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Analysis of Apparatus Variables for Deformation Strength Test of Asphalt Concrete Based
on Correlation with Rutting and Prediction Model for Rutting
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Abstract

This study dealt with analysis of size effect of testing apparatus for Kim test which measures rut
resistance characteristics of asphalt mixture under static loading. Two columns in different diameter
with each column having different radius of round cut (Curvature) at the bottom were used for testing
asphalt mixture. Deformation load (Pnw) and deformation strength (Kp) were found to have relatively
high correlation with rut depth and dynamic stability of asphalt concrete. Diameter of specimen was not
a significant factor in this test. From the statistical correlation analysis with rutting properties, the
radius of curvature and diameter of loading column were found to be important factor affecting the
results of the test. Among the radius () of curvatures, r=0.5cm and 1.0cm showed much higher
correlation than the column without curvature, and r=1.0cm being better between the two. The column
with diameter of 4cm showed better correlation than diameter of 3cm. Therefore, the column of 4cm
diameter with r=1.0cm was found to be the best among various apparatus sizes. Prediction models for
rut depth and dynamic stability were developed for each aggregate mixture based on Kim test variables
using SAS STEPWISE procedure. Therefore, if this test method is validated through further study, Kim
test can be used for selecting asphalt mixture with the highest resistance against permanent
deformation. ‘

Keywords: Kim test, deformation strength, radius of curvature, diameter of loading column
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I 1. Designation. of mixtures

Designat—

o Description of mixture(mix.)

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

ADL4 | 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.

BDL6 | B agg. D graded AP 80-100 with LDPE 626 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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E 2. Marshall stabilty at OAC and Pmax, v . and Ko for S=10cm specimen

Loading column D=4cm
Marshall

Mixture stahility r = Ocm r = 0.5cm r = 1.0cm

(kgf) Proax v Kp Prax y Kp Proax y Kp

(kgf) | (cm) | (kgf/em®) | (kgf) | (cm) | (kgfem®) | (kgf) | (cm) | (kgfem®)

ADOO 1,054 - - - 468 0.19 416 376 0.19 47.56
ADL4 1,239 764 0.237 60.80 531 0.195 47 386 0.19 48.82
ADL6 1,219 822 0.199 65.41 692 0.18 62.05 576 0.195 72.22
ADS3 1,155 692 0.212 55.07 499 0.199 44.03 461 0.21 56.39
ADS5 1,221 756 0.225 60.16 695 0.21 60.81 550 0.19 69.56
ADPG 1,257 826 0.22 65.73 - - - - - -
BDOO 1,259 692 0.178 55.07 510 0.181 45.68 - - -
BDL4 1,177 - - - 605 0.21 52.94 408 0.228 4855
BDL6 1,364 855 0.199 68.04 616 0.18 55.23 419 0.21 51.25
BDS3 1,104 873 0.236 69.47 633 0.2 55.81 415 0.23 49.23
BDS5 1,008 727 0.21 57.85 613 0.21 53.64 441 0.21 53.95
BDPG 1,191 856 0.237 68.12 - - - 476 0.21 58.23

IE 3. Mean values of

Kim-test variables

. Classifi~ Mean value

Variable cation Prrax N Ko 2 N

(kef) (kgf/cm®)
Diameter 3cm 465.79 | 43 68.94 43
4em 59234 | 61 54.23 61
Radius of Ocm 638.68 43 63.86 43
round cut 0.5cm 475.02 41 54.15 41
(r)* 1.0cm | 46125 | 20 54.58 20
Specimen 10cm 540.43 51 60.67 51
15cm 53962 | 53 59.98 53
Aggregate Gnei§s 54148 | 52 59.94 52
Granite | 538.56 52 60.69 52

* significant at a=0.01
H 4. Prax and Kp under various test variables

K

I3 4em B A 10em TAIA] AR
S Al FAIA A4 A 5 A7 ¥(D/S
= 047} 7PAAN 2 o3t FAA A=
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7(S) 10cmelM AZA(D) dem 85 AHEAlY
Prax el 3em AREAIMT} 242] oko} 933w
27 "l 7 A=A YehtA] > A
22 ARy, 283 o) 19 59 Zo| H
3 e} 3emyt dem FFE EF AR F
A7b G AYE Az s viels YA

= Zzbo|ct

— 0

o | @ | em | N (1;':5 (kggzmz) Note
5 0 | 11 |53882 | 7623
05 | 10 | 34000 5531 ;
10 0 | 10 | 78650 | 6259 :
4 [ o5 | 10 |5820 | 5190 ‘
10 | 10 | 45080 | 5576
3 0 12 | 55067 | 7790
05 | 10 | 40940 | 6380 f
15 0o | 10 |70630] 5619 L S
4 | 05 | 11 56636 | 4636 12l 5. Mode of failure by (a) D=3cm, r=0.5cm
10 | 10 [ 47170 ] 5440 column and (b) D=4cm, r=0.5cm column
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5. Coefficient of determination (R%) between Kim-test variables and RD and DS

R? for D=3cm R? for D=4cm G
Spec. | Prop. Agg. r=0cm r=0.5cm r=Ocm r=0.5cm r=1.0cm Mean mrg;?
RD DS RD DS | RD | DS | RD | DS | RD | DS
P Gnel. | 0.2768 | 0.1083 | 0.4181 | 05501 | 0.7784 | 0.4824 | 0.9464 } 0.8279 | 0.5022 | 0.3697 | 053 054
- ™) Gran. | 05396 | 0.4356 | 08472 | 06222 | 0.4217 | 03562 | 0.6037 | 0.2676 | 0.6680 | 0.9002 | 057 '
10cm K Gnei. | 0.2768 | 0.1083 | 0.5422 | 0.6733 | 0.7784 | 0.4824 | 0.9342 | 0.7920 | 0.6847 | 0.6036 | 059 0595
" Gran. | 05396 | 04356 | 0.9350 | 05927 | 04217 | 0.3562 [ 0.6675 | 05560 | 0.7622 [0.9091 | 062 |
Gnei. | 04240 | 0.1578 | 0.7580 | 0.6792 | 0.6717 | 0.3607 | 0.7551 | 05302 { 0.6120 | 0.7570 | 057 0655
_ P 17 o, 0.6096 | 0.4069 | 0.6731 | 0.9362 | 05661 | 0.9083 | 0.6328 | 0.4832| 0.7156 | 0.9543 | 069 |
15cm Gnel. | 04240 | 01578 | 0.8108 | 0.6132 | 0.6717 | 0.3607 | 0.7716 | 05377 [ 0.6249 | 0.8056 | 0.58 054
K A
P | Gran. | 06096 | 04069 | 0.7303 | 09372 | 03661 | 0.9088 | 0.6320 | 0.6054 | 0.8179 [ 0.9743 | 0.72
Mean 0.3863 | 0.2772 { 0.7143 | 0.7005 | 0.6095 | 0.5270 | 0.7340 | 05750 [ 0.6734 | 0.7842 | 059 | 0.60
Group mean 0.3318 0.7074 0.2940 0.6545 0.7288 0.60 | 0.60
E 6. Mean R? from regression of Pmax and Kp based on various experimental variables
Mean value of R? for
Variable Classification Prax Kp Mean Grouping
RD DS RD DS
Diamel 3cm 0.5683 0.4870 0.6085 0.4906 0.5386 A
fameter 4em 0.6602 06104 0.7008 0.6624 0.6584 B
. Ocm 05360 0.4021 0.5360 0.4021 0.4691 A
Radius Oﬁrgound cut 0.5cm 0.7043 0.6463 0.7531 0.6885 0.6981 B
1.0cm 0.6286 0.7417 0.7549 0.8290 0.7386 B
, 10cm 0.6451 0.4920 0.6542 0.5509 0.5856 A
Specimen
15cm 0.6002 0.6323 0.6705 0.6336 0.6341 A
A Gneiss 0.6145 0.4918 0.6549 0.4810 0.5605 A
ggregate Granite 0.6277 0.6545 0.6683 0.6882 0.6597 A
E 7. Mean R? from regression of Pmax and Ko based on various size variables
Mean value of R’ for
Variable Prax Kb Mean Grouping
RD DS RD DS
em r=0.0cm 0.4625 02772 0.4625 0.2772 0.3698 A
Loading r=0.5cm 0.6741 0.6969 0.7546 0.7041 0.7074 B
d°,°1UH;H r=0.0cm 0.6095 05270 0.6095 0.5270 0.5683 A
“}?Be) er dem r=0.5cm 0.7345 0.5957 0.7516 0.6729 0.6887 B
r=1.0cm 0.6286 0.7414 0.7549 0.8290 0.7386 B
A L0em D=3cm 0.5204 0.4291 0.5734 0.4525 0.4939 A
Specimen D=4cm 0.6534 0.5349 0.7081 0.6166 0.6283 B
dla(rgg‘ter 5 D=3cm 0.6162 0.5450 0.6437 0.5288 0.5834 A
cm D=4em 0.6683 0.7022 0.6920 0.7174 0.6950 B
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E 8. R? for prediction model by aggregate

and r value.
Aggregate r R? for RD R? for DS
0.0cm 0.6223 0.7073
Gneiss 0.5cm 0.6436 08171
1.0cm 0.9999 0.9994
0.0cm 0.4466 0.5359
Granite 0.5cm 0.6326 0.9170
1.0cm 0.9488 0.9972
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~21.5K1+0.00089(P/y)? 2
-9948.16+45365y -61453y”
-0.054P*+0.000067P*+91.164Kp
+0.505Kp°-0.0177Kp +2.05(P/y) (3)

DS(A, 1.0) = -37518263+72793360y +99074P
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