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Development of Failure Criterion of Hot Mix Asphalt Using Triaxial
Shear Strength Test

ABSTRACT

In general, Fracture of the material is not occurring of the maximum normal stress or the maximum shear stress failure in the state.
Maximum normal stress and maximum shear stress in the state of Critical coupling from being destroyed based on the Mohr-Coulomb
theory. Couple of different mixtures, including permeable asphalt pavement, SMA and dense-graded asphalt mixture, were used for
compression triaxial test at 45°C and 60°C. Mohr-Coulomb theory to the analysis of compression triaxial test result of the internal
friction angle 38.9°~46.9° measured somewhat irregularly, but in the case of cohesion, depending on whether the temperature and
immersion of the specimen appeared differently. In addition, Indirect tensile test and compression triaxial test of the asphalt mixture
to determine the correlation between compression triaxial test results assessed as cohesion and internal friction angle calculated using
the theoretical Indirect tensile strength and measured indirectly tensile strength were analyzed. The Measured & Predicted IDT St
values tended to be proportional.
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Table 1. Properties of Asphalt Binder

Type . Testing
Test Spec. | Testing Method Result
Penetration (25°C), > 40 ASTMD 5 553
(1/10 mm) ’
Softing Point (°C) >80 ASTM D 36 99.0
Ductility (15°C) (cm) >50 ASTM D 113 75
Mass of RTFO (%) >0.6 JISK 2207 0.13
Penetration after
>
RTFO (%) 65 ! o4
o Japanese
Toughness (25°C), >200 |Pavement Testing| 373.6
(kg-em) Manual
Viscosity
> >
(60°C), (poise) 200,000 ASTM D 2171 500,000
Density
(15°C) (gfern’) - ASTM D 70 1.03
Flash Point (°C) (g/cm’) - ASTM D 92 >300
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Table 2. Properties of Aggregate

Test Result
Test Items Spec. | Test Method —
Fine Agg. | Coarse Agg.

Apparent S.G. 2.66 2.68
Bulk S.G. >245 | KSF2503 2.56 2.65
Effective S.G 2.59 2.66
Absorption (%) | <3.0 | KSF2504 1.5 0.475
Abrasion (%) <30 KS F 2508 - 27.24

Table 3. Properties of Hot Mix Asphalts

Type of HMA| Permeable | Permeable SMA Dense

HMA HMA 10 mm Graded

Sieve Size (mm) PA-13 PA-20 19 mm
25.0 - 100 - 100

19.0 - 75~100 100 95~100

12.5 100 - 92~100 | 53~78

9.5 93~100 45~70 62~81 35~62

4.75 25~45 30~50 10~31 10~31

Passing
oo |236 | 1530 | 2035 | 1021 | 1021
1.18 ] ] : ]
0.60 | 11-20 5-20 417 | 417
030 | 10~16 3-12 312 | 3~12
0.15 9-15 2-8 3-8 3-8
0.075 | 813 0~4 27 27
Optimum Asphalt | ¢ 43% 50% | 5.5%
Content (%)

Theoretical Max.

Density(g/onr’) 2.410 2.468 2.450 2.460

SHA Dense Braded Hi

Permesbl e HHA

Permesb| e HHA
10 mm 19 mm PA-13 PA-20

Fig. 1. Asphalt Specimen by Gyratory Compactor
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: Dry sample weight in air

: Thickness of the specimen

: Sectional area of the specimen
: Difference level(Water)

: Measurement start time

: Measurement end time

: Displacement of the T1 to T2

Water tank

Water tank perforated board

o Trerre

Fig. 2. Laboratory Permeability Testing Setup

Table 4. Measured Permeability (cm/s)

HMA Compaction Measured Standard| Permeability
(blows/side) | Permeability (cm/s)| Div. |at 15°C (cm/s)
35 0.444 0.115 0.41
PA-13 50 0.195 0.017 0.18
75 0.190 0.058 0.18
35 0.446 0.059 0.41
PA-20 50 0.440 0.059 0.40
75 0.374 0.054 0.33
35 0.407 0.131 0.38
SMA 50 0.332 0.020 0.30
10mm
75 0.308 0.018 0.28
Dense 35 0.002 0.0015 0.002
Graded 50 0.0022 0.0003 0.002
19mm 75 0.0022 0.0003 0.002
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Fig. 4. Mohr's Circles from IDT Strength and Triaxial Test
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Table 5. Measured Indirect Tensile Strength

Condition/ PA-13 | PA-20 | SMA 10mm | Dense Graded

Temperature (°C)| (kPa) (kPa) (kPa) 19 mm (kPa)
Dry/60 99.4 98.3 109.4 164.1
Dry/45 241.3 277.2 365.4 4322
Wet/60 91.7 94.9 98.4 125.8
Wet/45 1574 220.1 3254 398.2
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Fig. 5. Mohr-Coulomb Failure Theory
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Table 6. Parameter of Triaxial Compression Test

Condition Temperature (°C) Confinement 03 (kPa)
b 45°C
Y 60°C 345
45°C 6
Wet 138
60°C

Hydraulic
loading System

Temperature
control chamber |

Triaxial 5
cell

| e Wi = E== Triaxial

Fig. 6. Triaxial Testing Set up
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Table 7. Measured Triaxial Compression Test (1)

SUE SRk vhr|E A

PA-13 PA-20
Condition/ | Confine — —
Deviatoric Deviatoric .
Temp. | ment 63 Peak Peak Strain
©C) (kPa) Stress, Strain (%) Stress, %)
o, (kPa) o,y (kPa)
34.5 2006.7 5.1 2527.5 6.3
Dry/60 69 2803.3 35 2984.9 4.1
138 3046.1 3.6 3826.3 42
34.5 3987.1 3.0 5600.5 6.0
Dry/45 69 4560.5 33 6759.0 6.0
138 5098.0 48 6982.8 6.3
345 1804.1 13.9 2111.0 44
Wet/60 69 2213.5 15.1 2381.7 49
138 3213.3 144 3629.2 5.9
345 2700.0 39 2750.2 5.9
Wet/45 69 3368.8 49 3000.7 6.2
138 37474 4.0 3660.7 5.7

Measured Triaxial Compression Test (2)

SMA 10mm Dense Graded 19mm
Condition/ | Confine — —
Deviatoric Deviatoric .
Temp. | ment 03 Peak Peak Strain
©O) | kPa) | ST iy SIS | (o)
o,y (kPa) o,y (kPa)
34.5 1917.0 52 1984.4 7.6
Dry/60 69 2624.3 5.4 2284.4 7.6
138 2807.6 42 2484.3 7.6
34.5 4622.0 52 3189.0 8.9
Dry/45 69 4894.5 5.8 3341.6 8.9
138 5929.0 3.8 3734.2 153
34.5 2003.3 4.8 1824.6 6.3
Wet/60 69 2363.0 52 2100.1 6.3
138 3450.7 7.8 2732.7 7.4
34.5 3501.8 54 3181.9 7.4
Wet/45 69 4036.5 4.1 3420.1 7.5
138 4622.9 54 3882.4 7.6
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Fig. 7. p-q Plots for Triaxial Testing at PA-13
Table 8. Shear Strength Parameters (1)

Condition/ PA-13 PA-20
Temp. (°C) | ¢ (deg) | C (kPa) 0 (deg.) C (kPa)
Dry/60 453 162.7 459 181.5
Dry/45 447 389.1 46.8 395.7
Wet/60 46.3 100.2 46.9 103.8
Wet/45 445 262.1 44.1 265.3

Shear Strength Parameters (2)

Condition/ SMA 10mm Dense Graded 19 mm

Temp. (°C) | o (deg.) C (kPa) o (deg.) C (kPa)
Dry/60 44.6 171.5 38.9 321.9
Dry/45 45.7 372 39.8 490.2
Wet/60 46.5 111.6 447 146.9
Wet/45 45.2 310.2 42.0 407.3
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Fig. 8. Relationship of Measured Permeability K and Cohesion
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Table 9. Summary of Measured IDT St and Predicted IDT St (1)

PA-13 PA-20
Condition/ Measured | Predicted | Measured | Predicted
Temperature (°C)| IDT St IDT St IDT St IDT St
Dry/60 99.4 88.8 98.3 98.5
Dry/45 2413 2134 2772 213.1
Wet/60 91.7 542 94.9 55.8
Wet/45 1574 144.0 220.1 146

Summary of Measured IDT St and Predicted IDT St (2)

SMA 10mm Dense Graded 19mm
Condition/ Measured | Predicted | Measured | Predicted
Temperature (°C)| IDT St IDT St IDT St IDT St
Dry/60 109.4 94.1 164.1 182.6
Dry/45 365.4 202.3 4322 277
Wet/60 98.4 60.3 125.8 80.5
Wet/45 3254 169.4 398.2 227.5
- 2-sin ¢
’ Ceosd
: 18 -
ﬁ 1+ [—Theoretical
| Tested PA-13
12 1 Tested PA-20
< Tested SMA 10mm =
“ | Tested Dense Graded 19mm i
& (deg.)

Fig. 11. Measured Versus Theoretical (c) to St Ratio

Table 10. Summary of Average c-St Ratios

c-St ratio
Mixture Type DIFF. (%)
THEOR. | MEAS’D
PA-13 1.50 1.84 -18.2
PA-20 1.39 1.84 -24.1
SMA 10mm 1.17 1.84 -36.4
Dense Graded 19mm 1.32 1.79 -26.3
6P 2P
=oy= o= 30y =38, oy === -5,
— Gtan’(45° + 2 -4 @
3.8, =— 5 tan*(45 +2)+2ctan(45 +2)
tan? (45 ° +3)+3 S, .
= 2 =200 g (12)
i > cosgp "t

2tan (45 ° +%)
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