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In order to replace mineral aggregate used as road pavement materials with steel slag aggregate, this present study
evaluated mechanical properties of SMA Concrete mixtures using steel slag aggregate as oxidized slag from electric furnace
in iron works. The variables of this experiment are the aggregate type of mineral and steel slag and the sieve sized of
1omm and 13mm. The physical properties including the specific gravity and absorption rate etc. of the slag aggregate
mixtures satisfied the KS standard as asphalt mixture. As a result of evaluating the mechanical properties of the asphalt
mixtures, the optimum asphalt content of the slag aggregate mixtures were lower than that of the mineral aggregate
mixtures, but other quality standards were all satisfied. In the deformation strength evaluation, the slag aggregate mixtures
were measured slightly higher than that of the mineral aggregate mixtures, and the dynamic stability test satisfied the
2,000pass/mm standard value in all specimens. And, the moduli of resilient of the slag aggregate mixtures showed an
improved value compared with the mineral aggregate mixtures. Therefore, as the resilient rate of the slag aggregate
mixtures improved, it is speculated that there will be an effect of improving public performance according to the repeated

traffic load of the vehicle.
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Fig. 1. Volume comparison of specimens using steel slag aggregate
and mineral aggregate
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Table 1. Conditions of PSMA Mixture

Type Content
AP PG 76-22
Heating temperature of aggregate(°C) 190
Heating temperature of asphalt(°C) 150
short term aging time(h) 1
Mix temperature(°C) 170£10
Compaction temperature(°C) 150+£2




Table 2. Physical properties of steel slag aggregate

Item Unit Method Specification | Result
Surface | g/em® | KS F 2503 =245 3.32
Density -
Absolute | g/cm’ =25 3.28
KS F 2511
Absorption % <3.03.5 1.62
Soundness o
. % KS F 2507 <12 2.5
(Na2So02):5times °
Abrasion o
KS F 2508 <35 21.2
(C Method) % S
Crushing value % KS F 2541 =85 100
Flat or elongated % KS F 2575 =30 125
(3:1)
Immersion expansion | % | KS F 2580 <20 0.0
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Fig. 2. Passing percent-sieve size curve of mineral PSMA
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Fig. 3. Passing percent-sieve size curve of steel slag PSMA

Table 3. Criteria of Mix design of SMA

o Criteria
Classification Standard
13mm 10mm
Asphalt content(%) 6.2 6.6
Air void(%) 2.0~4.0
Air void 2~3% >17 >18
VMA*(%) MOLIT
Air void 2~3% >18 >19
Dynamic stability =2000
VEA** =75

* VMA : Voids in the Mineral Aggregate
** VFA : Voids Filled with Asphalt binder
##% MOLIT : Ministry of Land, Infrastructure and Transport

Table 4. Evaluation method of SMA

Classification Measuring indicator Test methods
Kim test Sb MOLIT

Wheel tracking DS, RD KS F 2374

Resilient of modulus Mri, Mrr KS F 2376
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Loading plate | 0 1 2 3 4 5

Fig. 4. Testing apparatus for deformation strength of asphalt and
load-strain curve
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a = Duration of loading during one load cycle
b = Recovery time

¢ = Cycle time

(a) Load-time pulse
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Fig. 5. Typical of the resilient of modulus

Table 5. Mechanical properties of asphalt mixtures
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Type OACH%) Thickness Bulk specific Max.specific Air void VMA** VEA*** Sb
() 9 . K}
Aggregate Mixtures type (mm) gravity(e/em’) | gravity(g/cm’) (%) (%) (%) (MPa)
PSMA 10mm 6.7 62.6 2.470 32 19.0 832 3.76
Mineral
PSMA 13mm 62 64.1 2473 3.7 182 79.6 345
PSMA 10mm 5.7 59.5 3.184 23 19.6 884 391
PSMA 13mm 53 61.0 3.158 3.0 18.8 843 3.48
Slag PSMA 10mm 57 589 3.184 32 204 84.4 448
(Color : red)
PSMA 13mm 53 60.1 3.158 22 182 88.1 429
(Color : red)

* Optimum asphalt content
** Void in the mineral aggregate
*** Voids filled with asphalt
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Table 6. Final rout depths and dynamic stability values of asphalt

mixtures
Type RD FD DSks DS,
Aggregate | Mixtures (mm/min) | (mm) | (pass/mm) | (pass/mm)
PSMA 0.01053 2.61 3,987 2,468

10mm

Mineral PSMA
0.01215 1.76 3,457 3,918

13mm
PSMA 0.00865 1.99 4,854 3,238

10mm
PSMA 0.00900 1.97 4,667 3,299

13mm

Slag PSMA
10mm 0.00636 1.32 6,600 5,180

(red)

PSMA
13mm 0.00297 1.11 14,130 5,972

(red)
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Table 7. Results of modulus of resilient

Type Density | Air Void Test temp.(°C)
Aggregate |Mixtures type| (g/em’) | (%) 5 25 40
. PSMA 10mm| 2.412 23 4,835 | 1,744 | 351
Mineral
PSMA 13mm| 2.408 2.6 4,049 | 991 152
PSMA 10mm| 3.093 29 8,488 | 1,748 | 374
PSMA 13mm| 3.080 2.5 8,057 | 2,157 | 384
Slag |PSMA10mm| 5 pee 1 30 | 5785 | 1392 | 359
(Color : red)
PSMA 13mm
(Color : red) 3.078 2.5 4,953 | 1,918 | 401

* Optimum asphalt content
** Void in the mineral aggregate
*** Voids filled with asphalt
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Fig. 8. Modulus of resillent of aggregate type according to
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