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Specimen Size Effect in Estimation of Rut Resistance based on
Deformation Strength
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Abstract

This study dealt with size effect of specimen in measuring deformation strength and estimating rut resistance of asphalt
concretes under static loading using Kim test. Two aggregates, a norma! asphalt (pen 60-80) and 6 polymer-modified
asphalt (PMA) binders were used for preparation of 14 dense-graded mixtures. Mixtures were prepared based on
optimum asphalt content by Marshall compactor (S = 10cm) and gyratory compactor (S = 15c¢m) for Kim test and for
wheel tracking test. In statistical analysis by general linear model (GLM) procedure of SAS, the diameter of specimen
was found not to be a significant factor that affect the Kim test result. Therefore, it was found that either 10cm-diameter
or 15cm-diameter of specimen gave no significant difference in deformation strength (K;) values in Kim test for any
aggregate mixture. However, the thickness of specimen was found to be a significant factor in determining K. It is
estimated that K, is a function of y, vertical deformation, and y has something to do with thickness of specimen.
Therefore, it is suggested that the thickness of specimen should not be higher than 6.6cm, and the correction factor
depending on the thickness value should be developed in the future study.

Keywords : Kim test, Ko, wheel tracking, rut resistance, thickness
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Designation of Mixtures

Description of mixture

Gneiss(A) agg. dense(D)-graded AC 60-80 mix.

A agg. D graded AC 80-100 with SBR 7% mix.

A agg. D graded AC 80-100 with LDPE 4% mix.
- - T
A agg. D graded AC 80-100 with LDPE 6% mix.

A agg. D graded AC 80-100 with SBS 3% mix.
A agg. D graded AC 80-100 with SBS 5% mix.

A agg. D graded PG76-22 mix.

AHEEIS 2 SBSE AdAdAM Az A 29
PG 76-222 3E3E A= AH&3t
Atk &gk SBRE L7 FAA AlFE 1.
o2M E£3Y f3AE AL,
o= 23.5%9) _/_\.E] 4l z‘él%lzg 7].;5] Designation
Cold Eulsion SBRelt}. o] gt AD50
202 SBR Latex#} Aalv, £ o AD3RT
FolME A o}fABE EFAS | AD3LA
H7lste] gttt AD3L6
AD3S3
2.3 HiEAA AD3S5
ADGT76
£ AT E dul of~ZE(AC 1 BD50

60-80)% 6% PMA (LDPE 4%,

Granite(B) agg. dense(D)-graded AC 60-80 mix.
D graded AC 80-100 with SBR 7% mix. |

A agg.

LDPE 6%, SBS 3%. SBS 5%, BD3L4 B agg. D graded AC 80-100 with LDPE 4% mix. J

SBR 7%, PG 76-22)& F+ T/ & BD3L6 B agg. D graded AC 80-100 with LDPE 6% mix.

A (Hupet sp7koh) o) &8st 147) | BD3s3 B agg. D graded AC 80-100 with SBS 3% mix.

A EFES AT vk uig BD3S5 | Bagg. D graded AC 80-100 with SBS 5% mix.
AE Bl 2% 27t HAolx BDG76 | B agg. D graded PG76-22 mix.
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loading head
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A H 0] 2 o] g3l WHPPEE FI},
40P
K,=
(D =2r—2ry—y* ) ()

714 K, = Deformation strength (kPa)
P = Maximum load (N)
D = Diameter of loading head (cm)
r = raius of round cut (cm)
y = vertical deformation (cm)

Specimen

12l 2. Schematic of Kim test and
its loading mechanism
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a3 3. Atypical load-deformation curve from Kim test
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a8 4. Mode of failure for S=1bcm and
S=10cm specimens
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E 2. Comparsion of P and Ko between S=10cm and S=15 specimens (D=3cm)

P (kN) Kp (kPa)
Mixtures
S = 10cm S = 15cm |7P ratio® S=10cm S=15cm Kp ratio®

AD50 2.84 3.26 1.15 4525.8 5059.3 1.12
AD3R7 2.04 2.85 1.40 3300.9 4397.3 1.33
AD3L4 2.76 4.22 1.53 4585.6 6783.3 1.48
AD3L6 2.48 4.49 1.81 4173.7 T111.8 1.70
AD333 2.49 3.93 1.58 4219.8 5838.9 1.38
AD3S5 3.08 4.12 1.34 5027.9 6763.6 1.35
ADGT6 3.12 4.97 1.58 5064.2 B 7707.0 1.52
BD50 l 3.30 2.48 0.75 5560.4 4003.1 0.72
BD3R7 2.90 2.27 0.78 4633.6 3684.4 0.80
BD3L4 3.81 3.18 0.99 6037.0 6121.3 1.01
BD3L6 4.02 4.00 1.00 6610.7 6561.6 0.99
BD3S3 3.88 4.11 1.06 6214.5 6196.8 1.00
BD3SbH 4.05 3.50 0.86 6496.9 5554.5 0.85
BDGT6 4.38 5.49 1.25 6850.9 7857.1 1.15
Mean | 122 | 1.17

% Ratio = (P for S=15cm)/(P for S=10cm)
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E 3. Comparsion of P between S=10cm and S=15cm specimens {D=4cm)

Mixture P(kN) using 4(0.5) column for P(kN) using 4(1.0) column for
types | S =10cm | S = 15cm | Pratic* | S=10cm | 8 = 15¢cm | P ratio®
AD500 459 | 416 0.91 3.68 3.68 1.00
AD3R7 3.00 4.21 1.41 2.93 3.17 1.08
AD3L4 5.20 6.04 1.16 3.78 4.97 1.31
AD3L6 6.78 5.32 0.78 5.64 5.04 0.89
AD3S3 4.89 4.30 0.88 4.52 4.17 0.92
AD3S5 681 | 545 0.80 5.39 4.73 0.88
ADGT6 7.06 6.82 0.97 6.24 6.08 0.97
BD500 5.00 4.09 0.82 3.24 3.06 0.94
BD3R7 4.25 2.92 0.69 3.03 2.36 0.78
BD3L4 5.93 4.04 0.68 4.00 3.60 0.90
BD3L6 6.04 7.52 1.25 4.11 3.88 0.95
BD3S3 6.20 6.93 1.12 4.07 3.76 0.93
BD335 | 6.01 5.35 0.89 4.32 4.03 0.93
BDG76 6.54 7.49 1.15 4.66 5.66 1.21
Mean | 0.96 0.99

% Ratio = (P for S=15cm)/(P for S=10cm)

E 4. Comparison of Ko (kPa) between S=10cm and S=15¢cm specimens (D=4cm)

Mixture Kp(kPa) using 4(0.5) column for Kp(kPa) using 4(1.0) column for
types S=10cm S=15cm Ky ratio® S=10cm S=15cm Kp ratio®
AD500 4079.6 3481.4 0.85 4689.5 4217.8 0.90
AD3R7 2634.1 3500.0 1.33 3603.9 3814.8 1.06
AD3L4 4610.1 4920.0 1.07 4755.2 5944.8 1.25
AD3L6 6085.0 4466.0 0.73 7081.4 5850.6 0.83
AD3S3 4318.9 3655.9 0.85 5756.5 47425 0.82
AD3S5 5963.4 45071 0.76 66734 | 5704.5 0.85
ADGT76 6271.4 5562.3 0.89 7915.0 6521.4 0.82
BD500 4484 .6 3607.9 0.80 3970.7 3493.1 0.88
BD3R7 3839.3 2561.5 0.67 3751.0 2775.3 0.74
BD3L4 5191.6 36304 | 0.70 4760.1 42227 0.82
BD3L6 5413.3 6407.7 1.18 5028.9 4569.9 0.91
BD3S3 5487.8 5646.7 1.03 4816.0 42296 0.88
BD3S5 5242.6 4517.9 0.86 5362.3 45925 0.86
BDG76 5763.4 6019.3 1.04 5710.4 5700.6 1.05
Mean 0.91 0.91

% Ratio = (Ko for S=15c¢m)/(Ko for S=10cm)
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E 5. Thickness of Kim test Specimens

_ 3=10cm S= 15cm ]
Mtlxture D=3cm D=4cm L_D=3cm L D=4cm
ypes
r=0.5cm r=0.5cm r=1.0cm r=0.5cm r=0.5cm r=1.0cm
&500 6.40 6.41 6.38 6.50 6.56 6.70
AD3R7 6.52 6.47 6.41 6.81 6.98 6.57
AD3L4 6.39 6.44 6.43 6.49 6.49 6.47
AD3L6 6.39 6.44 6.42 6.50 6.55 6.68
AD3S3 6.41 6.44 6.41 6.54 6.75 6.77
AD3Sh 6.42 6.39 6.39 6.56 6.51 6.61
ADGT76 6.48 6.49 6.40 6.46 6.46 6.50
Mean 6.43 6.44 6.41 6.55 6.61 6.62
BD500 6.36 6.23 6.21 6.63 6.70 6.67
BD3R7 6.15 6.13 6.21 6.58 6.68 6.57
BD3L4 6.25 6.25 6.20 6.61 6.70 6.64
BD3L6 6.16 6.20 620 | 6.63 6.65 6.63
BD3S3 6.13 6.20 6.09 6.14 6.51 6.46
BD3S5 6.13 6.33 6.27 6.52 6.49 6.62
BDG76 6.19 6.09 6.18 6.47 6.56 6.54
Mean 6.20 6.20 6.19 6.55 6.61 6.59
¥ 6. Marshall Stability final DR and DS of each mixture
Property Marshall stability Depth of rut Dynamic stability
Mixtures (kgf) (DR, mm) (DS, cycle/mm)
AD500 1,054 18.62 4 362
AD3R7 1,038 20.61 322
AD3LA 1,239 13.97 58
AD3L6 1,219 10.27 | 608
AD3S3 1155 | 18.30 373
AD385 1,221 8.76 843
ADGT6 1,257 | 3.73 2,837
BD500 1,245 20.72 245
BD3R7 1,197 23.22 211
BD314 1,177 14.79 | 436
BD3L6 1,394 3.76 1,946
BD38S3 1,104 11.16 636
BD3S5 1,008 6.59 1,344
BDG76 | 1,191 3.01 5128 |
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# 7. Coefficient of determination(R?) between Marshall Properties DR and DS
Property Marshall Stability Marshall Stability/Flow
DR 0.1136 0.1227
DS 0.0517 0.1709
X 8. Coefficient of determination(R?) between Kim test variables and depth of rut
R*for rut depth (DR)
Specimen Agg. Property D=3cm D=4c¢m Mean Note
=05 r=0.5 r=1.0
el Grei P 0.5584 0.9215 0.8608 0.7802
nei
Mars o elss K, 0.5598 | 09156 | 0.8468 07741 | K@ iy
ecime =
Ssp~1ocm Granit P 0.9070 0.8062 0.8713 08615 |,
- T
anite Kp 0.9721 0.8268 0.9049 0.9014 b
= (0.8209
Mean 0.7496 0.8703 0.8766 0.8293
Gnei P 0.3442 0.8005 0.8743 0.8397
i
Gyefi‘t‘”y celss Ky 09205 | 08193 | 08773 | o084 | K mean
men =
i Geanit P 07833 | 08180 | 08340 | 0818 | 0.8502
¢ Ky 08021 | 08200 | 08618 | 08280 | g'eoo
Mean 0.8345 0.8194 0.7769 0.8379 ’
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£ 9. Coefficient of determination(R?) between Kim test variables and dynamic stability

R? for dynamic stability (DS)
Specimen Agg. Property D=3cm D=4cm Mean Note
r=05 r=0.5 r=1.0
Ginei P 0.4732 0.6000 0.6984 0.5905
iss
Marshall ne K, 04776 | 0.5959 0.6952 05896 | Kpmean
specimen = 0.6858
_ P 0.8211 0.6311 0.8158 0.7560
S=10cm Granite P mean
Kp ] 0.7818 0.6879 0.8765 0.7821 - 0.6733
Mean 0.6384 0.6287 0.7715 0.6795
Cnei P 0.6334 0.7157 0.8452 0.7314
- iss
Gyratory ne K, 0.6191 0.7263 0.6194 0.6549 | Ko mean
specimen = 0.7239
3=15 . P 0.7853 0.7253 0.7475 0.7527
cm Granite P mean
Kp 0.7858 0.7058 0.8869 0.7928 ~ 0.7420
Mean 0.7059 0.7183 0.7748 0.7330
25
Specimen=10cm 25 )
Agg. =gneiss Spe0|men=_100m
201 D=4cm, r=0.5cm 20 | Agg.= granite
D=3c¢m, r=0.5cm
— T
E15f 215t
= a
) 3
S 10f S 10
03: [od
05F y=—8E-06x+0.0047x+1.3642 05 F y=-0.004"x+0.3894x—6.7059
R2=0.9215 ] R=0.9725 N g
0.0 1 I L 1 1 0.0 1 L | 1 L
200 300 400 500 600 700 800 45 50 55 60 65 70 75
P(kN) Kp(kpa)
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E 10. GLM results for dependent variable P and Ko

Pr)F
Source
P KD
Specimen (S) 0.7770 0.8752
Thickness (t) 0.4872 0.0154"
Aggregate (A) 0.5210 0.4382
Skt 0.5158 0.0487*

* Significant at @ = 0.05

# 11. Multiple range test R? for P and Ko based on various size variables

i ) ) Mean value of R*for P Mean value of Rfor Kp
Variable Classification Group Group
DR DS DR DS
. 10cm 0.8209 0.6733 A 0.8377 0.6858 A
Specimen
15c¢m 0.8260 0.7420 A 0.8502 0.7239 A
Gneiss 0.8100 0.6610 A 0.8232 0.7223 A
Aggregate - -
Granite 0.8366 0.7544 A 0.8647 0.7875 A
10 D=3cm 0.7327 0.6472 A 0.7662 0.6297 A
: cm
Specimen D=dcm | 08650 | 0.6863 B 0.8735 | 07139 B
diameter
(8) 15em D=3cm 0.8138 0.7094 A 0.8613 0.7025 A
D=4cm 0.8317 0.7584 B 0.8446 0.7346 B
t<6.3cm 0.8615 0.7560 A 0.9055 0.7821 A
Thickness | 6.3em<t<6.45cm | 0.7802 | 0.5905 A 0.7814 | 0.5896 B
(t) 6.45¢cm <t<6.6¢cm 0.8205 0.7576 A 0.8638 0.7648 A
6.6cm<t 0.7453 0.6666 A 0.7553 0.6338 B
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o] FHAME 2 237 eH(FE 12). ol
K &8 78 @ AH51E y7h 344 A9 99

< 7] Eoletn FHE. web FAAY F
A7} 912 6.3cm ©]3H6.0-6.3) FAAE AL
3= Ao 71 A o] lg-o]. o2 AL3t= Ao
A4 Aoz R, 6.6m ovu A5

JH

5
5

N

§ 3emETh HUlglFo] Ay HEYEE
o ZA JERteh. FAA A7 vlE 85
o] Y& A9 a5 AMstAl THE AA A
o AGREE WEIROE H7| 232 ZAA7
2N die] 98 EAgith A AHEE B
F 3AA A% o & 273 ¥(D/S)7} 0.42 7}
2 4em BZ 10em ZAA(S)o] }9“6}\_ AR
o A Aste felstenh. AR ® 13014
B %ol A% S=10cm FAIA A 858 D=4cm
AREATS] PEto] 3cm AMHEAI BT} 2A] oo} $-2is)
g 2 @i o3 AeAste vehgA] gkt

kS
70

7;4\23 Aot o), utebd 27 dem d5EE A 10cm ZAIA
# 132 TAIA 2723 stsfo] ©E He2E /\}*‘lo}—“ o] 2AHE | Aol w2 A%
AFAE o), st58e 7—‘?7501 2 4em® 4 Aol = U= Ao FeHar
E 12. Mean values and Duncan s mutltiple range test for P and Ko
Mean value and Duncan’s multiple range test
Variable Classification P K,
N (kN) Group N (kPa) Group
, 10cm 42 4.36 A 42 5159.3 A
Specimen 15cm 42 4.48 A 42 5063.2 A
t<6.3 20 4.60 A 20 5328.0 A
6.3<t<6.45 20 4.60 A 20 5253.4 A
Thickness
6.45<t<6.6 26 4.56 A 26 5211.3 A
6.6<t 18 4.08 A 18 4567.0* B
Gneiss 42 4.46 A 42 5143.6 A
Aggregate )
Granite 42 4.38 A 42 5078.9 A
* Significant at @=0.05
# 13. Pand Ko under various test variables
K
(o) (o) (cm) N () (kPa) Note
3 0.5 14 3.22 5235.8
10 0.5 14 5.59 4956.3
4 1.0 14 4.26 5285.8
3 0.5 14 3.89 5942.8
15 0.5 - 14 5.31 4478.7
4 1.0 14 4.25 4767.0
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(Wheel tracking test)
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