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A Fundamental Approach for Developing Deformation Strength Based on Rutting
Characteristics of Asphalt Concrete

>

2@ -oeN - AES - HHF

Kim. Kwang-Woo - Lee, Moon-Sup -« Kim. Jun-Eun - Chol, Sun-Ju

Y

Abstract

This study dealt with developing a new approach for finding properties which might represent rut resistance
characteristics of asphalt mixture under static loading. Two aggregates, a normal asphalt (pen 60-80) and 5
polymer-modified asphalts were used in preparation of 12 dense-graded mixtures. Marshall mix design was
used in determination of OAC and each mixture at the OQAC was prepared for a newly-developed Kim test on
Marshall specimen (S=10cm) and gyratory specimen (S=15cm), and for wheel tracking test. Kim test used
Marshall loading frame and specimens were conditioned for 30min at 60°C before loading through Kim tester,
an apparatus consisting of a loading column and a specimen and column holder. Diameter (D) of column was
3cm and 4cm with each column having different radius (r) of round cut at the bottom. The static load was
applied at 50mm/min in axial direction of the specimen, not in diametral direction. The maximum load (Pmax)
and vertical deformation (y) at Pmax point were obtained from the test. A strength value was calculated based
on the Pmx 7, D and y by using the equation Kp=A4P ./ 7(D—2(r—V2ry —y®))? and is defined as the
deformation strength (kgf/cmz). The values of Pmay/y and Ki=Kp/y were also calculated. In general, the
loading column diameter and radius of round cut were significant factors affecting Kp and Pmax values, while
specimen diameter was not. The statistical analyses showed the Kp had the best correlation with rut depth
and (cilynamic stability. The next best correlation was found from Pmax which was followed by Pua/y and K
in order.

Keywords: deformation strength, rut resistance, loading column, maximum load
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E 1. Simplified equation for Kp for given D and r
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E 2. Properties of agaregates

e 19mm Fine ,
Classification | Agg. Filler
agg. agg.
Specific Gneiss 272 2.72
. 2.75
gravity Granite 272 2.74
. Gneiss 0.70 0.26
Absorption -
Granite 0.55 1.41
. Gneiss 18.1
Abrasion
Granite 19.6
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2% 7. Variation of Kp due to y, D and r
under a 300kgf of loading.
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# 3. Designation of mixtures

Designa-

. Description of mixture(mix.)
tion

ADOO | Gneiss(A) agg. dense(D)-graded AP 60-80 mix.

ADI4A | A agg. D graded AP 80-100 with LDPE 4% mix.

ADL6 | A agg. D graded AP 80-100 with LDPE 6% mix.

ADS3 | A agg. D graded AP 80-100 with SBS 3% mix.

ADS5 | A agg. D graded AP 80-100 with SBS 5% mix.

ADPG | A agg. D graded PG76-22 mix.

BDOO | Granite(B) agg. dense(D)-graded AP 60-80 mix.

BDL4 | B agg. D graded AP 80-100 with LDPE 4% mix.

BDLS B agg. D graded AP &0-100 with LDPE 6% mix.

BDS3 B agg. D graded AP 80-100 with SBS 3% mix.

BDS5 | B agg. D graded AP 80-100 with SBS 5% mix.

BDPG | B agg. D graded PG76-22 mix.
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¥ 4. Penetration and viscosity of
polymer—modified asphalts

Binder . Absolute Kinematic
Penetration . . . .

o Viscosity Viscosity

) 25C (0.1mm) . . s

Properties 60C (poise) | 135TC (cP)
ADOO 60 2,464 425
ADLA 66 2,400 636
ADLS 63 5,229 1,047
ADS3 65 2,901 580
ADS5H 62 6,966 1,048
ADPG 67 4,708 805
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X 5. Final rut depth and dynamic stability of
wheel tracking test

operty | Final rut depth Dynamic stability
Mixtures (cm) (cycle/cm)
ADOO 1.8617 3616
ADIA 1.3968 4580
ADL6S 1.0274 6081
ADS3 1.8298 3733
ADSH 0.8758 8428
ADPG 0.373 28368
BDOO 2.072 2445
BDLA 1479 4355
BDL6 0.376 19455
BDS3 1.116 6360
BDS5 0659 13436
BDPG 0.301 5128
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6. Marshall stability at OAC and Ppax (kqf)- using Kim tester for S=10cm specimen

Mixture I\S/[tzrbsiﬁal} Loagin:g 3‘cco;jumn Loaginf 4ccorlr:unn
types (kgf) r = 0cm r = 0.5cm r =0cm r =0.5cm r =1.0cm
ADOO 1,054 442 290 - 468 376
ADL4 1,239 494 282 764 531 386
ADL6 1,219 576 253 822 692 576
ADS3 1,155 520 204 692 499 461
ADS5 1.221 498 - 756 695 550
ADPG 1,257 - 318 826 - -
BDOO 1,259 473 337 692 510 -
BDL4 1,177 605 - - 605 408
BDL6 1,364 602 410 855 616 419
BDS3 1,104 493 396 873 633 415
BDS5 1,008 585 413 727 613 441
BDPG 1,191 639 447 858 - 476

E 7. Pmax (kaf) using Kim tester for S=15cm specimen

Mixture Loading column D = 3cm Loading column D = 4cm

types _ Orcm Ratio | _ O.%cm Ratio | _ Orcm Ratio |r= 0.5cm| Ratio | . li)cm Ratio
ADOO 484 1.10 333 1.15 654 * 424 0.91 - *
ADL4 563 1.14 431 1.53 836 1.09 616 1.16 507 1.31
ADL6 548 0.95 458 1.81 779 0.95 543 0.78 514 0.89
ADS3 529 1.02 401 1.58 - * 439 0.88 529 1.15
ADSHS 541 1.09 - * 753 0.99 556 0.80 483 0.88
ADPG 556 * 507 1.59 836 1.01 696 * 620 *
BDOO 293 0.62 253 0.75 467 0.67 417 0.82 312 *
BDL4 484 0.80 386 * 616 * 412 0.68 367 0.90
BDL6 572 0.95 408 1.00 591 0.70 - * 396 0.95
BDS3 730 148 | - * - * 707 1.12 - *
BDS5 509 0.87 357 0.86 609 0.84 546 0.89 411 0.93
BDPG 799 1.25 560 1.25 920 1.07 764 * 578 1.21
Mean 1.02 1.28 0.91 0.89 1.02

Ratio = (Pmay for S=15cm)/{(Ppgy for S=10cm),
* No value available due to missing test data.
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E 8. Ko using D=3cm loading column of Kim tester for S=10cm specimen

Loading column D = 3cm

Mixture ' r = Ocm r = 0.5cm

types Proax v Kp Pruax v Ko

(kgf) (cm) (kgf/cm®) (kgf) (cm) (kef/cm?)

ADOO 442 0.174 62.59 290 0.221 46.15
ADLA 494 0.186 69.86 282 0.182 46.76
ADL6 576 0.203 81.53 253 0171 4256
ADS3 520 0.207 7361 254 0.165 43.03
ADSH 498 0.216 70.41 - - -
ADPG - - - 318 0.200 51.64
BDOO 473 0.170 66.87 337 0172 56.70
BDLA4 605 0.190 85.60 - - -
BDL6 602 0.221 85.17 410 0.189 67.41
BDS3 493 0211 69.72 3% 0215 63.37
BDS5 585 0.220 82.71 413 0.212 66.25
BDPG 639 0.241 90.41 _ 447 0.242 69.86

9. Ko using D=4cm loading column of Kim tester for S=10cm specimen

Loading column D = 4cm

Mixture r = Ocm r = 0bcm r = 1.0cm

types Prnax v Kp P y Ko Prux y Kp

(kgf) {cm) (kgf/cm?) (kgb) (cm) (kgf/cm’®) (kgf) (cm) (kgt/em®)

ADOO - - - 468 0.190 4160 376 0.189 4762
ADLA 764 0.237 60.79 531 0.195 47.01 386 0.195 4879
ADL6 822 0.199 65.42 692 0.180 62.05 576 0.195 72.21
ADS3 692 0.212 55.07 499 0.199 44.04 461 0210 56.40
ADS5 756 0225 60.19 695 0210 60.81 550 0.190 69.61
ADPG 826 0.220 65.70 - - - - - -
BDOO 692 0178 5507 510 0.181 4573 - - -
BDLA - - - 605 0.210 52.94 408 0.228 4851
BDLS 855 0.199 6300 616 0.180 55.20 419 0.210 51.28
BDS3 873 0.236 69.48 633 0.200 5596 415 0.230 4920
BDS5 727 0210 57.34 613 0.210 5346 441 0.210 5391
BDPG 858 0237 6831 - - - 176 0211 58.22
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10. Kp using D=3cm loading column of Kim tester for S=15cm specimen
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Loading column D = 3cm

Mixture r = Ocm r = 0.5cm
types P,
max y Ko . Proax y Kp .
(k) (em) | (gfemy | RAHO (kgf) em | Ggfferd | RO
ADOO 434 0.199 68.47 1.09 333 0.250 51.59 1.10
ADIA 563 0.233 79.71 1.14 431 0.212 69.17 148
ADLS 548 0.225 7157 0.9 458 0.224 7252 1.80
ADS3 529 0.212 74.89 1.02 401 0.314 59.54 1.38
ADS5 541 0.262 76.50 1.09 - - - *
ADPG 556 0.419 78.64 1.23 507 0.347 74.04 1.49
BDOO 293 0.205 41,51 0.62 253 0.208 40.82 0.73
BDLA 484 0.190 68.47 0.80 336 0.203 62.42 0.85
BDLS 572 0.221 80.89 0.95 408 0.190 66.91 0.99
BDS3 730 0.306 103.21 1.48 - - - *
BDS5 509 0.245 72.00 0.87 357 0.223 56.64 0.85
BDPG 79 0.347 113.09 1.25 560 0.406 80.12 1.17
Mean 1.04., 1.18
Ratio = (Kp for S=15cm)/(Kp for S=10cm).
* No value available due to missing test data.
E 11. Kp using D=4cm loading column of Kim tester for S=15¢m specimen
Loading column D = 4cm
Mixture r = Ocm r = 05cm r = 1.0cm
tpes | p K P Ko P K
max y D . max y . max y D .
kg | e | Gatemd | B | g | (em) | Gatremd | B0 | tgd) | em) | etiemd | B
ADOO 64 0.174 52.06 0.71 424 0.280 35.50 0.85 - - - *
ADILA 836 0.229 66.50 1.09 616 0.254 52.38 11 507 0.224 60.62 1.25
ADLS 779 0212 61.99 095 543 0.280 4554 0.73 514 0.246 59.66 0.83
ADS3 - - - * 439 0.254 3728 085 | 529 0.275 59.09 1.01
ADS5H 753 0.210 50.55 0.84 556 0.309 45.96 1.06 433 0.322 51.12 1.03
ADPG 836 0.381 66.50 1.33 696 0.347 56.72 1.46 620 0.309 66.50 1.77
BDOO 467 0.219 37.13 0.67 417 0.201 36.79 0.80 312 0.258 35.62 0.63
BDIA 616 0.161 49.05 0.68 412 0.178 37.02 0.69 367 0.237 43.06 0.82
BDL6 591 0.163 47.06 0.84 - - - * 3% 0.235 46.60 091
BDS3 - - - * 707 0.350 57.58 1.03 - - - *
BDS5 609 0.197 48.45 0.84 546 0.267 46.07 0.86 411 0.258 46.83 0.86
BDPG 920 0.317 73.24 1.07 764 0.402 61.38 1.33 578 0.373 58.13 1.05
Mean 0.9 0.97 1.01
Ratio = (Kp for S=15cm)/(Kp for S=10cm).
* No value available due to missing test data.
e 7 T P IR R EADEE =R
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E 12. GLM results for dependent variable Kp.

Source df Sum of square Mean square F Pr > F
Specimen (S) 1 0.0446 0.0446 0.00 0.9846
Diameter (D) 1 4111.7944 4111.7944 3541 <0.0001
Radius of round cut (r) 2 4017.2973 2008.6487 17.30 <0.0001
Aggregate (Agg) 1 1.2663 1.2663 0.01 09171
Dxr 1 268.3251 268.3251 2.31 0.1318
SxD 1 584.1515 584.1515 503 0.0272
Error 9% 111485093 116.1303
Total 103 21608.1266

E 13. GLM results for dependent variable Prmax.

Source df Sum of square Mean square F Pr>F
Specimen (S) 1 48449 484.49 0.05 0.8233
Diameter (D) 1 830777.07 830777.07 85.96 <0.0001
Radius of round cut (r) 2 1134135.33 567067.66 58.67 <0.0001
Aggregate (Agg) 1 139.67 139.67 0.01 0.9046
Dxr 1 161.84 161.84 0.02 0.8973
SxD 1 2947497 2947497 305 0.0840
Error % 927848 83 9665.09
Total 103 2499447.96
Hhde] FAIA S FF (S=10cm vHFFAIAL di4(logarithm), *|%(exponential). x®] %
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¥ 14. Correlation coefficient between stability
and rut depth
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E 15. Coefficient of determination (R?) between Kim test variables and rut depth

R2 for rut depth (RD)
Specimen Agg. Prop. D=3cm D=4cm Mean Mng:usy
r=0 =05 =0 =05 =10
P 0.2768 0.4181 0.7784 0.9464 05022 058
S S 0.3206 03301 07921 0.7318 054
Ko 0.2768 05422 0.7784 0.9342 0.6994 0.64
i“ari‘g‘r'l K 0.0001% 0.1618 0.3301 0.7551 0.7409 0.50 Kp=
giocm P 0.539% 0.8472 0.4217 0.6037 0.6680 0.62 0.662
Granite |Pos/y_ | 00001+ 0.0001+ 00121 06121 0.7572 0.46
, Ko 05396 0.9350 04217 06675 0.7622 067 Proinc=
Ki 0.0001* 0.0001 00121 0.5607 0.7908 0.45 0615
Pas 0.4240 0.7580 06717 0.7551 05120 062
Greiss | Py | 0.0001x 0.4251 0.0001% 06147 00173 0.3 Prady
] Kb 0.4240 0.8108 06717 0.7716 0.6249 0.66 -0.415
Gyatory Ki 0.0001% 0.3655 0.0001% 0.4766 0.0001* 042
Sé’fig:: P 0.609 06731 0.5661 0.6328 0.7156 064 K =
Granite | Pze/y | 02644 0.1426 0.0854 0.0001% 0.7516 031 0.390
Ko 0.6006 0.7303 0.5661 06329 0.8179 067
Ki 0.2644 00713 0.0854 0.0001% 03844 0.20
Mean 0.42 051 041 0.70 0.63 053

¥ 16. Coefficient of determination (R?) between Kim test variables and dynamic stability.

R? for dynamic stability (DS)
Specimen Agg. Prop. D=3cm D=4cm Mean Mge;a:u;)y
=0 r=05 r=0 =05 =10

P 0.1083 05501 04824 0.8279 0.3697 047

_ Poa/y | 0.0001% 02471 0.1933 0.6056 0.6642 043

Gneiss ) 0.1083 06733 04824 | 07920 | 06036 053
Marshall Ki 0.0001* 0.1388 01933 0.5555 06615 0.39 Kp=

specimen

om10cm P 0.4356 06222 0.3562 0.2676 0.9002 052 0590

Cranite [Py | 00001 00001+ 0.0056 05114 0.8369 047
Ko 0.4356 05927 0.3562 05560 09001 057 P
K 0.0001* 0.0001% 0.0056 04421 0.8876 0.45 0.560

P 01578 06792 0.3607 05302 0.7570 050
Crgiss | Py | 00001 03124 0.0001 05343 | 0.0001% 0.42 Pra/y
Ko 0.1578 06132 0.3607 05377 0.8056 05 =0.301

Gyratory K 0.0001 0.2580 0.0001# 0.4061 0.0001 0.33

specimen

S=15¢m Pos 0.4069 09362 0.9088 04832 09543 0.74 K =
Cranite | Loy | 02627 0.0609 0.0611 00001 | 05079 0.22 0.410

Ko 0.4069 09372 0.9088 0.6054 09743 0.77

K 02627 0.0812 0.0511 00001% | 0.1452 014

Mean 027 0.48 0.34 055 0.72 047




E 17. R? of Kp with rut depth(RD) and dynamic stability(DS)

Dependent R” for

L Specimen Agg. D=3cm D=4cm
variable =0 =05 =0 =05 ~1.0
S-1oom |_Cneiss 02768 | 05422 | 0.7784 09342 | 06847
Granite | 05396 | 09350 | 0.4217 06675 | 0.7622
RD i Gneiss 04240 | 08108 | 06717 0.7716 | 0.6249
S=lem it 06096 | 0.7303 0.5661 06329 | 08179
S 10em |_Cneiss 0.1083 | 06733 0.4824 07920 | 0.6036
o8 Granite | 04356 | 05927 | 0.3562 0.5560 | 0.9091
ooqoem |__Gneiss 0.1578 | 06132 | 0.3607 05377 | 0.8056
Granite | 04069 .| 09372 | 0.0088 0.6054 | 09743
Mean 0.3698 | 07293 | 05683 06872 | 0.7728
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