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1 .Contraction joint
2 Expansion joint
3 .Isolation joint

4 Field molded

5 .Preformed
6.Adhesion Failure
7 .Cohesion Failure
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Fig. 1. Details and image fixtures
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Test Specification Result
Softening point (°C) ASTM D36 114
Asphalt ASTM D5329 Pass
Compatibility
Ductility (25°; cm) ASTM D113 +100
Penetration ASTM D5 36
(25°;0.1mm)
Cone penetration ASTM D5329 26
(25°;0.1mm)
Resilience (25°;%) ASTM D5329 40
Table 1. Properties of bitumen joint sealant
o Y=Y
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UNIT WEIGHT (KG/M3)

Cement Type 11 411
Water 217
Coarse aggregates 951
Fine aggregate 754
Concrete Slump 70
Water-cement ratio 0.53

Table 2. Concrete components
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Fig. 3. Failure-Healing process in the tensile test
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Fig. 2. Microwave, concrete sample and thermal camera
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Fig. 5. (a) The temperature of the thin surface of the bituminous
sealant between two concrete with dimensions of 4 x 4 (b) The
thermal image of the specimen of the thin sealant after 180

seconds of induction heating
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Fig. 4. Temperature-time diagram for bitumen sealant
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Fig. 10. Diagram of the toughness of the sealant at different
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3 ookl b LW sl T gwyy T-T-£

oy L
S8 0le 3 W ad (228 2le3T 3l edal s 4
@l ol e aers bl el oysl () Jsdx 3
5 RS G sl s ke HD e 5 e s
el 0 63,51 (8) Jgdor 53 5 A drnloes CnSS (555
ol odesls 0Lz (G5 AN o I3 55 45 5 5boles
ol am s =Y 5=V lales s hlesT 35 5e glad g
SHES 6P Sk 5 JoS i s w0l S
Pl Gl RS Ol 5 disls QLS 1HV/E Ll O s I
N WP D PNSTIN - P RS WIS P

wps Salp GRS 5 A ds) GRS L alie Lse o

sles s V.:AJ.J—;MMSM‘ b sla S (8= i Sl ess Wy, A JSS

oS sl am s =Y

1500

o
(=4
S
(=]
1

500 A

Stress (kPa)

Ist Tensile 1st Healing 2nd Healing 3td Healing

Ist replicate
—— = 3rd replicate

2nd replicate
—@— Average of peak load

Fig. 8. The trend of stress-strain changes of failure-healing
cyclesat-20° C

JRESTRTIVIE SYv S i PR

Toughness First First Second Third
kJ/m*  Tensile Healing Healing Healing
18.31 27.62  30.01 26.58
-10°C 1951 2664 2833 30.63
21.15 28.6 25.01 27.18
Average 19.65 27.62  27.78 28.13
16.51 25.6 27.79 27.84
-20°C 17.92 27.43 28 25.46
19.5 27.37 25.6 27.9
Average 17.98 26.8 27.13 27.07
10.6 11.42 10 9.07
-30°C 10.4 10.56 8.45 10.45
10.8 9.94 10.81 10.92
Average 10.6 10.64 9.75 10.15

Table 2. Toughness of sealant
Sl > e S e K 255 A5 ol s L, 4SS
(S 303 03k plnadl o585 oy 51) (S gy ot 31 S 5l 53 =T

por S a3l 1 e

1600
1400 -
1200 +
<1000 -

800 -
600 { |
400 - ' /
200 - /7 ;

Stress (kP:

-

Ist Tensile 1st Healing 2nd Healing 3td Healing

Ist replicate 2nd replicate

= = 3rd replicate —e— Average of peak load

Fig. 9. Trend of stress-strain changes of failure-Healing
cycles at -30 °© C .Cohesion failure (loss of sealant
cohesion) after the third tensile test
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-10°C -20°C -30°C
Temperature Strain Stress (kpa) Strain Stress (kpa) Strain Stress (kpa)
First Tensile 0.057 1003 0.0512 966 0.039 723
. First Healing 0.0545 1399 0.058 1367 0.0412 765
Specimen 1 -
Second Healing 0.0562 1499 0.058 1346 0.0413 735
Third Healing 0.0585 1295 0.0564 1346 0.0431 644
First Tensile 0.0545 1062 0.0548 978 0.0431 655
. First Healing 0.0607 1346 0.0575 1391 0.0436 694
Specimen 2 -
Second Healing 0.0605 1511 0.0564 1402 0.0412 657
Third Healing 0.0601 1511 0.0562 1384 0.0413 663
First Tensile 0.058 1058 0.0562 1052 0.042 664
) First Healing 0.060 1460 0.0564 1377 0.0402 667
Specimen 3 -
Second Healing 0.0577 1349 0.0582 1354 0.0393 681
Third Healing 0.0578 1475 0.058 1349 0.0406 653
First Tensile 0.056 1041 0.054 998 0.041 630
First Healing 0.058 1402 0.057 1378 0.042 709
Average -
Second Healing 0.058 1453 0.058 1368 0.041 691
Third Healing 0.059 1427 0.06 1360 0.042 653
Table 3. Stress and strain results of specimens at the time of failure
Lot g 235 5 55 e 5 patls f g
Temperature -10°C -20°C -30°C
HI (Strain)  HI (Stress)  HI (Strain)  HI (Stress)  HI (Strain)  Hi (stress)
Specimen 1 0.96 1.39 1.13 1.42 1.06 1.06
First Healing Specimen 2 1.11 1.27 1.05 1.42 1.01 1.06
Specimen 3 1.03 1.38 1 1.32 0.96 1
Average 0.99 1.39 1.12 1.4 1.07 0.99
Specimen 1 0.99 1.49 1.13 1.39 1.06 1.02
' Specimen 2 1.11 1.42 1.03 1.43 0.96 1
Second Healing ~q - imen 3 0.99 128 1.04 129 0.94 1.03
Average 1.11 1.37 1.04 1.42 0.98 1.02
Specimen 1 1.03 1.29 1.1 1.39 1.11 0.89
) . Specimen 2 1.1 1.42 1.03 1.42 0.96 1.01
Third Healing  ~gpecimen 3 1 139 1.03 1.28 0.97 0.98
Average 1.01 1.35 1.01 1.29 0.96 1

Table 4. Stress and strain healing index of specimens
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Abstract
Proper and timely maintenance of concrete pavement plays a decisive role in increasing the life of these
pavements. Joint plain concrete pavement is a type of concrete pavement used for roads. One of the important
parts of this type of pavement is the joints created in it. The use of joints to provide conditions for expansion
and contraction in concrete pavements and thus reduce stresses due to changes in weather conditions
(temperature and humidity), friction, and facilitate the manufacturing process. Due to the fact that the joint in
the joint plain concrete pavements is a weakened area for the conduction of cracks from unforeseen areas of
the concrete slab to it, the entry of water and other materials into it causes penetration into the underlying
layers of the slab to prevent penetration. Joint Sealants are used in these areas. Hot applied bitumen sealant is
one of the most common sealants used in joints, which is based on bitumen. One of the key factors in the
longevity of concrete pavement is the proper functioning of the joint and joint sealant. The adhesion and
cohesion failures are two main damage types in the hot-applied bituminous joint sealants in concrete pavement
joints. The mentioned failures are caused by the contraction of concrete pavement under the temperature drop
and fluctuation as well as vertical displacement due to passing traffic load. The failure in joint sealant causes
elimination of water proofing feature in joints leading to penetration of water into the sublayers. Subsequently,
the presence of water in sublayers results in pumping of water under the concrete slab, which leads to other
failures types, such as faulting, blow up, corner break. The resealing of joint sealant is the commonly used
approach to repair the joints, which takes considerable costs, times and environmental consequences. In recent
years, induction heating has attracted substantial attentions among the pavement engineers for innovative
applications, specifically for induced healing. The researchers used this method in asphalt mixtures to heal
cracks and microcracks. To make the electromagnetic radiations more effective, they used bipolar additives
such as activated carbon and carbon black to raise the temperature of the asphalt mixture and cover the cracks
and microcracks. In this study, the induction heating and induced healing of asphalt binder was carried out in
reaping the joint sealant and to recover the cohesion-adhesion failures. To this end, a new testing setup and
frame were designed to conduct the tensile test on hot-applied bituminous joint sealant. First, the sealant
bitumen was placed between two concrete blocks, and then the specimens were conditioned at low
temperatures (i.e. -10 °C, -20 °C, and -30 °C). After conditioning, the tensile under a displacement controlled
loading test was carried out until failure point of joint sealant. Subsequently, the broken joint sealants were
exposed to the electromagnetic radiation in a microwave machine to heat and heal the joint sealant. Then, the
tensile test was again conducted on the specimen until failure point. The results showed that induced healing
can recover and heal the joint sealant experienced cohesion-adhesion under contraction loading. This
observation indicates that the induced heating is a potential technique to repair the joint sealants in jointed
concrete pavements.
Keywords: Hot-applied bituminous joint sealant, Induction heating, concrete pavement joints, Induction
healing, Microwave radiations
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