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Background

1 The wet HWTD test is widely used to identify asphalt mixes that are prone

to rutting and moisture damage (Aschenbrener et al., 1993).

Confounding effects of loading and moisture (Lu, 2005; Mohammad et
al. 2015, NCHRP-W?219; Tsai et al., 2016; Swiertz et al., 2017).

Limited specifics are provided in AASHTO T324-17 for the analysis of
results (Mohammad et al., 2017).




Background

] There is a need to separate Loading effects from Moisture effects

] Option 1: Conducting the HWTD test under both dry and wet.

“The moisture sensitivity related performance can be determined by
subtracting the rutting response curve of a dry HWTD test from that of a wet
HWTD test.”

Lu, Q. Investigation of conditions for moisture damage in asphalt concrete and appropriate

laboratory test methods. University of California Transportation Center, 2005.



Background

] Option 2
Separating Load from Moisture Effects in Wet HWT test. (Yin et al., NCHRP
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Materials & Testing Methods

Experimental Plan

_____________________________________________________________________________

______________________________________________ Dry HWT test -+ Wet HWT test
 BBSAASHTOT ¢ .
361 mastic test |dentification of Confounding Effect 5

(mltlal consolidation, confound effect, existing solution)

_____________________________________________________________________________________________________________________

____________________________________________________________________________________

_________________________

----------------- - Validation of the Proposed Method | oo
Validation of the proposed | ! Validation of the normallzatlon ,
parameters 5 | procedure '



: Traffic Binder Type
Mixture ID Aggregate Type Mix Level PG 58
C-MT-528 MT S-28
C-MT-V28 Cisler MT V-28
C-HT-S28 (Granite) HT S-28
C-HT-V28 HT V-28
W-MT-S28 MT S-28
W-MT-V28 Waukesha MT V-28
W-HT-S28 (Limestone) HT S-28
W-HT-V28 HT V-28




Testing Methods
& HWT test:

B -
T

(a) PMW Hamburg Single Wheel Tracker (b) Set up for the dry condition test.



Testing Methods
€ HWT test:

lowa DOT analysis method
Creep Slope: CS
Stripping Inflection Point: SIP
Strip Slope: SS
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Testing Methods

9 Binder Bonding Strength (BBS) test:
Based on AASHTO T36 |

LLoss of POTS =

X 100

(a) BBS test device (b) the equipment to control the temperature.
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. Identification of Confounding Effect




ldentification of Confounding Effect

ORutting depth at first 1,000 passes ANPF
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€ Confounding effect of initial consolidation (First 1000 Cycles)

‘Rutting depths after first 1000
wheel passes are highly

_correlated to the AV contents.

_________________________________________________________________

There are strong confounding
effects of specimen air void
and post-compaction

“consolidation



ldentification of Confounding Effect

€ Effects of water conditioning on the creep stage

° Rut-Difference=Rut(Wet)-Rut(Dry)
IR iU Ty Number Of Wheel passes
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ldentification of Confounding Effect

€ Effects of water conditioning on the creep stage

——C-HT-V28
cees C-HT-528 = =C-MT-528 ——W-HT-528 --- W-MT-528

o C-MT-V28 —=—W-HT-V28 < W-MT-V28

Number of wheel passes

“water conditioning enhancement” is |

observed in all eight mixtures.
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ldentification of Confounding Effect

€ Existing method to solve the confounding effect (Texas method,

NCHRP Project 9-49 )

Inflection point (LCgy) Number of wheel passes oo
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ldentification of Confounding Effect

€ Existing method to solve the confounding effect (Texas method,

NCHRP Project 9-49 )

Number of wheel passes
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ldentification of Confounding Effect

€ Using the proposed method to solve the confounding effect (Texas

method, NCHRP Project 9-49 ) applied to our data.
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ldentification of Confounding Effect

' Proposal of a Novel Analysis Method




Proposal of a novel analysis method for wet HWT

€ Assumptions

O The total rutting depth = the contribution from visco-plastic deformation + the
- moisture-induced damage.

___________________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________________

'O The inflection point of the curve (when the curvature changes from negative to
positive. ) is where the water starts to affect.




Proposal of a novel a

Step 1:Fitting of the raw data

Fit curve with a sixth-degree polynomial
function. (Eq.1)

The inflection point where the second
derivative of the polynomial first reaches
zero after first 1,000 passes. (Eq.2)

Eq.1: RD(N) = P, X N® + P, X N> + P; X N*
+P, X N3+ P X N>+ P, XN + P,

2
Eq2: Too2 =30 x Py x N*+20 x P, x N3 +

12XP3 X N2+6XP,XN+2%xP:=0
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Proposal of a novel analysis method for wet HWT

Step 2: Normalization of the fitted data

Number of wheel passes

The fitted rutting dEDth at first 1000 0 2000 4000 6000 8000 10000 12000 14000
passes should be subtracted from the ' ' ' '
fitted rutting curve to normalize the
data. (Eq.3)

Normallzed Ioadlng passes N"’

Rutting depth (mm)
0]
o

Normalized rutting depth (RD(N™ )]/\*

|
|
|
|
|
|
|
|
L0 i Inflection
| | point
Eq.3:RD(N')* 120 i
= RD(N’ + 1000) — RD(1000) 140 L F | . Normalized Data
-16.0 | I
| A Inflection point
180 < |
I —Raw data
200 L ¥

RD(N')* is the normalized rutting depth, N’ is the normalized number of loading passes, RD(1000) is the fitted rutting
depth at 1,000 passes.

24




Proposal of a novel analysis method for wet HWT

e Overall performance evaluation: Number of Passes to
Failure (12.5mm, NPF) or maximum Rutting Depth

(Rutingy)-
i NPF _ _
. . . A > Normalized loading passes
° Ruttlng reslstance evaluatlon: 00 (f) 20,00 40,00 60,00 80,00 10(,)00 12(,)00[f\14(,)00 16(,)00 18(I)OO 20(,)00
Visco-plastic Ratio (VR) = 20 | | [RDJ. final*vp
RDYP(N')* = a x (N')"R g ool N ,
:%D 80 | AN : (RD]_final*m
* Moisture resistance evaluation: £ o | AN
: : S N\ |
Moisture Ratio (IVIR) s 0L wsmm. . )
S -140 | \
= a Data in negative curvature \
RD?I ] -16.0 | \
MR = nd 55— X 100 a0 | A Inflection point \
RD?ilnal + RDf' 1 . ) i \\
ina 00 L — —Normalized rutting depth ["RD" (N*")) "«

—— Projected visco-plastic deformation [RD*vp (N*' )]+
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. Validation of the Proposed Method




Validation of the Proposed Method

Number of wheel pas
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€ Validation of the normalization procedure

Negative curvature

Normalized loading passes
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Validation of the Proposed Method

€ Validation of the normalization procedure
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Validation of the Proposed Method
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€ Evaluating the Post Compaction Phase Limits

6000

0 1000 2000 3000 4000 5000
T
—@I nflection point
N
., 50% Initial slope S
' pR
, 80% Initial slope RN
, \
N\
2
[@ |nitial slope ~
N\

Assumption: the post-compaction
phase is the first 1,000 passes in |
the wet HWT test .

The point at where the slope is
decreased to 80% or 50% of its

“initial value.

______________________________________________________________________



Validation of the Proposed Method

€ Evaluating the Post Compaction Phase Limits

. Inflection point passes to 80% passes to 50%
Mixture type . .
(pass) initial slope (pass) initial slope (pass)

C-HT-S28 2,100 250 700
C-MT-S28 1,850 200 600
C-HT-V28 4,300 450 1350
C-MT-V28 4,300 450 1450
W-HT-S28 2,000 300 1050
W-HT-V28 4,760 3,000 Not reached
W-MT-S28 1,800 250 850
W-MT-V28 2,600 300 850

Average 2,964 650 979

________________________________________________________________________________________________________________________________________________________________

* Reasonable to define the post-compaction range as the first 1,000 passes.

* There are enough data between 1,000 passes to the inflection point that can

be used to build the visco-plastic rutting model.




Validation of the Proposed Method

€ Validation of the proposed parameters

Mictures | NPF-new | RDgo RDfhar VR MR NPF-lowa

(pass) (mm) (mm) (log mm/ log pass) (%) (pass)
C-HT-S28 6320 -8.7 -3.8 0.89 304 6377

(rutting sensitive)

C-MT-S28 4300 -8.1 4.4 0.95 34.9 4073
C-MT-V28 13400 -6.9 -5.6 0.75 45.0 11892
C-HT-V28 16300 -4.0 -8.5 0.74 67.6 16143
W-HT-528 5300 -5.3 -7.2 0.92 57.6 5395
W-HT-V28 13000 -3.9 -8.6 0.79 69.0 13172
W-MT-528 4560 -5.8 -6.7 0.94 53.9 4774
W-MT-V28 9700 -3.2 9.3 0.83 74.6 10093

(moisture sensitive)

_____________________________________________________________________________________________________________________________________________________________________________

 This different ranking confirms that the initial consolidation affects the calculated

parameters in the current analysis method and thus should be discounted.

< MR parameter can be used to evaluate the sensitivity of mixtures.




Validation of the Proposed Method

€ Validation of the proposed parameters

VR determined from the dry HWT test (log mm/
log pass)
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Validation of the Proposed Method

€ Validation of the new parameters: Moisture Effects are related to Adhesion

A

Loss of /
Can Exp

Adhesion

Current parameters BBS test
Loss of Adhesion
Groups SS (mm/pass) SIP (pass) SS/CS POTS (%)
Value Rank | Value | Rank | Value [Rank| Value Rank
C-HT-S28 -0.0052 B 6189 A 4.33 C 16.85 A
C-MT-S28 -0.0059 C 4549 C 2.68 A 30.09 B
W-HT-S28 -0.0045 A 4685 B 3.46 B 33.73 C
Texas method New method
Groups LC,y (pass) LC; (pass) MR (%)
Value | Rank |Value |Rank Value Rank
C-HT-S28 1800 A 6300 A 30.4 A
C-MT-S28 1400 B |4700 C 34.9 B
W-HT-528 1400 B (2200 B 57.6 C

A

lain The MR
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Findings and Conclusions

€ The rutting depths at the first 1,000 wheel passes are very sensitive to the AV contents
of the specimen.

This initial consolidation should be discounted if the interest is in shear
deformation rutting.

€ After eliminating the post-compaction stage, fitting of a simple power-law model allows

effective procedure for separating the visco-plastic response due to loading from the
moisture effects.

Visco-plastic Ratio (VR), the power factor in the rutting modeling, is proposed to characterize the
mixture’s rutting resistance under dry conditions;

Moisture Ratio (MR), the percentage of the moisture-induced deformation in the final rutting depth,

is recommended as a moisture resistance parameter and can be used to indicate the damage
sensitivity of the mixture.

More work is needed to verify this method, especially the comparison with the field
performance.
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