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Determination of Proper Loading Speed for Deformation Strength Test
of Asphalt Concretes

R I - T Tl I e
Cho Byung J. Park Tae W. Doh Young S. Kim Kwang W.
Abstract

This study was carried out to select proper loading speed for deformation strength (Sp) of asphalt mixtures. Kim test using loading
head of diameter(40mm) with radius(10mm) was conducted to measure S, in different loading speed (10mm/min, 30mmymin, SOmmymin,
70mnyVmin) and whee tracking test was also conducted. The regression analyses between the Sy, values and WT results were carried out
by loading speeds. Higher Sy, was observed as increasing loading speed. This means that loading speed is a high influencing factor on
Sp. The loading speed of 30mm/min was found as an optimum for better correlation with WT results than any other speeds from the

regression analysis between S, and wheel tracking test results. Sy, value measured at other loading speed than 30mnvmin has to apply
the conversion coefficients.

Keywords : deformation strength, loading speed, wheel tracking test, regression analysis, conversion coefficients
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E 1, Designation of binder and description

Designation Description

AP-5 Base Pen. 60-80 binder without any
modifier (Control)

R10 Modified binder with 10% CRM by wt. of

total binder

Modified binder with 6% RLDPE and 5%

RL6RS CRM by wt. of total binder
g Modified binder with unknown content of
PGT6-22 \SBS for commercial PG76-22
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TLEF, 2001 AL89ch o WA e
X3 t}4 7] (Superpave gyratory compactor:
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(Void in mineral aggregate: VMA), & (Air
voids), E3=(Voids filled with asphalt: VFA)
2 HHA2ZEYF(Optimum asphalt
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2.2.2 W87 (Deformation strength: S,)
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A7)14, §,= BYZE (MPa)
P = A85(N)
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r= 3559 4PHANE (mm)
y= 9% (mm)
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18 2. Configuration of round-cut details at the
bottom of loading head
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o WTA 72 $AFAHITIYEREES,
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DS,..(pass!/ mm) = 2(m, +m, +my)
=9 500 , 1,800 3,600] ®)
D DI,SO(? D3,600
A7) Dyy =500cycle A9} A3tz o] (mm)

D, 500 =1,800cycle 949} 2}z10] (mm)
D, 40 =HFcycle 9149 Astz 0] (mm)

6.0

5.0

DS = my+mp+ms
4.0 F

3.0

Depth (mm)

o 500 1000 1500 2000 2600 3000 350G 4000
Cycle

218 3. New dynamic stability calculation suggested
(H#-% % 2006)

3.2n 4 n#
3.1 EEHEA

&E

ZA (37F(A), Ane(B)
F2EA (FH A 13mm, 19mm) 282
HQIE (AP-5, R10%, RLGRSA, SBS PG76-22)

)% 2%e

4280

o
H
HI
HU
i
o

Z 167K E3E °ﬂ fﬂ?ﬂ HEAAE
. OACE 7 285 28 3-5%,
o1, §,& 3.2 MPa Vz}: VMAS) Z
”*5%0}% A AR et ® 2% A
! HA ol FENFOR A
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F 2. Optimum asphalt content{CAC) and
deformation strength(S,)

{Designation OAC [Air Void | VMA | VFA | 8,

@) | (%) | (%) | (%) |(MPa)
AI3AP 53| 455 |16.63]76.62 3.18
AISR10 6.0 | 444 |17.97|75.29] 3.20
AI3RL6R5 | 6.1 | 3.89 |17.73|78.05 3.67
A13PG 53| 407 |16.19]74.84] 4.52
ALOAP 48| 405 |15.14173.28] 3.86
AIORI1D 53| 442 |16.55]73.27] 3.56
AISRL6R5 | 54| 389 [17.73178.05] 3.92
AI9PG 471 407 [1619 7484 514 |
BI3AP 55| 3.04 | 1659 76.25] 3.63
BL3R10 58 | 3.79 |16.98|77.68 | 3.69
BISRL6R5 | 6.1 | 3.72 | 17.60 | 78.86 | 4.56
B13PG 54 421 | 1654|7455 4.49
B19AP 50| 5.79 | 16.08 | 76.45 | 3.20
BI9RI10 56 | 4.05 |17.00]76.19 | 3.2
BIORL6R5 | 5.2 | 4.48 |16.6873.16| 4.41
B19PG 46| 409 |14.86|72.51 | 421

3.2 sENsEE MEAE

HE 160CAAM 1A7HERN ©Y) w3t
71z 7538 tdE A7 100mm
Z79 EA (3 A, Helt B9 2%
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BRI (AP-5, RIO/ RL6R5, PG 76-22) 181
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% 3. S, of 4 mixtures by loading speed {13mm)

10{(rmy/min) | 30(mnyiin) | 50¢muy/imin} | 70{mm/rin)

Mixture | Air | Sp | Air | Sp | Air | Sp | Air | S
woid(%)1 (MPa) void(%) | (MPa) void(%)| OMPa) wid(%)| (MPa)

AP-5 ]4.5312.39]4.712.574.65|3.13/4.10| 3.18

R10 |4.4712.43|4.57]2.76|5.02|3.20{3.27| 3.00

Gnels LGRS [4.27|2.61|5.23] 3.18]5.12|3.57| 4.65 | 3.62

PG76-2213.8414.15(3.864.13|3.82|4.66{3.77| 5.43

AP-5 14.6512.3614.6512.9114.7413.0914.56{3.43

R10 |4.77/2.41]4.20/3.25|4.36|3.52/4.39|3.64

(Gronel pres |4.38]3.38 4.34]3.76|4.33]3.95]4.52[ 4.28

POT6-22/3.7014.28|4.1114.26|3.93|4.90{4.05|5.00

E 4. 8, of 4 mixtures by loading speed (19mm)

10 (mam/min) | 30 (me/min) | 50¢munyinin) | 70(mm/min)

Mixture | Air | S, | Alr | Sp | Air | Sp | Alr | S
oid (%} (MPa) veid(%)| (MPa) {void(%)| (MPa) jvoid(%)| (MPa)

AP-5 14.8112.42/4.07/2.89/4.39/3.83/4.38|3.95

R10 14.7312.86|4.66/3.53|4.59|3.7514,01]4.19

One15 prfR5 [5.11]3.11]5.25|3.79]4.70[4.14]5.02|4.17

PGT6-22 14.3314.75(4.3815.60|4.40|5.5414.30]6.04

AP-5 14.92/2.55(4.25(3.14|4.64(3.44/4.39(3.57

RI10 13.11/2.66|3.68/3.28|3.83|3.41{3.96/3.78

Granle RrAR5 |4.68)3.15]4.95(3.46[4 42[3.64] 4.65|3.92

PO76-22/4.1013.15)4.053.58(4.02)3.953.95|4.62

3.3 siEAsIAS o) e By

T 5= 7 £4B 8 33 A5dolsd TAMAE
2 Uen, olABE ZaE T4 2843
Aol B} B WTAANZE AYH 99

E 5. Result of wheel tracking test

13mm 19mm

Mixture Rut

0AC DSxs | DSy Rut | DSks | DSpew

dpthomn) | (pass/rm) | (pass ) 0AG depthioom) (s | (s o)

AP-5 15.3| 5.54 |3,250;2,451|4.8| 5.47 {4,456/2,363

RI0 16.0] 3.67 |3,709/3,710/5.3| 3.54 |4,620|3,703

O e 16,11 1,71 20.250]7.533| 5.4 | 2.24 |10.500/5.387

PO76-2215.3] 1.73 12,721)7,594/4.7{ 1.94 |12,60016,5613

AP-5 15.5] 5.93 |1,941/2,423|5.0| 6.46 {1,752/2,229

R0 |5.8]3.54{3.671{4,416(56]5.32 |3,408{2,537

Grante ' BaR5 5.1 2.19 |12.651]6.218] 5.2| 2.46 |12.685]6.004

POT62215.4] 1.63 [9,20618,155|4.6| 1.60 18,55219,008
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S fgte] sAEN S %4146}9%‘:}.

a8 49 55 5% D=40mm9) 3a Hub
r=10mme| 588 FAIEEE £9 10, 30,
50, 70mmellA] Z+zke] W8 3TE 2438 a 0|8 WT
AEel FEPsio|sle] FHAAE IJAEN S 27

£ 2oZ) AFARNSEEE dojd WP (S,)
st WTAIZY Zstdolsje] 2aAAE Y &9
30mme] £57}F R2ol H 0.8767= 7F¢ £ Uet
Wt} Aoz £x7b wE A £9 50mmyt
TOmmE W=7 A vebdow wEel 2x
WTA g2 4ol Hulst FAoA] WA Vel

Gneiss 13mm mixture

5 { B1Omviin /2 = 0.4353
£30mmymin B2 = 0.7165
®50mm/min R? = 0.5042

o7ommymin B2 = 0.5103

But depth{mm)

o
T

2.0 3.0 4.0 8.0 8.0 7.0
Sp{vPa)

(a)

5t Gneiss 1 Bram mixture

W 1OmYmin B2 = 0.808
230mmy/min R%=0.8376
®50mmvmin A% = 06213
oO70mm/min B2 = 0.5736

Rut depth{imm)
w
—

2.0 3.0 40 5.0 8.0 7.0
Sp(MPa)

(b
1% 4. Correlation between WT rut depth and

deformation strength by loading speed
(a) gneiss 13mm (b) gneiss19mm
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7
g
L a8 o Giranite 13rmm mixture
5 W 0mmin ¥ = 0.8722
£ .
4 A30mrin RE = 0.9508
= =
& #50mvmin A% = 0.8351
o 3
; D70mming /57 = 9,.9213
2
1
0 L
2.0 2.0 4.0 5.0 B.0 70
SplMPa)
{a)
8
7 Granite 18rmm Mixture
5 oo W OrmmYmin B2 = 09281

A30mm/min A2 =0.872
®50mm/min R =0.9078
o70mm/vin B2 = (.8465

Rut depth{mm)
B~

2.0 3.0 5.0 8.0

SD?I'\?Pa}
)

T8 5. Correlation between WT rut depth and
deformation strength by loading speed
(a} granite 13mm (b) granite 19mm

I% 62 eSS HEAE(S,) 9 dald
ol9] R29] ste] 3o E SARHE AAlEHS
E 79 289 Yeld Hdf R2o] Ao A&
B, olwf Hue ARAF(RY)7F dolxe
A AEEE 28.31mm/min®] AT},

a9 79 82 srEAstEEd wE MYPAE(S,)

% BAAPE(DS)Y JuAAd BF HAEA9
2 HolZoh Faolslel JBBAS B

A2 £% 30mmd dFAs&EEe R}
0.8831% 714 &4 vebdtt.

=Y

1.0

0.9 4

N /

o7 | |
k= y = 0.000006 x* - 0}000818 x* + 0.031944 x + 0.508542 |

0.8

08

Max R2 at 28.31fnm/min
0.4
0.3 + +
0 10 20 30 40 50 80 70 &0

B 2 (mm/rmin)

12 6. Regression curves of R’ (based of rut depth and
S») quadratic and cubic functions, and the optimum
speed at peak R for each regression curves

3,000
8,000 :
7,000 F
) 5.000 + Gneiss 13mm mixture
€ 5000 | W0mmv/min R = 0.4708
& A30MYImIn 3% = 0.7441
) N
_g 4.000 ®50mm/min R2 = 0,842
@ 3,000 o70mm/min R2 = 0.5652
[ ¥y 1)
2,000
1,000
0
2.0 3.0 4.0 5.0 6.0 7.0
SD(MPa)
(a)
8,000
7,000
£,000
E 5.000 Gneiss 18mm mixture
g ,000 | 10mmvmin /2 = 0.8538
ﬁ 3000 A30mm/min A% = 0.8745
®5S0nrr/min RZ=0.7113
2,000 ;
o 70mm/ming B = 0.541
1,000
0 .
2.0 3.0 40 5.0 6.0 7.0

178 7. Correlation between dynamic stability and
deformation strength by loading speed
(a) gneiss 13mm (b) gneiss 19mm



9.000
8,000 | Granite 3mm mixture]
7.000 }
2 6,000 Y;
£ 5000 | .
< u W i0mmw/min RZ = (.8958
4,900
=] ) .
= { A30mmimin R? = 0.9941
2 3.000 | ;
- 4 o @ 50mmymin RC =0.9789
2,000 }
O 70mm/min R? = 0.9561
1,000
0 A
2.0 30 40 5.0 6.0 70
Sp(MPa)
(a)
10,000
Granite 18mm mixturel
9,060 B A
8,000 {
= 7,000
£
6,000 |
5 ]
g 9000 WI0MTTIn B2 = 0.8425
@ 4,000 }> A30mm/min R2=0.9118
3,000 L A ®50rmvmin B2 = 0.9733
2,000 L o 70mrin R? = 0.8978
1,000 {
2
0

8.0 4.0 5.0 8.0
SD(MPa)

(b)

& 8. Correlation between dynamic stability and
deformation strength by loading speed
{a) gneiss 13mm (b) gneiss 19mm

a9 9 ssAstE R 5,9 FAMHEY R?
o) Wgke] 33} ol o AN AAEle B
A7) &= U9 WA A R2o] AR AL B
oAFTt. olml Hue] R2o] A& AFAIERE
£ 30.22mm/minel 9}, & 62 Hetzlols} 5, F
A= 5,9 33 A9 HARAAA wE
R*°l 7} A Jehbe A& dAZH o2 Y
ZE Aot} & 604 HRo] T 3ARN oA F
I R20| 5& W 28.317 30.222 th Fol7}
Slont o] & Hs HH 29.250]t}, wEbA] o] g} 7}
7hE A9 30mm/minE FF £=2 AAFE A
o] d4A o2 A go] Hel¥ Ao g et
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1.0

0.9 4

0.8 ,

or | y = 3E-08K> - 0.0006x* + 0.022x + 0.6125
&

08

05

Max R2 at 30.22mm/in
04
0.3 : t — et

0 10 20 30 40 50 50 70 80
R #ha S (menviming

& 9. Regression curves of A? (based of DS and S,)
quadratic and cubic functions, and the optimum
speed at peak R? for each regression curves

# 6. Optimum speed, mean and recommended speed
by Rut depth vs S, and DS vs S, in regression analysis
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E 7. Ratio of S, by loading speed(based on 50mm/min)

] S, by loading speed (mm/min)
Binder
10 30 50 70

APS S, | 2.4267 | 2.8800 | 3.3703 | 3.5358

Ratio] 0.7201 | 0.8545 1 1.0491
R10 S, | 2.592 3.205 | 3.47275| 3.6540

Ratio] 0.7464 | 0.,9229 1 1.0522
RLG S, | 3.0600 | 3.5483 .3.8225 3.9965

Ratio| 0.8005 ( 0.9283 1 1.0455
PG S, | 4.0805 | 4.3945 | 4.7603 | 5.2735

Ratio] 0.8572 | 0.9232 1 1.1078
Mean Ratio) 0.7811 | 0.9072 1 1.0644
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18 10. Ratio of S, by loading speed

(based on 50mm/min)
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E 8. Conversion coefficient of 50mm/min
according to loading speeds

&% (mnvmin) | 10 | 20 | 30 40\ 50 | 70
AR 10.78110.85020.905200.95220.9912 110452
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