams and the beams were ready for the 

test. Test were made in both stress and strain conlralled rnode OR loading in two tllifferent 

tamperatures, + 15°C: and t 5°C. The results from the test:; are presented in Fiigures 6-7 

arid Table 9. More detailed results are presented in apperndix 3. 

T&ble 9. Material constants and correlation coefficients from the fatigue tests for 
M,n/ROA Ll “Ready Made” low stiffness field mixture. 

STRII%S CONTROL. 



Figure 6. “Ready Made” low stiffness field mixture fatiigue test resubts, + 15°C. 
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figure 7. “Ready Made” low stiffness field mixture fatigue fest results, +6”C. 
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CHAPTER 5: DISCUSSION 

Perm an en t dl e f o r m at ii UI n 

The deformation results arc? presented in Figure 3 and in lable 6. It can be seen in 

Figure 3 that the deformation of Mn/ROAD High Stiffness mixture (lower curve) 

develops lirst rapidly tlurinsg the first 200 passes (the initial Ideformation which may be 

mainly postcompaction) and after that reasonably straighl. Thai is a typical bthavior in 

the wheel-tracking test. 

Mri/ROAD Low Stiffness mixture (Ihigher curve in Figure 3) tiehaves in a very different 

way. There is first similar but greater initial deformation and theri there is a straiglht part 

up to about 6000 passes. After about 6 000 passes delorrnatiori acceWeratt?:; or the 

curve bends upwards. The test h a s  been interrupted at 10 OOC) passes. This kind of 

curve means that the mixture ha:; failed, the test has been too severe lor that mixture. 

'The Mn/ROAD mixtures are compared in Figures 8 and 9 to sotme Finnish biturriinous 

imixtu res. 

18 

16 

14 

Fkgure 8. Cornparation of deformation of rnixtwes, .+3O0C. 
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Fiigure 9. Cornparation of deformation of mixtures, +3O"C. 

The abbreviations are: 

- AE3 is dense graded asphalt concrete 

- ABE is gap graded asphalt concrete 

- SMA is stone mastic asphalt 

- number after it is the imaximiim grain size in millimeters 
- B45, B80, B120 and B200 ;are binders with respective penetrations 

- AH is straiight run bitumen from Saudi-Arabia, trade mark Arabiaru Heavy 

- PrnBl is polymer modified biturnen number 1 (trade mark) 

- percent presents binder cotiteni 

Gradation envelopes are presented later in Figures 10 I. 12. 

The deformation C:UN~ of Ithe MidROAD High Stiffness mixtiire lies between the Finnish 

deirise graded mixtures with bitumens B45 and 1380, Ttue softer. Ibitume.:i B2!OO has 

natiurally deformed more. IBErcause the penetration of the hinder iin the other MrdRBAD 

mix.ture is about 80, this M,n/ROAD mixture is more deforimatrion resistant ,Itlhairi ,the 

Finnish mixture with the sar~iie kind of binder. The reason is that more compact:ioin work: 

has been used. The Finnish1 mixtures have iisually very low woid content, 2 percent is 

a typical value. 
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The gap graded mixtures deform more than dense graded mixtures. They a r e  good 

against studded tires because they have more coarse aggrs!gat:ss.. 

The Mn/ROAD mixtures are compared to the Finnish SMA and I~olyrneo..rriodified 

mixtures in Figure 9. The best mixtures are two polymer modified mixtures with very 
different grading curves or in that case aggregates have very little effect to dofoirrnation 

but the binder is decisive. The delormation properties of !$MA aind gap-graded mixtures 

are about the same if the binder is of the same penetration. The gap-graded vvrth the 

softer bituimen is the worst. 

The Mn/ROAD Low Stiffness behaves like the cornparable AB2O-BI 20 (about the 

same penetration) in the beginning but after 2000 passes il starts to deform mtorc?. Thus 

it has relatively good initial deformation capacity but after some deformation the 

aggregates move slightly, there may be sorrie decompaction arid mixture looses some 

of its stability. 

Aggregates and mixtures are divided rnta performance classes I - IV in the Finnish 

Asphalt Specifications /I/. The permanent deformation classes are presentetl iinl Table 

10. According to that classification the Mn/ROAD High Stitfness mixture would be in the 

class II and the fiAn/FIO#Cl Low Stiffness \,vould be outside the cllassifrcatian. 

Table 10. Permanent deformation classes of compacted paving mixes in Fh/and / IL  

Permanent 
deformation class 

I 
I1 
11.11 
I1V 

Rut depth in laboratory test 
VVheel tracking test, PANK 4205 

Repeated loading 
creep test ----- __I------- 

E 1.0 6 2.C) 
6 1.5 6 3.5 
E 2.0 2 5.0 
E 3.0 .E 16.0 2 6.5 

These classes are not directly connected to the amount of Irdfic but the designer of the 

bituminous mixture rriust judge it. SMAs and good quality asphalt concretes are usually 

in class I, normal asphalt coricrete in class II but in certain cases also iin class Ill like the 

reference mixture of the AS'TO Asphalt Pavement IResearch Piragramme (ptarrrianent 

deformation about 10 mm). Gap graded mixtures are usually in class 1111. Polymearnodified 

mixtures fall usually in class I. 
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The mean annual temperature in Minnesota is about the same i3S in Finlarid but the 

smmers are warmer and winters colder. The axle loads iin Minnesda are smaller than in 

Finland (I 1.5 tons in certaiin cases on driving axle, 10 tons on single axle, 1 Ed tons on 

tandem axle). Thus it is likely that the Low Stiffness mixture is good in Minnesota but 

would not be in Finland. 

The grading curve of Mn/ROAD mixtures are presented in Figure '1 and the wivelopes 

OR the grading curves of the Finnish dense graded, gap graded and SMA rmi:ctures in 

Figures 10 ~ 12. The Mn/ROAD mixture is 'very different from any F:innish rnixtluire, there 

is much more sand (0.25 .... 1 .O mm) than in Uhe Finnish mixtures. II'K r-riake:; the cornpaction 

more difficult and their void content is much greater, 5.3 andl 7.3 percent (Table 6) than 

the Finnish mixtures which (:iften lies around 2 percent. 

PASSING - % * .  n 

Figure 10. Gradation enve,ilope of Finnish asphalt concrete A,Cldii. 
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Figure 1 1. Gradation envelope of Finnish gapgraded asphalt GAC16. 

w 4 .  Q..u. a2.5 Q.2 1 2 4 6 8 .12L6; 
a961 SIEVE SIZE (mm, sieve sizes for JMF: criteria are uiinderlined) 

Figure 12. Gradation envek~pe of Finnish stone mastic: asphabt S'Mn 16. 

The measured and calculated laboratory results are presented in Table 7.. Voids irr 

mineral aggregate (VMA) are 18 and 19 percent, typical values lor ,the IFinnish mixtures 
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are 14-15 percent. \loids filled with bitumen (VFB) art? 61 and 71 percent while the 

Finnish values are ofiten 80 ... 90 percent. 

Compaction of MnIROAD nixlures was more difficult both iin gyratory compactor and 

when slabs were made. The compaction properties were ,als,o clearly differenii from the 

mi.xes used in Finland.. Not 1snl;y compaction (density) is mea.surci:d but also shear force 

(or more exactly shear mament) is measured dwing the gyratory compactnoii.. The 

developr mt of shear during the compaction of MnIROAI:) nnixtures was different. ‘The 

shear force usually increases (and then decreases (Figure ‘I 3). If !:he decreaw is very 

rernarkable there may be later difficulties with permanent. deformation (tzurve A iin Figure 

13). The shear forces in Mnr’RCIAD mixtures did not decrec:;iu;e (Figure 14) but k.tr!pt miore 

or less coristant during the cornpaction (compare to curve C:: in Figure 131,. 

Shear forces cannot Ibe inteirpreted well. I1 the force decreases tolo ininch the pormanernt 

deformation properties may be poor. As the force decreases it may meam that the 

coarse aggregates have foiiirid their stable positioris and af ter  that the only coinipaction 

happens within fine aggregates. Mn/RBAD mixtures has so much sand that ttrc:? co8rse 
aggregates mainly do not touch to each other and thus there is no change in cornpaction 

itself. 

I Compaction properties: 

A: compacts easily -> 
B: compacts n d l y  
C: difficult to compact -::- air voids. risk of initial rutting 

of deformation 

L-___ ________I____-______.- 

Figure 13. Schematic exanyde of the development of shew and density during 
g.vratory compaction of asphalt mixtures. 
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Thus the Mn/ROAD mixtures clearly different from any Finnish mixtures. Asphalt 

rriixtures have usually long traditions and later it is difficult lto kinow the reasons for the 

development of the mixtures. The Finnish rriixtures have typicallly been very dense arid 

void content low. The reason has been to make mixtures which tolerate well the Finnish 

climate; vvater does not penetrate into the pavement. The control of quality twas mainly 

based on the control 01 void content. Later the wear caused try studded lires was 

counteracted with good quality of coarse aggregate; lhere should be as much as 

possible coarse aggregate which lead to great maximum grain sizes and gap graded 

mixtures. The permanent deformation properties becarne important later. The IFinnish 

aggregates are usually relatively irough on the surface. The aviailiibility of good quality 

a{ggregatas has been good until the present time except for only certain ap.c:?i5isu The 

maximum temperatures may be relatively high but only during short periods. It is usually 

during the vacation time vvhen the amount of heavy traffic is at its lowest. 

It is clear that the Mn/RQAD mixtures have also long tradlitions but it is unkncwn to us. 
The reason for the use of relatively high amount of sand may be due to the poor 

availability of the aggregates and based also on clear econonrlical rea:;ons. 
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Eigure 14. DeVe/QprP7ent sf shear and density during compactiorr of Mn/RQAD 
asphalt nnixtiJre. 
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Fatigue properties 

The results of fatigue tests are presented in Figures 6 and 7. In spite of the dilficdties in 

compacting the results are good; nicely on the straighl lines (correlation eoeffic:ients 0.92 

- 0.99, Table 9). Only from six to seven samples were needed ior reliable resirlts. 

As temperature is warmer, in this case 1!5 "C, the lines are at: higher position than in 

lower terriperatures, in this case 5 "C. The difference bt'ffWf:!err these lines is very 

typical. 

Because of the nature of stress and strain control the fatigue cwve from strain control 

tests are higher. 'The difference of strain and stress contrzrlled samples is same kind as 

in normal Finnish biturninovis imixtures. 

Strain control fatigue curves are coimpared to several Finnish mixtures in Figure l!:.. The 

MnIROAD mixture is very close to the Finnish AIB2O-lV B-120 AH 5,8 '%. The 
abbreviations have been explained earlier in chapter 5.1 ,. AIE320-IV is used in our 

previous Asphalt Specifications and means I'hat mixture is dense graded, the grading 

curve lies well within the presertt grading mvelope. IV mixtures have been the most: 
common dense graded mixtures in Finland. 

1 EG4 1 E 4 5  1E47 
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AE3120-IV B-120 LAG 5.8 % is lhe same mixture as the previous one, but the binder is 

from Venezuela, trade mark Laguna. 'Thus simply the origin of bitumen nwy have 

relatively great effect on the 'fatigue properties. 

If lthe binder is harder tht: fatigue curve RS lower like the AB20-.IV B-$0 i4ili (the 

temperature has the same effect). SMAs with Arbocel (libers) arid Gilsonite (natural 

men without fines) make the mixtures stiffer and fatigue CCNN~S lower. 7'1.iere are 

m y  kind of polymer modified bitumens and often they behave in very diffemmt way 

coimpared to straight run bitumens. In this case they have behaved like straight 

bitumens but are lower. 

Stress control fatigue curves are compared to several F:irnniish mixtures in Figure 16. ' T k  

fatigue line of the Mn/ROAI:l mixture is flallter and close to polymer modified I :~ i : t :~ t~~e~ i~ ,  

while the other lines are well1 coimparable to the stress control lines. 

----.-_..-._.I_.I_____-.-.-.--~-------_-._.-~-.I--. I.-- .--_-I-__ _" 

'1 E+04 1E45 1 Ed36 1 E - d 7  

Number of Cvcles to Failure 

The slope of the curve is rela.ted to the power in so-called fourth power rult:? which is 

used in estimating the effects of different axle loads to the .pavement performance. The 

inverse ol the regression coefficient is close to that but it: must be kept in mind Ut-iat there 

are other factor:; which have 'effect, like stress dependency of unbound matcirials and 

subgrade, dynamic loadinlgs, the criteriurn for the cracking arid the final siats of the 

pave men t . 
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The inverse of the regression coefficient is irsually for Finnislh rniixes ;wound 6 I 8. These 

coefficients are depending on the test procedure. The mdirect l:erusi#e test g i \m  values 

around 3-4, four-point beam test around 4-5 and the bil;uniinous beam on the rubber 

s~pport 5-8. 

In the indirect tensile test the material is assumed to blehave as elastic material. 

Bituminous mixture is relatively fat from that and thus the test is i.inwe:xlistic and not close 

to the real life urrder the Irafic load. The specimeris are easy to make and the lest easy 

compared to other fatigue tests. 

The four point bending test is a pure iatigue test., 'The beam is bended similarly or1 both 

sides and there is no vertical compressive stress unlike in tkie paveiment under the traffic 

load. The load in the test is uisually sinusoidal form without any resl. periods, 

The beam on rubber support is realistic because there is both tensile stress at the 

bottom of the bitrimirious sample and there is vertical stress on i17e SUrfi3Ce. Tt-itr! sample 

bends only in one direction arid the rubber pushes it back tc:, origirial posntioin. The 

strains due to the loading in the tests are very similar to the transverse straiins at the 

bottom of asphalt layers in real pavements as a truck passes the strain gage (see for 

instance /a. As a vehicle passes a strain gage there is always conipressioril first and 

then tension and after the pass coimpression once again. The conipression is, however, 

only 10 to 30 percent of the tensile strain (depending on the itempeiraiure anid pa'vement 

structure) and thus far from sinusoidal form. 

Typically fatigue curves are hisgher for samples on rubber support than for Itaur point 

bending or indirect tensxle tests where those are generallly lowest. The strailis are 

calculated from zero level and the real movement from c:ompressiori to tension on 

siriusoidal form test is double compared to values calculated from zero level It tias been 

found at W T T  that generally the fatigue curves tend to be flatter 11  the cimei; an:? higher. 

The data is too small and scattered in order to be sure about ithis phenomenon. 

Rest periods between loadings has remarkable effect on faitigue properties i f  the rest 

period is less than about 1 second1 but very little effect: if the irest period is longer than '1 

second. The VTlr fatigue test applies loading in one second cyclles. One cycle consists 

of 0.05 second loading time and 0.95 second rest period. 
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As it was found that the fatigue curve from stress conlraal test of Nln/ROAD rriixtiires 

deviates so much from others there was lot of interest to check: that nothing Ihais gone 

wrong. The strain measurement system was checked (sitrains are always nneasurer!, 

noit calculated like in some other tests) and some tests were rnaclle vvil:h absolutti?ly same 

material as earlier. This repeated test ga.ve exactly the same results as one year earlier.. 

Because modified bitumc nay cause very different slcupe the! binder was extracted 

from the mixture and the p~~ielration and the ring and ball tests were made Tihe results 

gave typical values for straight run bitumens. 

The change of moduli durinig the test were typical to those seen earlier. Some examlples 

of the evolution in stress and strain controlled tests is different a!; can be seen iini Figure 

17'. 

After all these checks it vim: clear that the behavior of' hAn/RQAID mixture is diilferent iin 

s1:ress mode. The reason may be the high amount of sand. The! coarse aggregate has 

very few contact points between each other and the sand claminates in contacts. This 

makes the crack propaga1:ion slower. 
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figure 17. Examples of stiffness evolution during the fatigue test ("'Ready Allade" law 
stiffness field mixfure, + 15°C). 
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CHAPTER 6: CONCLUSIONS 

Technical Research Center of Finland (VTI)  made wheeltracking and fatigue tcsts of 

Minnesota Test Road (Mn/ROAD) Bituminous Mixtures wil hiiri thle co -operatioil 

between Finnish National Road Administration (Finnra) and Minnesota Clepartnisnt of 

Transportation (MnlDOT). 'The tests were funded by lha Firinra Despite of the 

geographical distance this co-operation succeeded well. 

The bituminous mixtures of I\nn/RC)AD and those used iri f-inland aire diferent \Mhi3t was 

found in preparation of samples. Mn/ROAD sent raw materials (ag~grcgates and 

binders) and ready made mixtures. Compaction was more difficult than compaction of 

Finnish miixtures. Traditionally Finnish mixtures are easy to compacl. It rriixtuires (me 

easy to compact they may also easily deforrn. Bituminous mixture design is a 

compromise betvveen very many factors and there is no absolute truth for instarw?, 

what is the importance of compaction. 

In spite of the differences between Mn/ROAD and Finnish mixtures the ruttirig ol 

Mri/ROAD mixture measured by wheeltracking device was similar if compared 10 dense 

graded mixture with binder of similar penetration. However, the h/Yn/IROAD mixtiire with 

low stiffness binder deformed milch more and was outside the Finnish specifications. It 

may be, however, successful in Minnesota because of smaller axle loads. 

The fatigue properties in strain control were about the same ti.:; corresponding Finnish 

bituminous mixtures. However, the behavior iin stress rnode wvas different, the fatigue 

line was flatter than any Finnish Ibituminous mixture with straight run bitumen, onlly some 

with polymer modified bitumen were sirnilar. It means thaU in cases where stress control 

is important, some overloads may cause excessive crackiinig and on the other side 1:he 

pavement may be very successful with smaller loads,, In general,, stress controll is valid 

if the bituminous part of the road forms an important part of t h e  structural capacQ and 

strain control if the main pad: of the structural capacity is from iuntasuind layers. Neiitlier 

stress control nor strain control corresponds with reality which is sornewhere in 

between. Careful analysis is recommended as the fatigue properties of IMn/ROAI:) 

pavement performance will be analyzed. 

As the results from Mn/ROAD will be compared to Finnish circumstances carefull 

analysis shall be made. In rriany cases the difference due to cjiffeirerit htuminous 
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mixtures has no effect but in certain cases it rnay change conclusions. No general rule 

cannot be given at the present time. 
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