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Topics
d Overview: the basics of the SSR experiment

d Research: development and verification

d Practical: draft standard specification




What is the Stress Sweep Rutting (SSR)

Experiment?

a AMPT compatible test for rutting performance
« RLPD and TRLPD (Flow number), Creep test (Flow time), IRLPD
O Test parameters

« Specimen: 100 mm dia. x 150 mm tall specimen cut and cored from
150 mm dia. x 180 mm tall gyratory sample

e Testtemperature: T,,and T,

* Loading: axial compression cyclic test under 10 psi confining
pressure (UTS044 in Controls AMPT)

Loading time = 0.4 seconds
» Rest period = 3.6 seconds for T, and 1.6 seconds for T
» Deviator stress = 100, 70, and 130 psi for T,; and 70, 100, and 130 psi for T,
 Measurements taken = applied load and actuator displacement
ad Two samples for each temperature for a total of four samples in

one day
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SSR Experiment Setup
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SSR Experiment Outcome
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Why Stress Sweep Rutting (SSR) Test?

A B C D E F G H 1 J K L M N [¢] P Q R
1 | pescription
- ====High Temp. - Measured
.:, B 2 | This template fits the shift model to Simplified Triaxial Stress Sweep (5-T5$) data. 00140 'gh Temp.
3 0.012g | ——"lich Temp. - Modsl Predicion
4 | Instructions sssss Low Temp. - Measured ..
5 | 1.Enter the high temperature into cell B16 (highlighted in green). 00100 | — —Low Temp. - Model Prediction 22>
6 | 2. Enter permanent strain 5-TS5 data as a function of loading cycle for the high and low 200080 e
V| temperature into the green cells within the T, and T, tables, respectively. Note that the “
template will work even if you have less than three replicates. 0.0060
3. Click the "Fit Reference Model" button. Select ok when asked if you want to keep the 0.0040
Solver solution.
0.0020 crsaeatsiasee
4. Click the "Find Shift Factors” button. Select ok each time when asked if you want te keep 0.0000 iaiegsarassesssasetissersreast
the Solver solution. 0 100 200 200 400 500 600 700
Number of Cycles
e e
Fit Reference Model Model
-Rep. 1|e,,- Rep. 2|, - Rep. 3| £,,- A AN N,
| Reference Model | Cycle [eyp-Rep. 1lEx, - Rep. 2|6y - Rep. 3| £y, - Average - =t |oredrenion| S9-EFTOT
& 0.00224 1 |oo01294]0.001191 1.24E-03 1 1 1.02E-03 | 4.98E-08
Ny 1788 Find Shift 2 0.001811 | 0.001673 1.74E-03 1 2 161E-03 | 170E-08
B 0.766 Factors 3 0.002162 | 0.002006 2.08E-03 1 3 2.02E-03 | 4.15E-09
Sum Sq. Errol 4 | 0002438 0.002261 2.356-03 1 4 2.33E-03 | 4.35E-10
5 |0.002664| 0.002472 2.576-03 1 5 2.58E-03 | 6.44E-11
ota actor Calculatio 6 | 0002859 ] 0.002655 2.76E-03 1 3 278E-03 | 6.23E-10
Ref Model
T Moy Sq.Error
Evp@N=Ny 7 0.003034 | 0.002812 2.92E-03 1 7 2.96E-03 | 1.28E-09
03 0 7.65E-03 3.1866E-09 0 i 8 |0.0031910.002951 3.076-03 1 8 3.11E-03 | 1.81E-09
e,@N=400 |7.86E-03| 223.512 7.86E-03 | 1.24326-19 | -0.930 9 0.00333 | 0.003074 E-03 1 El 3.25E-03 | 2.41E-09
e,@N=600 |1.0BE-02| 849.235 108E-02 | 31046627 | 0.495 10 | 0.003456 | 0.003187 1 10 | 3.37E-03 | 284E-09
T N Ref Model ok a
' - i @N=Npr SRR i 11| 0003571 | 0.003207 1 11 | 3.49603 | 290E09
e-@N=200 [5.15E-04| 0363 451E-04 | 41277609 | 2742 12 | 0.003678 | 0.003399 12 | 359603 | 2B4E09
e-@N=400 |9.02E-04] 0850 904604 | 19467612 | -2613 13 |0.003778| 0.00349 13 | 3.69E03 | 284609
e-@N=600 |133E-03| 1644 143603 | 1.02946:08 | -2.401 14 |0.003873| 0.003575 372603 14 | 378603 | 285609
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Hie  Zmtgs Toos  Help
W

Futting Results %

Chaoss Compansat

opiastic Strain -

@ Tnaific Data
@ Ouipuss and Anstysis Srbons
@ Feuts

@ Responze

@ Fatgue Cracting

stic Strin

& Spatisl Distribution

Shaw

smin_|
s

Imin_ |
Imas |

Cmax

Rutting Prediction




NC STATE UNIVERSITY

Topics

Q Overview: the basics of the SSR experiment
d Research: development and verification

d Practical: draft standard specification
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Where did this test come from?

d Origins in NCHRP 9-19 and DTFH61-03-H-00116
where the effect of repeated pulses of load, wave
shape, temperature, rest period, etc. were examined

a More directly

1. Multiple TRLPD tests at different load durations, load
levels, and temperatures - Established a model form

2. Triaxial stress sweep test (TSS) using repeated stress
pulses of varying magnitude at multiple temperatures and
one TRLPD test at a reference condition - Simplified

testing

3. Stress sweep rutting (SSR) using repeated stress pulses
of varying magnitude, pulse time, and temperatures -
Further simplified testing

A
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Model Foundation and Experimental
Evolution

d Model basis:

 The equivalence of loading frequency
and temperature in permanent strain
accumulation.

 The equivalence of stress level and
number of loading repetitions in
permanent strain accumulation.

10
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Equivalence of Loading Frequency and
Temperature — Linear Viscoelasticity

Time (loading frequency) and temperature are interchangeable.
» Create a continuous mastercurve by horizontally shifting data
from different temperatures
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Equivalence of Loading Frequency and
Temperature — with Damage

Time-temp. shift factor from |E*| test
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Equivalence of Loading

Frequency and

Temperature — with Plastic Strains

Q Experiments = Multiple TRLPD at 90 psi deviatoric but with
varying loading times and temperatures.

I FHWA ALF Control 90 psi

After Shifting
Reference: 0.1s-54°C

2.0% 2.0%

oy
3
B3

1.6% -

1.2% - 0.4s-54C

0.1s-54C

Horizontal shift distance is
termed the loading time
reduced load time shift

factor, g

0.8% r

0.4% r

o
3
S

Permanent Strain (%): FHWA

0.0% ‘ ‘ ‘ 0.0%
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Equivalence of Stress Level and Number
of Loading Repetitions

O Experiments = Multiple TRLPD at varying deviatoric
stresses and with varying loading times and temperatures.

’After Load Time Shifting ‘ :>
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Shift Model for Rutting

_ @X Nred Describes permanent strain

vp N 5@ evolution at the shifted, or
( red reference condition

N, = Nx10™ x10*

A \ 4

a. =p, |og(§p)+ p, &, =D x(log(GV/Pa)—O.877)

Explains how cycle wise
repetitions at a given loading
time and temperature are

the reference condition

A 4

D £d % T +d,) equivalent to those repetitions at




Shift Model for Rutting

N, = Nx10™ x10*

a. =p, |og(§p)+ P, aszx(Iog(av/Pa)—O.877)

D d xT «1d,)

Q With Multiple TRLPD

tests shifting and
fitting of the results
yields the variables
circled here.

Problem: Testing is
extensive as TRLPD
must be run in its
entirety for multiple
temperatures, pulse
times, and stress
levels. ®
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Triaxial Stress Sweep (TSS) Test

Reference Test (TH)‘_
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Shift Model for Rutting

. xN
& = 0 red <
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Model Verification

Loading history

l

Random Loading Test ‘ S ‘ ’

2.5% °
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Shift Model in FlexPAVEIM

Ty 45,1, Oy
Tiy ty0 Oy,
T tonr Oy
Y
gvp: gOXNred(Tigp’O-v)

(N, +N, (T.&,.0,))

RD = igvp’i xh
i1
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Rutting Prediction by TSS/FlexPAVE™
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Test Method TSS
Reference 1(Ty)
Temp. 3

(Ty, Tpand T))

Pulse Time (s)

0.4

Rest Period (s)

10 (T,), 1.6 (T))

1.6 (T))
Deviator Stress 70, 100, 130
(psi) (Tyand T)
Number of 8
(2 replicates of each
Samples

experiment)

Displacement
Measurement

On-specimen LVDTs

Testing Time incl.

16 hrs for 8 TSS

2.0%

in

Permanent Stra
Q
>

o
<
B

0.0%

70 psi

Simplification of TSS to SSR

100 psi

130 psi

1.5%

TSS

Reference

: /

—

=

P

T

T

200 400
Number of Cycles

22Pre-conditioning experiments ﬁ
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experiment)

Test Method TSS SSR
Reference 1(Ty) -
Tem 3 2
P- (T,, T, and T,) (T, and T,)
Pulse Time (s) 0.4 0.4
: 10 (Ty), 1.6 (T) 3.6 (Ty)
Rest Period (s) 1.6 (T,) 1.6 (T))
Deviator Stress 70, 100, 130 100, 70, 130 (T,)
(psi) (Tyand T) 70, 100, 130 (T))
Number of 8 4
(2 replicates of each | (2 replicates of each
Samples

experiment)

Displacement
Measurement

On-specimen LVDTs

Actuator

23Pre—conditioning

Testing Time incl.

16 hrs for 8 TSS
experiments

6 hrs for 4 SSR
experiments

in

Permanent Stra
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Total SF (aeta)

Load Time SF (ag,)

Shift Factors between TSS an

R

educed Load Time (Sec)

SSR

Vertical Stress (=dev+con)
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Effects of Simplifications on Rut Depths
Predicted by FlexPAVE'M

] 305 R P
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Draft AASHTO SSR Specification

Standard Method of Test for
STRESS SWEEP RUTTING (SSR) TEST

USING ASPHALT MIXTURE
PERFORMANCE TESTER (AMPT)

AASHTO Designation: TP xxx-xx

1 SCOPE
1.1 This standard describes a test method to characterize the resistance of asphalt

mixtures to rutting using the shift model. The stress sweep rutting (SSR) tests are
conducted using the Asphalt Mixture Performance Tester (AMPT).

\/\/\/
2 @ﬁ




Overview of SSR

Test Parameter Quantity
Equipment AMPT
Temperature 2 (Tyand T))

Pulse Time (S)

0.4

Rest Period (s)

3.6 (Ty) orl.6(T)

Deviator Stress (psi)

100, 70, 130 (Ty) or 70, 100, 130 (T))

Displacement Measurement

Actuator

Test Outputs

g N, B, dq, ds, py, @and p,

Replicates

2

Testing Time incl. Pre-conditioning
27

6 hrs for 4 SSR tests
0]

—
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Test Temperature Update

T, = 0.87(58 + 7 x DD — 15 X log(H + 45))

T, = high test temperature, °C,
DD = Degree-Days >10°C (x1000) from LTPPBIind v 3.1, and
H = depth of layer, mm (O for surface layer).

TL _ THPG,98% -ZI_TLPG,SO% +4

T, =low test temperature, °C, and
Thpc g% = Continuous high temperature grade for 98% reliability
Ty pc 509 = continuous low temperature grade for 50% reliability

28 @ﬁ
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Draft AASHTO SSR Specification

Updates from first ETG review

a Wording modified to be consistent with AASHTO

1378

e Maximum aggregate size, High vacuum grease, Balances
requirements, Dummy specimen preparation, Latex
membrane preparation moved to Annex A, Calibration

section, Air void content

ad Samples must be compacted to 150 mm diameter x
180 mm tall height with the gyratory compactor, and
then test specimens cored and cut from these.

d Calculation section completely rewritten so that it is
easier to follow and conduct the analysis.

29 @ii



Section 10 Updates

c = @XNred _ d Section 10 describes the

N (®+ i j\ﬂ) calculation process to

obtain coefficients, g, B,

N, = Nx10™ x10*

N,, dq, d,, p;, and p..

i O FlexMat™ Rutting

i mentioned

ad With these quantities a

i i user can run FlexPave™
D <@\ T @) to predict the rutting of a

A N

a, =p, |og(§p)+ p, &, =D x(log(av/Pa)—O.877)

pavement.

d Annex B also includes a
method to use the model
to predict permanent strain
as possible index

A 4

bjeecceccersercccesserrerererrrereseroreressrorereessererEsrerees parameter. o)
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Section 10:; Calculations

80 X N ref

° (NI + Nref )ﬁ

l

Finding £, #, and N, from
Reference Curve

N =N Xloatotal

ref

31

1. Construct the reference curve (Sec. 10.3)
« Using optimization based on the 100

psi loading block at T,

2. Compute the total shift factor (Sec. 10.4)

0.0450
0.0400 L7 Reference from step 1 |
00350 " SSRatTyor T, e
o030 F e
o020 | T
Y 0.0200 | Shift Factors
o0 | =
oo | 1| o
00050 fts0 |32 Fowl Og[ 200 ]
0.0000 & ' 1 . .
1.2 100 200 300 400 500 600 700
Number of Cycles
©
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Section 10:; Calculations

80 X N ref

’ (NI +Nref )ﬁ

bp = 3. Compute the reduced time shift factor

l and vertical stress shift factor (Sec. 10.5

Finding £, #, and N, from & 106) 2

Reference Curve

[y

Total SF (amtal)
[N

N =N %102 total

l Zi

1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01

Aotal = agp +4a

o
T

(c) Total SF (100 psi)
Ty
T, —5-70 psi
—<100 psi
—-130 psi

Reduced Load Time (Sec)

2

(e) Vertical Stress SF

L

=

Stress SF (agq)
o

'
=

[a,, =D(T)*(log (o, /P,)-089)

Oy
2
l .l (d) Reduced load time SF
&
pl D i 0r
Nref =A-N [é:_p] [ﬂj .qé'l I /
1 P =
a 8-2 L
A =10F ><10—0.877D a a‘fp - pl Iog(é:p) + p2
4 ‘ ‘ ‘ ‘ ‘

.
NS
[

~
o

5 1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-01 1.0E+00 1.0E+01 =10 130 150
3 D= le + d2 Reduced Load Time (Sec) Vertical Stress (=dev+con)
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FlexMAT™-Rutting

O Determines shift model coefficients from AMPT data files
and generates input files for FlexPAVE™

A B C D E F G H I J K L M N 0] P Q R
1 | pescription -
| ---=High Temp. - Mz d
2 | This template fits the shift model to Simplified Triaxial Strass Sweep (5-T55) data. 0.0140 'gh _emp asured
3 00120 b ——High Temp. - Model Prediction
4 | Instructions T e Low Temp. - Measured .
5 | 1. Enter the high temperature into cell B16 (highlighted in green). 0.0100 | — —Low Temp. - Model Prediction j_,,:;"""
6 | 2. Enter permanent strain 5-T55 data as a function of loading cycle fer the high and low =0.0080 [ L]
7| temperature into the green cells within the Ty and T, tables, respectively. Note that the -
8 | template will work even if you have less than three replicates. 0.0060 -
9
10 | 3. Click the "Fit Reference Model" button. Select ok when asked if you want to keep the 0.0040 -
11 | Solver solution. ooo20 p reeasegas et ek an
12 | 4. click the "Find Shift Factors" button. Select ok each time when asked if you want to keep 0.0000 lossrsesserssprosaressgzetisstin e == 72 77 . .
ﬁ the Solver solution. 0 100 200 300 400 500 600 700
15 Number of Cycles
i I |
17 Fit Reference Model Model i
1 - Rep. 1|g,, - Rep. 2|&,, - Rep. 3| £, - & AN N 5q. E
18 X Crcle |- Rep. e Rep. e -Rep-3| 2 Average | Mg | Moo [ ML | s error _
19 & 000224 || = (N, +N ).5 1 0.001294 | 0.001191 1.24E-03 1 1 1.02E-03 | 498E-08 |
Ny 1.788 d Find Shift 2 0.001811 | 0.001673 1.74E-03 1 2 1.61E-03 1.70E-08 |
n B 0.766 e 3 0.002162 | 0.002006 2. 0BE-03 1 3 2002E-03 | 4.15E-09 |
22 |Sum Sq. Error| 2.22E-07 4 0.002438 | 0.002261 2.35E-03 1 4 2.33E-03 | 435610 i
23 5 0.002664 | 0.002472 2.57E-03 1 5 258E-03 | 6.44E-11 i
2 Total Shift Factor Calculation Ny = Nl 0= 6 | 0002859 | 0.002655 2 76E-03 1 6 278603 | 6.23E-10 I
N Ref Model Sq. Error a . (AN
ref = - total bl
Evp@N=N or ey = lOg| — 7 0.003034 | 0.002812 . Old h n U d d
7.60E-03| 200.000 7 65E-03 3.1866E-09 | 0.000 \ANoer J 8 0.003191 | 0.002951 NOte . Screens Ot p ate
7.86E-03| 223512 7 .86E-03 1.2432E-19 | -0.930 9 0.00333 | 0.003074 o =
1.08E-D2| 849236 1.08E-02 3.1046E-27 | 0.495 10 | 0.003456 | D.003187 FIeXM atTM Ruttlng ShGEt that IS
Ref Model
2 b Mo @NZNe e 11 | 0003571 | 0.003297 508 I t I tl b i
SIS ooss1 o compliant is currently being
30 |e,@N=200 |5.15E-04 0.363 451F-04 4.1277E-09 | -2.742 12 | 0.003678 | 0.00339%
31 | @N=400 |9.02E-04 0.850 9.04E-04 19467E-12 | -2.613 13 | 0.003778| 0.00349 develo ed
33 32 |e,@N=600 |1.33E-03 1644 1.43E-03 1.0294E-08 | -2.401 14 | 0.003873 | 0D.003575 p




Export Data to FlexPAVE'™

A B C D E F G H [ 1 K
1 Description: Provides a summary of the shift factor model coefficients, which can be exported as an
2 | input file to FlexPAVE. Not data entry is required.
3 | Instructions: To export a FlexPAVE input file, press the Export FlexPAVE Inputs button.
4
6 £ 0.00224 vp B wo ]
o (JV}' +J-\l'r) (NJT-I_N.F&J‘)
7 N, 1.78777 ol 7l Export FlexPAVE Inputs
8 0.76643 g o,
. - L) \%&
10 | Reduced Load Time agp =p log(gp)—l—pz
11 P1 0.705 A =107 _1003:
12 P2 0.281
13
14 | Vertical Stress Shift | |a. =d|log(c,/ P,)+d,
15 d, 3.191 ;
16 d, -2.782
17
18| T,(C) | 54 |
19

. o
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Material Properties Input in

General Information % | Design Structure X

— Structure General Information

Structure Name  |[Flexible 3-Layer Pavement

Pavement/Lane Width (m) 3.65

l Add Layer l [Remwe Layerl

l Move Layer l

A
==

L=

AC (Click to Edit Layer)
Base (Click to Edit Layer)

Subgrade (Click to Edit Layer)

FlexPAVE™

— Layer Properties

Layer AC

Thickness (cm) |10

Material Type Asphalt Concrete

Specific Gravity 7.5

Infinite Layer
- more..

Expansion Co. (1/C) g.00005

@ GR Based Criterion
7 DR Based Criterion

(optional)
— Strength/Modulus
Sl _
Paissan's Ratio 0.3000 Alpha 41| _ Rutting || | Rutting |
Einf (KPa) 9.7300e+04 C11 0.0017 Beta 0.8026|| 0.6069
Ref. Temp. (C) 3 12 0.5449 || Epsilond 0.0052( 0.0719
Shift Factor al 6.5613e-04 Initial C 0.8000 NI 0.8024| g1 0.0396
Shift Factor a2 -0.1620 Gamma 1000000 TR(C) o1|| 4z 1.6831
Shift Factor a3 0.7928 M
< [ Import Damage Data ] [ Import Rutting Data ] >
| Ti(seq Ei(KPa) |
1 |[] 2.0000e+16  757.4885
2 |[] 2.0000e+15  97.6079|= e
3 |[] 2.0000e+14 267.7187 E] Flease note that FlexPAVE 1.0 uses the power function with the
4 |[] 2.0000e+13  366.0952 C11 and C12 ccefﬁcients to define damage characteristic curve
5 |T] 200006412 686.5036 instead of an exponential function.
6 |[C] 2.0000e+11 1.2208e+03
7 |[C] 2.0000e+10 2.2287e+03
g (7] 2.0000e+09 4.0690e+03 *[ Import Prony Series Data ]

w
aq
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Stress Sweep Rutting (SSR) Test

A B C D E F G H 1 J K L M N [¢] P Q R
1 | pescription
- ====High Temp. - Measured
.:, B 2 | This template fits the shift model to Simplified Triaxial Stress Sweep (5-T5$) data. 00140 'gh Temp.
3 0.012g | ——"lich Temp. - Modsl Predicion
4 | Instructions sssss Low Temp. - Measured ..
5 | 1.Enter the high temperature into cell B16 (highlighted in green). 00100 | — —Low Temp. - Model Prediction 22>
6 | 2. Enter permanent strain 5-TS5 data as a function of loading cycle for the high and low 200080 e
V| temperature into the green cells within the T, and T, tables, respectively. Note that the “
template will work even if you have less than three replicates. 0.0060
3. Click the "Fit Reference Model" button. Select ok when asked if you want to keep the 0.0040
Solver solution.
0.0020 crsaeatsiasee
4. Click the "Find Shift Factors” button. Select ok each time when asked if you want te keep 0.0000 iaiegsarassesssasetissersreast
the Solver solution. 0 100 200 200 400 500 600 700
Number of Cycles
e e
Fit Reference Model Model
-Rep. 1|e,,- Rep. 2|, - Rep. 3| £,,- A AN N,
| Reference Model | Cycle [eyp-Rep. 1lEx, - Rep. 2|6y - Rep. 3| £y, - Average - =t |oredrenion| S9-EFTOT
& 0.00224 1 |oo01294]0.001191 1.24E-03 1 1 1.02E-03 | 4.98E-08
Ny 1788 Find Shift 2 0.001811 | 0.001673 1.74E-03 1 2 161E-03 | 170E-08
B 0.766 Factors 3 0.002162 | 0.002006 2.08E-03 1 3 2.02E-03 | 4.15E-09
Sum Sq. Errol 4 | 0002438 0.002261 2.356-03 1 4 2.33E-03 | 4.35E-10
5 |0.002664| 0.002472 2.576-03 1 5 2.58E-03 | 6.44E-11
ota actor Calculatio 6 | 0002859 ] 0.002655 2.76E-03 1 3 278E-03 | 6.23E-10
Ref Model
T Moy Sq.Error
Evp@N=Ny 7 0.003034 | 0.002812 2.92E-03 1 7 2.96E-03 | 1.28E-09
03 0 7.65E-03 3.1866E-09 0 i 8 |0.0031910.002951 3.076-03 1 8 3.11E-03 | 1.81E-09
e,@N=400 |7.86E-03| 223.512 7.86E-03 | 1.24326-19 | -0.930 9 0.00333 | 0.003074 E-03 1 El 3.25E-03 | 2.41E-09
e,@N=600 |1.0BE-02| 849.235 108E-02 | 31046627 | 0.495 10 | 0.003456 | 0.003187 1 10 | 3.37E-03 | 284E-09
T N Ref Model ok a
' - i @N=Npr SRR i 11| 0003571 | 0.003207 1 11 | 3.49603 | 290E09
e-@N=200 [5.15E-04| 0363 451E-04 | 41277609 | 2742 12 | 0.003678 | 0.003399 12 | 359603 | 2B4E09
e-@N=400 |9.02E-04] 0850 904604 | 19467612 | -2613 13 |0.003778| 0.00349 13 | 3.69E03 | 284609
e-@N=600 |133E-03| 1644 143603 | 1.02946:08 | -2.401 14 |0.003873| 0.003575 372603 14 | 378603 | 285609
\/ Structure v raffic \/ Cl t
[ L P wplxame b
Hie  Zmtgs Toos  Help
W

Futting Results %
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Thank you
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