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ABSTRACT

In addition to the adequacy evaluation of existing equipment for Marshall stability manufactured in Korea, a standard sample
is required to verify the new Marshall stability test using IoT system in the era of the 4th industrial revolution. In this study, a
standard sample concept was established by selecting polyurethane, which can be produced with the same composition ratio,
as the standard material, since comparative analysis is not possible with a general asphalt mixture. In order to evaluate the
adequacy and validity of the standard sample proposed in this study, the UTM experiment and experiments for the resting
period were conducted, and a comparative study between the equipments through the Round-Robin Test was conducted to
confirm the applicability of the standard sample. From the comparative tests, the repeatability of the standard sample was
confirmed. And it was found that the standard sample can be used to compare and analyze equipments, as the Round-Robin
test shows the relative error of 5.1% for the Marshall stability test, 0.5% for the indirect tensile strength test, and 6.5% for the
Kim test. In the future, the standard sample proposed in this study requires additional research on the standardization and the
reference value through the round-robin test of domestic equipments.
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Table 1. General polyurethane component

Component Content (%)
Polyether polyop (sucrose) 25
Polyether polyop (Amine) 50
Allerster Polyol 25
tris Phosphate 25
Polydimethylsiloxan 1.5

three-ga amine 4
HO 2
methyl formate 8
Di octyl phthalate 5

1

formic acid
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Table 2. Physical properties of polyurethane

Item Unit
hardness A type 92+2
100% modulus Kegf/em® 65+20
ultimate tensile strength Kgflem® 280 + 25
Tear Strength Kef/em 75+20
tensile stretch % 485+ 50
Resilience % 40+5

Fig. 1. Polyurethane Standard Sample
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Fig. 2. Necessary zig for each experiment



Table 3. Domestic Marshall Stability Equipment Survey Results

Manufacturer possible experiment Hz Note
40~50 NE 12697, ASTN D.
lobal Equi Marshall stabili . . )
Global Equipment company arshall stability test (Effective sampling rate 40 hz) AASHTO T 245
Marshall stability test, load call displacement sensor,
H Research Institute Kim tast, 10 Use Certification Authority
Indirect tensile strength Equipment
EX Research Institute Marshall stability test unknown Integral form Indicator
. . Integral form Internal software
K University Marshall stability test 10 Save Excel File
M o
o arshall. stability test, External software
I University Kim tast, 17
. . Measure and analyzable
Indirect tensile strength
Marshall stabili
arshall stability test, IG-10T Wireless Sharing
10T Development product Kim tast, 20
Platform

Indirect tensile strength
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Fig. 3. Comparative analysis according to Data Acquisition Hz
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Table 4. Quality Standard for Asphalt Mixture

) ) Surface course or intermediate course Base course
Classification
WC-1 ~4, MC-1 WC-5, 6 BB-1 ~4
2
Sy (MPa) 4.25 more them (3.2 more them) é. - EZ;: :111:2)
7500 more them 5,000 more them
Stabilit 6000 th ’
ability (N) (5000 more them) fnore them (3500 more them)
Flow (1/100 cm) 20~40 10~40

S. (N/mm?) 0.8 more them 0.6 more them




Table 5. Marshall stability correction factor table

Test piece thickness (mm) Compensating factor
25.40 5.56
26.90 5.00
60.30 1.09
61.90 1.04
63.50 1.00
65.10 0.96
66.70 0.93
73.00 0.81
74.60 0.78
76.20 0.76
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Table 6. Results of analysis of domestic literature on Marshall stability value

Standard Item Unit Criteria Stability Range (N)
Stability N) 7,500 more them

Surface course (WC-1)

Flow (1/100 cm) 20~40
e 14,498~22,337
Stability N) 7,500 more them
Surface course (WC-2)
Flow (1/100 cm) 20~40
Room temperature asphalt Stabilit N) 2,500 more them
PErare asp Y 3,200~21,540
Base course mixture Flow (1/100 cm) 20~40
Stability N) 5,000 more them
Base course (BB-2)
Flow (1/100 cm) 10~40
- 15,450~28,143
Stability N) 5,000 more them

Base course (BB-3)
Flow (1/100 cm) 10~40
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Table 7. Results of indirect tensile strength analysis in domestic literature

Standard Load (N) Criteria (N/mm?) S: Range (V/mm?)

Surface course (WC-1)

10,168.89 0.8 more them 090~1.14
Surface course (WC-2)
Room temperature asphalt 9,723.85 0.4 more them 0.82~1.10
base course mixture
Medium temperature asphalt 8,964.18 0.8 more them 0.81~0.96
base course mixture
Base course (BB-2)

9,471.03 0.6 more them 0.80~1.10

Base course (BB-3)

Table 8. Results of analysis of domestic literature on the Kim test

Standard Load (N) Criteria (N/mm?) Sp Range (V/mm?)
Surface course (WC-1)
2,789.87 ~4,014.07 4.25 more them 4.33~6.23
Surface course (WC-2)
R hal
oom temperature asphatt 2,313.08 ~ 6,101.64 3.59~9.47
Base course mixture
Medium temperature asphalt ) 101 1) 5 56436 3.20 more them 5.67~7.19
base course mixture
Base course (BB-2)
2,293.75 ~2,770.54 3.22~4.30

Base course (BB-3)
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Table 9. Results of UTM compression experiments on urethane standard samples

Cross-sectional area (cm®) 7.85 7.85 7.85 7.85 7.85 7.85 7.85
Strain rate 0.05% 0.10% 0.15% 0.20% 0.25% 0.30% 0.32%
Compression load (kgf) 13.5 21.9 28.1 343 41.5 49.7 50.9
Rebound load (kgf) 33 10.5 17 24.1 332 45.8 50.9
Stress (kef/em?) 1.719 2788 3.578 4367 5.084 6328 6.481
Unloading stress (kgf/cm®) 0.420 1.337 2.165 3.069 4227 5.831 6.481
Underload =~ 3437747 2788395 2385202  2183.606 2113578  2109.334 ;
Modulus of elasticity
Under load Modulus of 2139 1578.8 1578.8 18335  2088.1 763.94 ;
elasticity Differential
Unloading =~~~ 840338 1336902  1443.005 1534254  1690.862  1943.812 -
Modulus of elasticity
Unloading Modulus of 1833.5 16552 1808 23173 32086 30558 ;
elasticity Differential

Stress

—8— Siress Unloading stress

o 0.001 0.002 0.003 0.004

Strain rate

Fig. 4. Results of UTM compression experiments on urethane standard samples
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Fig. 5. Verification of repeatability through Marshall Stability Test and results



Table 10. Results of existing Marshall Stability Test using standard samples (Temperature fixed)

Note

Relative error (%) Flow (1/100cm,)

PN
17,820
17,800
17,630

40.0

0.39
0.28
0.39

Output value in program when
external indicator 40 is fixed

40.0

40.0
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Table 11. Kim tsat results of conventional equipment using standard samples

Relative error (%)

Sp (MPa)

Average load (N)

Number of tests

Criteria

5.15
5.12
5.17

5,460

0.5%
0.4%

5,450

5,480

14.25 MPa A
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Table 12, Test results of indirect tensile strength of existing equipment using standard samples

Relative error (%)

S (N/mm?)

Average load (N)

Number of tests

3.09

1.06

0.25
Criteria

0.835

8324.5

0.823

8335.2

0.812

8224.6

0.810

8204.9

0.86
0.74

0.817

8250.0

0.816

8240.0
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4. 2|2t BZ=A|22| Round - Robin Test
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Table 13. Comparison test for Marshall stability test using standard sample

[oT Development product 1 University )
Relative error %

P(N) Flow (1/100 cm) P(N) Flow (1/100 cm)
16110 36.0 17303 36.0 7.4
15906 37.0 17347 37.0 9.1
16889 38.0 17355 38.0 2.8
17013 39.0 17610 39.0 35
17205 40.0 17750 40.0 32

Relative error Average 5.1

Table 14. Comparison test for Indirect tensile strength using standard samples

IoT Development product I University .
Relative error %
P(N) S; (MPa) P(N) S: (MPa)
6094 0.60 6130 0.60 0.6
6621 0.65 6580 0.65 0.6
7058 0.70 7110 0.70 0.7
7607 0.75 7580 0.75 0.4
8157 0.80 8170 0.80 0.2
Relative error Average 0.5

Table 15. Comparison test for Kim test using standard specimen

IoT Development product I University .
Relative error %

P(N) y (mm) Sp (MPa) P(N) y (mm) Sp (MPa)

3900 2.75 43 3900 3.25 4.1 4.9
4000 2.85 4.48 4000 3.44 4.12 8.7
4200 2.95 4.60 4200 3.62 4.30 7.0
4600 3.29 4.85 4600 3.98 4.62 5.0
5000 3.60 5.11 5000 4.15 4.79 6.7

Relative error Average 6.5
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