BTH CONFERENCE OM ASPHALT PAVEMENTS FOR SOUTHERN AFRICA

M OF A PRACTICAL FIELD METHOD FOR THE DETERMINATION
ELASTIC RECOVERY OF MODIFIED BINDERS

Airgy ., F.C. Aust® and B.M.J.A. Verhaeghe

Leader ‘Project Manager
is and Transport Technology, CSIR Roads and Transport Technology, CSIR
a, ASA. Pretoria, RSA.

amme Manager
and Transport Technology, CSIR
a, ASA.

ic recovery of a binder is one of the properties which is used to control the quality
i binder in road construction. The laboratory equipment used to determine elastic
ovary is generally too expensive and bulky for standard usage in fisld laboratories.
field elastic recovery test (FERT). based on the standard laboratory ductilometer
. was designed to overcome this problem. In this paper, the design and

ent of FEAT, its repeatability and reproducibility, its sensitivity to changes in
g conditions and finally its correlation with the standard laboratory ductilometar
are addressed. Results of tests conducted using the FERT were found to have
plable repeatability and reproducibility, low sensitivity to changes in testing
nditions and a one-to-one relationship with the results of elastic recovery tests
gtlu;:tﬂd using the standard laboratory ductilometer.

INTRODUCTION

ef the last few years there has been an increase in traffic loading on our roads,
led with an increase in the heavy vehicle component of the traffic and an increase
re pressures. This has resulted in the road surface being subjectad to significantly
gher contact stresses, the rapid deterioration of the road network and increased

855 in the form of cracking and deformation. Added to this is the problem that
s available for maintenance are limited.

are is therefore a growing need for the increased cost effective utilization of our
MBmited resources, This implies an increased use of modified binders, with their
«anham:ad properties such as increased elasticity and recovery properies, lo increase
,"iha rasistance of our roads to deformation and fatigue and to improve their durability.

‘For the benefits of using madified binders to be completely realised, there should be
4l high standard of quality contral on site. Control testing of bituminous binders durmg
nmstrl.uﬂmn is important to ensure the optimum performance of the product. This is
‘even more essential in the changing environment in South Africa, where first warld
fechnology is being implemented in developing communities and where labour-
‘enhanced construction methods are used.
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Certain very important properties of binders can usually only be tested in established
laboratories and with equipment which is too expensive and bulky for general use in
field laborateries. The measurement of the elastic recovery of a binder is one such
propery, which, together with low temperature ductility, is used to ensure the correct
chemical balance and homogeneity of the modified binder by measuring the binder's
internal cohesion and its elastic recovery properties.

Ductility tests require a large ductility bath, while the elastic recovery test can be
performed in a considerably smaller water bath which can be used in field laboratories.
As the apparatus is relatively small, the elastic recovery test can be used in field
laboratories for determining the suitability of modified binders.

This paper details the design and development of the Field Elastic Recovery Test
{FERT) which was conducted on behalf of the Department of Transport (Airgy, 1). A
number of different binders were tested using the FERT and the sensitivity of these
results to changes in test conditions was investigated. The elastic recovery resulls
were then correlated with those obtained from the standard laboratory ductilometer.
The correlation between the standard laboratory test and the field laboratory test is
necessary because the FERT elastic recovary resulis will be used to determine
whather the elasticity of the binder tested falls within specified limits.

2 DESIGN AND DEVELOPMENT OF THE FIELD ELASTIC RECOVERY TEST
(FERT)

2 Design of the field elastic recovery test (FERT) apparatus
The apparatus used for the field elastic recovery test (FERT) is based entiraly on the

ductilometer used for the standard laboratory ductility and elastic recovery tests. The
elastic recovery test procedure (ASTM, 2) is represented graphically in Figure 1.
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Figure 1: Elastic recovery test

Iv-2



s has five main parts, namely the water bath, the guide rods, the
the pulley system and the drwmg mechanism. The top side and
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Figure 2: FERT apparatus - top view

55 steel or aluminium 2 mm thick plates are welded togather to form a water
‘530 mm by 300 mm with a depth of 100 mm. The water bath is supported by
e iron bars welded together to form a cradie, their flanges forming a narrow ledge
side support into which the water bath is placed. This angle iron cradie is

ad on top of four angle iron legs which are strengthened with cross bracing.
outside of the water bath is insulated with polystyrens to help maintain the
erature within the water bath,
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Figure 3: FERT apparatus - side view
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There are two steal guide rods (12 mm ¢) running the length of the water bath. These
steel rods are symmetrically positioned on either side of the water bath and welded
70 mm above the base of the water bath and 220 mm apart.

There are thres testing components, situated inside the water bath but suspended
above the base of the bath by the steel guide rods, which form the main structure of
the FEAT. Thess components are all made from mild steel and consist of a fided
platform, a moving platiorm (draw plate) and a stopping platform,

The fixed platform consists of a base plate with two studs onto which the Dinger
sample moulds are placed. At the back end and on the top surface of the platform are
two columns that connect the base plate 1o the steel guide rods above the plate. The
base plate is therefore suspended 20 mm above the base of the water bath. During
tha test the fixed platiorm remains stationary while the hinder is being stretched,

Pul ley system

Trace wire

Gear box H]:ﬂro

Figure 4: FERT apparatus - end view

The moving platform, like the fixed platform, consists of a base plate with two studs
onta which the sample moulds can be placed. The base plate is suspended 20 mm
above the floor of the water bath by two sets of rallars (wheels) that run along the top
of the steel guide rods. Tha axles of tha rollers are attached to columns connected to
the top surface of the base plate. The +41 kg stress trace wire, used to pull the
platiorm along, is attached to a central column welded onto the top surface of the
base plate.

The moving platiorm is pulled forward by the trace wire which is attached to the driving
mechanism. A set of wheels under the guide rods prevents the draw plate fram
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 while the upper two sets of wheals have outside flanges to prevent the draw
twisting during testing.

opping platform consists of a base plate with a solid block attached to its
Like the fixed platform there are two columns attached to the top of the
which are fastened to the steel guide rods. During the test the stopping
remains stationary while the maving platform is pulled towards it,

e between the front edge of the moving platiorm and the back edge of the
g platiorm is set at 200 mm, which is the maximum elongation allowed for in
t method.

[ system is welded at the stopping platform end to the outside of the water
18 trace wire passes over the pulley system before reaching the driving
m of the FEAT apparatus. The wheel of the pulley has been divided into
¢ lengths as shown in Figure 5. The arc lengths are given from 0 to 200 mm
corrasponding times needed to pull the draw plate at the required elongation
50 mm/min. The elongation times on the pulley wheel are used to aid the
operation of the FERT apparatus.

Figure 5: Elongation time

ving mechanism of the FERT apparatus consists of a manually driven 50:1 gear
inected by means of a bracket to the stand. The driving shatt is turned by the
of, which results in the driven shaft rotating at a ratio of 1 rotation to the
& of the drive shatt. The trace wire used to pull the draw plate is wound
the reel on the driven shaft. This action leads to the draw plate being pulled
its elongation distance of 200 mm,

V-5



6TH CONFERENCE ON ASPHALT PAVEMENTS FOR SOUTHERM AFRICA

2.2 Operation of the field elastic recovery test

The same equipment and procedures are used in the preparation of the binder prior
to testing using the FERT as for the laboratory elastic recovery tast (ASTM, 2).

The field elastic recovery test is used to measure the elastic recovery of bituminous
bingars, mainly modified binders. The testing procedure is identical to that used for the
standard laboratory elastic recovery test using the ductilometer {ASTM, 2). By adding
ice to the water, the temperatura of the water bath is kept at 10°C. The testing
procedure is graphically presented in Figure &

The binder sample is stretched by means of a manually driven elongation system
which provides a relatively constant elongation rate similar to that used in the
laboratory test. The elongation rate for the FERT should be as close as possible to the
ductilometer rate of 50 mm per minute (50 mmi/min), which means an elongation time
of 4 minutes for the 200 mm deflection. The use of the 50:1 ratio gear box and the
marked elongation lengths and times on the puliey wheel, help the FERT operator to
produce the 200 mm elongation at the required rate of 50 mmimin,
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Figure 6: FERT elastic recovery test

The procedure used by the FERT operator consists of staring a stop watch at the
same fime as he stars rotating the drive shaft, As the draw plate is pulled forward, the
pulley wheel will start to rotate. The operator therefore simply altars his rotational
spaed on the drive shaft so that the time on the stop watch corresponds to the times
marked on the rotating pulley wheel as each of these time divisions reach a specific
reference point. The use of a stop watch and the elongation times on the pulley wheel
should rasult in the operator being able to produce the 200 mm elongation within a
time range of 10 seconds either side of the required 240 seconds. This corresponds
to an elongation range of 48 mm/min to 52 mm/min, which is only a 4 prcent error,
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T elastic recovery of the binder specimens can be calculated using

s R A 2 o 100 oo e {Eq.1)
Reading 1

STIC RECOVERY TESTING WITH THE FIELD ELASTIC RECOVERY
(FERT)

an serves to illustrate the principles of the field elastic recovery test (FERT)
ffacts of changing test conditions on the results. The repeatability and
ity (TMH &, 3) of the elastic recovery results obtained from the FERT
a5 well as the sensitivity of these results to changes in the tasting
are investigated. A good repeatability and reproducibility of the elastic
results is essential for confident use of the FERT.

 Repeatability

alastic recovery tests was performed under the prescribed conditions
ad by the South African Modified Binders Committee and given in Table 1, The
2paration follows the same procedure as used for the ASTM test (ASTM, 2),
h the testing temperature follows the guidelines of the low temperature ductility
an in the DIN method (DIN, 4).

Table 1: Elastic recovery testing conditions

Testing condition Value
Temperaiure 10°C
Canditioning time @ 10°C 2 hours
Elongation rate 50 mm/min
Elangation langth 200 mm
Time in elangated state 5 minutes
Recavery time aftar cut 1 hour

er of unmodified penetration grade bitumens and modified binders were testad

apparatus. The elastic recoveries cbtained from the FERT are presentad
ole 2.

the number of tests performed an each binder is not the same, the rangs rather
standard deviation of the results is used to determine the repeatability of the
recovery resuls.

ence of 2 mm or 1 percent between results is acceptable because of the

cal difficulties in placing the cut ends together without distorting the binder or
ing & small gap between the ends. This 1 percent error will also be presant in the
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standard laboratory test. Further erors, related to variations in the binders, will also
be present. Allowing for these additional errors, a § percent error can be assumed 1o
be an acceptable limit.

In Table 2 it can be seen that the repealability of the elastic recovery results is
acceptable, the ranges for the different binders being below the 5 percent acceptable

lirmit.
Table 2: FERT elastic recovery percentages under
standard testing conditions
Test ___E_i_n_c_telg____ 1 ]
number | &0/70 | 80/100 Bit- EVA SBR | SBS | SBS
pen pen Rubber | (6070} | (BO/100)
1 | 35 12,0 B8.5 56,0 61,5 62,0 61,5
2 4.0 12,5 B9.5 555 | 60,0 62,5 61,5
3 50 | 125 | 890 | 575 | 625 | 625 | 615
4 5.0 12,0 Ba.5 57.0 | B35 62,0 60,5
5 57.5 61,5 61,5
B 57.0 62,0 61.5
Average | 4.4 12,3 88,9 56.8 61,8 62,3 613 |
Std dev. 0,75 0.29 0,48 0,82 1.17 0,29 0,41
Range 1.L 05 1,0 20 a5 0.5 1.0

3.2 Sensitivity of the field elastic recovery test

Slight variations in some of the testing conditions can be expected, as the FERT is to
a large extent operator-dependent. Understanding the effects of these variations on
the test results is important if the FERT is to be able to fulfil its role as a practical field
elastic recovery test method.

The elongation rate and the testing temperature are considered areas of possible
variation owing to the fact that they are operator-dependent. Thase two factors, as well
as the pre-testing conditioning time, were varied to enable their effects on the test
results, to be evaluated.

3.21  Varying elongation rates

Three different elongation rates were used during the stretching phase of the elastic
recovery test. The standard rate of stretching the binder through 200 mm in four
minutes (50 mm/min) was used as well as a lower and higher rate of 5 minutes
(40 mm/min} and 3 minutes (67 mm/min).
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lower rates are both extreme cases. The FERT operator should be
n the elongation rate between 46 and 52 mm/min as described in
he rest of the testing conditions were the same as for the standard
est used in Section 3.1,

ware performed at the higher and lower elongation ratas, since the

e FERT was very good as shown in Section 3.1. The elastic recovery

en in Table 3, where the range for the tests falls within the acceptable

ant for all 5 binders and 3 elongation rates. The elastic recoveries at the
rates are shown in Figure 7.

the elastic recovery results obtained from the three elongation rates,

lar binder, is determined by calculating the difference between the
recovery obtained using the standard test conditions and the average

the quicker or slower elongation rates. The similarity standards are the
x-m@pem:atiliiy standards with an acceptable limit being set at a difference

: FERT elastic recovery percentages at ditferent elongation rates

Binders
aoMon EVA SBR 5BS SBS
i pen (BOVTO) {B0/100)
i Time to stretch binder through 200 mm (minutes)
sl d | 3| 5| a|3]|]5]|4a|a|s5]|e|s]|s5]4]35
2o 2% e Lt s =1 LF ] L] L1 L=d] =2a o 1R ] Eis
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3 and Figure 7 it can be seen that the difference between the average elastic
' oblained using the standard test conditions and the average result using the
r slowear glongation rates are wall within the acceptable 5 parcent similarity
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Figure 7: FERT elastic recoveries at different elongation rates

This means that changing the first testing condition likely to vary during field oparation,
i.e, the elongation rate, will have no significant influence on the elastic racovery results
of the binders being tested. One possible reason for the low sensitivity of the 1est
results to the different elongation rates is that the binders all remain in their stretched
state for & minutes after baing stretched. The significance of the elongation rate
thersfore seems to be reduced by the binder remaining in its stretched state for 5
minutes prior to being cut. It is much easier to control the standard 5 minute time in
the elongated state, than the rate of elongation needed to stretch the binder.

The small variations in the elongation rate envisioned during the field operation of the
FERT apparatus should tharefore not effect the elastic recovery resulis or their
repeatability.

3.2.2 Different conditioning times

The second condition that could possibly vary in the field elastic recovary test is the
conditioning time of 2 hours prior to stretching the binder. Three conditioning times of
A0 minutes, ane hour and the standard two hours weara used prior to the elongation
phase of the test.

The reason for choosing the shorter conditioning times was 1o detarming the possibility
of shortening the FEAT procedure. The rest of the testing conditions wera the same
as for the standard elastic recovery test as used in Section 4.1, The elastic recovery
results are given in Figure 8 and Table 4, where the range for the tests falls within tha
acceptable limit of 5 percent for all 5 binders and 2 conditioning times.

In Tabls 4 and Figurs & it can be seen that, for the two penetration grade bitumens
and the two elastomer-modified bindars, the similarity between the shorter conditioned
samples and the 2- hour conditioned samples is within the acceptable 5 percent error
limit. The one hour conditioning period's elastic recovery generally has a greater
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¢ 1o that of the standard 2-hour conditioning period's elastic recovery,
10 that of the 30-minute conditioning period.

FERT elastic recovery percentages after different conditioning times

Binders
GOTO 80100 EVA 5BR SBS
(B0/100)
Conditiening time prior to stretching (howrs)
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er, for the EVA-madified binder, the deviation from the standard test, aftar 30
of condifioning, falls outside the 5 percent acceptable difference. The average
racovary for the 1-hour conditioning period is still within the 5 percent
gble differance compared to the results after the standard 2-hour conditioning

i
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FERT ELASTIC RECOWEAT (%)

SBR 585 CEO0/100
B 30 Minutes m 1 Hour B2 Hours
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Figure 8: FERT elastic recoveries after different conditioning times
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The shortening of the conditioning time therefore seems to have a slight effect on the
elastic recovery of certain binders tested in the FERT apparatus. Mot all the binders
tested showed a significant change in elastic recovery with the decrease in
conditioning time, thereby suggesting that the conditioning time may be shortened but
should not be less than ong hour,

3.2.3 Different testing temperatures

Twa testing temperatures were used during the field elastic recovery test. The first
tfemperature was the standard test temperature of 10°C, while the second temperature
was 50 percent higher at 15°C. The higher temperature was selected to be able o
predict the possible changes that could be envisienad should the FERT operator allow
the test temperature to increase above the standard 10°C temperature.

The elastic recovery results are presented in Table 5, where it can be seen that thare
is a decrease in the elastic recovery at the elevated temperature of the plastomsric
EVA-modified bindaer. The elastomeric SBS-modified bindar showed a different trand,
with an increase in the elastic recovery at the higher tamperature. The deviations from
the standard test for the two binders fall within the 5 percent acceptable difterence.

Large increases of approximately 5°C above the standard fest temperature of 10°C
are not foreseen, &ven though the FERT is opeiator-dependent. The range of
temperature variations can be realistically limited to between 3°C to 12°C with
modearately good operator vigilance during testing. This means that changes in the
elastic recoveries will be even less than the deviations from the standard test found
far the 15°C testing temperature. The slight changes in the testing temperature of
10°C should therefore not adversely effect the similarity of the resulting elastic
recoveries compared to those obtained using the standard testing conditions.

Table 5: FERT elastic recovery percentages at different testing temperatures

Binders
Tost EVA '! SBS (80/100)
number Test temperature (°C) !
10°C . 15°C 10°C 15°C
1 56.0 | 57.0 815 83,0 I
2 555 | 565 815 g25
3 575 i 52,0 15
4 57.0 50,0 605
5 575 515 |
6 57.0 615
Average 588 539 61,3 533 '
5td dev. 0.82 342 0.41 0.25 |
Range 2.0 7.0 1.0 0.5
Difference 288 o 1,79
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le changes in test conditions

effact of changes in the testing conditions on the elastic recoveries
2 FERT was invastigated by simultaneously changing all three testing
sidered likely to change during the FEAT.

overy results are presented in Table 6. In this Table it can be seen that,
average elastic recovery obtained by using the changed testing
greater than the elastic recovery obtained using the standard testing
still within the 5 percent acceptable imit,

effect of changing the testing conditions expected possibly to change
RT, therefore still produces elastic recoveries which ara very similar 1o
Bcoveries obiained using the standard testing variables. Therefora the
of changing the testing conditions has, in this experiment, no
ence on the elastic recovery results obtained from the FERT.

‘stressed that the selected conditions are all extreme values. Smaller
the prescribed conditions (which are more likely) could possibly result
lower sensitivity of the test results.

6: FERT elastic recovery percentages at simultaneous changes
in testing conditions

Test variables
Test 10°C 15°C
number 2 hours 1 hour
50 mm/min 40 mm/min

1 61,5 G645

2 0.0 65,5

a 62.5 Ga

4 B35 645

) B1.5 G

& g2.0 645
AVErage 61.8 643
Sd dav. 117 0,68
Range 3.5 20
Difference 2,50
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4. CORRELATION BETWEEN FIELD ELASTIC RECOVERY TEST (FERT)
AND STANDARD LABORATORY DUCTILOMETER

This section contains the correlation of the FERT elastic recovery results with those
obtained from the standard laboratory ductilometer. The standard elastic recovery tast
variables used in Section 3.1 and given in Table 1 were used for both the slastic
recavary tests in the laboratory {ductilometer) and in the field (FERT apparatus).

The repeatability of the slastic recovery results was determined from the range of the
results. The results can be considered acceptable if they are within the S percent
acceptable limit. The elastic recovery results calculated for the different binders, tested
using the FERT and the standard laboratory ductilometer, are given in Table 7.

The correlation or relationship between the ductiiometer elastic recoveries and the
FERT elastic recoveries can be established by looking at the similarty betweasen the
results cbiained from the two tests. The similarity of the elastic recovery results
obtained from the two tests, for each particular binder, are determined by calculating
the difference between the average elastic recovery percentage oblained, using the
ductilometer test, and the average result, using the FERT. In Table 7 it can be seen
that the differences between the elastic recovery results obtained from the two
methods are within the 5 percent acceptable error limit for all the binders.

Table 7: Ductilometer and FERT elastic recovery percentages

Binders
Test 80/100 Bit- EVA | SBR sBS 58S

pen Rubber (B070) (BOC100)

number Testing apparatus
[=F FERT i [. T8 i FERT Duc. FERT et FERT [LTEN FEAT [ 58 FERT
1 -1+ 1] G A 415 438 (181 L1081 [k B2o ws (307
2‘ L1 45 200 aes 420 435 &a L CLES -5 &5 LN
a ED L] 430 AED 2 RS L3281
4 ' BE e ' 1 B C
5 | L) 381
' Ip 20 &5
ju‘rerage a0 55 L] BER 427 4z 8 : (1] LN ) vk} B3 B1LE E13
std‘ dw an da1 035 045 o (- | oFs 117 035 ] 1) LR
Rang& 1] 10 ok i 15 15 | o3 as '} ) a5 <14} I 0
Difference LE 13 ess | 558 12 )

Tha elastic recoveries oblained from tha FERT can be assumed to have a one-to-one
correspondence with the elastic recoveries obtained from the standard laboratory
ductilometer.
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the carrelation between the standard laboratory ductilometer test and
test graphically. The correlation yielded an R-squared valug

lometer results (%)

2 = gL,5x

20 : 40 : &0 ‘ B0 : 100
FERT results (%)

between FERT and standard laboratory ductilometer

& recovery results for the two tests are expected since both tests
r the same standard testing variables and conditions. The slight
ion rate and the testing temperature expacted in the operator-
recovery test do not significantly effect the elastic recoveries

3s shown in Section 3.2.
' recovery test (FERT) therefore has the ability to produce elastic
; identical to those obtained from the more expensive and bulky
prmarily for modified as well as unmodified binders. The
: in therefore be used independently in the fisld to determine whethar
within the elastic recovery range specified for that particular binder.

_-iﬁ'lhu field elastic recovery test is extremely good, the range of test
isistently within a 5 percent error limit,

fecovery test showed a low sensitivity to changes in the testing I

'included changes to the elongation rate of 50 mm/min, shortening

1 ing time to 1 hour and slight temperature changes above and
ng temperature,
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The elastic recoveries obtained from the field elastic recovery tast comelated very weall
with those obtained from the standard laboratory ductilometer for all types of binders.
The correlation or relationship consisted of a direct linear relationship with the elastic
recovery results from the field elastic recovery test being identical to those trom the
standard laboratory ductilometer test,
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