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One of the keys to successful preservation
IS the continued development of innovative
and proven strategies and documenting
their performance characteristics. Ideally,
performance testing of these materials

provides valuable insight into their value
providing a base line for the longer-term
process of developing performance curves
over many years. In essence, deepening
the toolbox in real time.




Thin-Lift Asphalt Overlay (SSE—.

Introduction

Transportation System in Sioux Falls

Existing Pavement Inventory
 The CSF maintains almost 900 miles of pavements

* Replacement value of the CSF transportation
roadway network > $1 Billion

* Approx. 10 — 15 miles added annually (mostly NW, y./’,' |
NE, and SW)

« 84% HMA and 14% PCC

* Most Strategic Corridors
» Core areas of the City
* Most of the major and minor urban arterials
4 * Major collectors
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lIMS Infrastructure Management Services,
May 2020, City of Sioux Falls Pavement
Management Analysis Report

The replacement value of the City of Sioux Falls transportation
network represented by roadways exceeds $1 Billion Dollars.
Maintenance and new construction required for 2020-2040
identified growth areas will encumber an increasing amount of
funds dedicated to the transportation network.?

City of Sioux Falls, SD
Network Valuation

Stdewalks & Ramps,
114.0,11%

Signs & Striping, 10.5, 1%

Landscaping, 7.2, 1%

Total Mileage = 799.7 Miles
Total Network Valuation = $1037.6M
Cost Per Mile = $1264K/Mile



Thin-Lift Asphalt Overlay“

Needs and Challenges

Transportation System in Sioux Falls
Needs

Challenges

Economical Feasibility -
Reliability —— e
Sustainability i) '
Constructability (reduced construction =

times and business and user |mpacts)

4 S

Shrinking Budgets

Expanding Demand
Capacity Limitations
Evolving Environmental Standards
Resource Constraints

Solution Developing a toolbox of

Improved Pavement Preservation ‘ - Pavement [Designs
Techniques > \Vlaterials

- s Optimization of Engineering Parameters | SSSENGINEELEAISOIULIONS
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« Multifaceted toolbox approach to pavement B
maintenance, preservation, engineering standards,
and holistic pavement selection criteria for new and

reconstructed facilities.

 Core of an older infrastructure in the central areas

» Ever-expanding city and need for resilient Madatcmmst

I ] Preservation

infrastructure development on its periphery multiply

Reconstruction

the benefits of a toolbox approach to pavement
maintenance, preservation, engineering standards,
and holistic pavement selection criteria for new and

reconstructed facilities.




Thin-Lift Asphalt Overlay

Introduction

* 50% of all infrastructure funds
are invested in pavements

 More than half of that
Investment is in overlays

High Impact

8




Thin-Lift Asphalt Overlay

Introduction

Enhancing overlay performance results in longer-lasting roadways and
maximizing (and optimizing) State and local Highway Agency investment
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Source: https://www.fhwa.dot.gov/innovation/everydaycounts/edc_6/docs/tops_factsheet edc6.pdf



Thin-Lift Asphalt Overlay

Needs and Challenges

“....the streets that are PAVEMENT PRESERVATION IS COST EFFECTIVE

repaired

while in good conditions will
cost less overall than those yayiaod
left to deteriorate to a poor

D
BRIV R successful pavement

management program is to develop a

Spending $1 on
pavement preservation
before this point...

40% Drop
in Quality

...eliminates or
- O, = v .0
/5% of Life delays spending
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reasonably Acceptable ! SE 1o S14 or
* Accurate performance model of the ; rehabilitation or
: reconstruction
roadway : b
" " " " ] A
) 40% Drop
Identify the optimal timing 4 P 3

F g . in Quality
Identify rehabilitation strategy. e
Result: long-term cost savings and increase

in pavement quality over time*".

15 25
- ¢ N
Time (Years) G
1 IMS Infrastructure Management Services, May B o e e
2020; City of Sioux Falls Pavement Management

Analysis Report Source: National Center for Pavement Preservation.




Thin-Lift Asphalt Overlay

Pavement Condition

Standard PCI
Rating Scale

- e

smsfaclztow

Distress
Quantity

Distress / Buns Falled
Severity ’

0

Custom PCI

Rating Scale

7 se0d

Fair

Wesotowski, M. and lwanowski, P., 2020. APCI Evaluation Method for Cement Concrete Airport Pavements in the Scope of Air Operation Safety and Air

Transport Participants Life. International Journal of Environmental Research and Public Health, 17(5), p.1663.




Thin-Lift Asphalt Overlay

Pavement Condition
CATCH STREETS BEFORE THEY FAIL

— 100 COST
L
Fat Localized Preventive
=  YERY GOOD Maintenance - §
> » Crack Seal m
T = 9
= Preventive Treatments %

+ Slurry Seals
= 60 m
O AV N + Micro-Surfacing = 33
S Focus Budget Hore Before Overlay s Required « Chip and Cape Seals E
-E 50 (]
O POOR 40 Reconstructive Treatments o $%

- m
E Focus Budget Here Bofors Reconstruction is Required S :l_:-| 3
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E = Full Depth Reclamation =

= 3355
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= $55%
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4 8 12 16 20
Pavement Age (Years)

12 https://streetsaver.com/about/blog/streetsaver-blog/2017/10/02/case-study-city-of-elk-grove




5 The “Paradigm Shift” in Pavement Preservation:
avement Engineered TLO’s Triggered Further Up the Performance Curve
Preservation

m p | e m_e ntatl O n CitV Of Sioux Fa"s' SD Excelent - Routing and preventative mainianance, some
Strate g I eS an d Pavement Condition Definitions Using Common Terms CFRCK NG JOWX S8aRNg, ICAIZNG mpews
O pti O n S s Very Good - Surface treatments (shurry, micro surface, chip

seals), PCC localized remove and replace, crack seal and

rious TLO Options jount sealing

Good - Surface reatments with localized repair to thin
overiays, PCC sight pand replacemant

Far - Thin 1o moderate overlays with some remove and
replace, PCC moderate panel replacement

Marginal - Progressively thicker overiays with remove and
replace. PCC extensive panal replacement

Poor - Thick overiays 10 partial reconstruction (surface removal
compaction, overiay), PCC extensive panel replacement and
grndng

s
o
&
=
v
°
y -
€
S
-
B
-
Q
o
—
€
[
E
[
>
®
o

City of Sioux Falls

Very Poor - Full reconstruction and base stabilization

25 30

Time (Years)
lIMS Infrastructure Management Services,

May 2020, City of Sioux Falls Pavement Figure 8 — Understanding the Pavement Condition Index (PCI) Score
Management Analysis Report
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lIMS Infrastructure Management Services,

May 2020, City of Sioux Falls Pavement
Management Analysis Report
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City of Sioux Falls, SD

Pavement Condition Index Versus Sum of Load and Non Load Associated Distress Deducts
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Figure 15 - Pavement Condition Index versus Sum of Distress Deducts




Good (PCI = 60 to 70) =Overlays
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CFRST14
2019/10/04 15:49:39

City of Sioux Falls

Asphalt streets rated as Good are ideal candidates for thinner surface-based rehabilitations and loca
repairs. Depending on the amount of localized failures, a thin edge mill and overiay, or possibly a surface

treatment, would be a suitable rehabilitation strategy for streets rated as Good. Streets that fall in the hig

1IMS Infrastructure Management Services,
May 2020, City of Sioux Falls Pavement
Management Analysis Report



Targeted Overlay Every Day Counts
Pavement Solutions (TOPS) @"“23%5&”@232

Solutions for integrating innovative overlay procedures into practices that can improve performance, —

lessen traffic impacts, and reduce the cost of pavement ownership.

Benefits

Targeted Overlay

~Every Day Counts
Pavement Solutions (TOPS) &. R e

Solutions for integrating innovative overlay procedures into practices that can improve perfonmance,
lessen traffic impacts, and reduce the cost of pavement ownership.

Safety
Improve surface and structural condition

Cost Savings
Less subsurface work is required. In urban areas,
iImpacts to utilities and pedestrian facilities are
minimized.

Performance
Targeted overlay solutions to high-maintenance
areas such as intersections, bus lanes, ramps,
and curved alignments can pay immediate
dividends in terms of reduced maintenance needs,
fewer work zones, and improved safety.

TINN e\ S CAN DO TN LOSCTITAY 10 (TIVTAY



Thin-Lift Asphalt Overlay

Pavement Condition

After “Tap” Mill
Before Prep
Before TLO

17 415t Street — Sioux Falls, SD (2019)



Thin-Lift Asphalt Overlay

Pavement Condition

___ After Prep
Before TLO

iv.\\-

18 415t Street — Sioux Falls, SD (2019)

After TLO
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Performance of Thin Lift Asphalt Overlays
A Laboratory and Field Study of Engineered NMAS

CITY OF

Superpave Mixtures of the City of Sioux Falls SIOUX FALLS




Thin-Lift Asphalt Overlay

Existing Condition

Most of the City’s high volume pavement
Inventory iIs PCCP

Common Distresses =
« Potholes = Y e B
- Faulting (vertical settlement) el | B

« Extensive Maintenance Repairs Covering
Many Repair Materials

+ Differential Settlement

« Thermal Warping of Slabs

« Joint Damage

o Utility Cut-Outs

« Cases of chemical-induced Distresses

21such as D-cracking and alkali or

dolomitic-silica reactivity (ASR/DSR)



Thin-Lift Asphalt Overlay

Available Options




Thin-Lift Asphalt Overlay

Important Parameters

23

4)‘.;. — S

. . SRR
Dense-graded Superpave mixtures with an ,‘i: "" A ’,.:z'i-‘**
NMAS < NMAS of SDDOT Mixes for TLO applications &‘f‘%&é{f"
Impacts of the utilization of RAP for TLO applications Ll
Asphalt additives such as compaction aids (e.g.,
Evotherm®) and WMA

Asphalt mixture additives FRAC (e.g., aramid fiber)
Utilization of engineered PG asphalt binder including
polymer-modified asphalt (PMA) and high polymer

modified asphalt (HIMA)




Thin-Lift Asphalt Overlay

Important Parameters for Preservation Options

Dense-Graded
TLO Mix

Min SDDOT
NMAS = 1/2”

Effect of FRAC on Performance of TLO Effect of PMA and HIMA on
Performance of TLO



Thin-Lift Asphalt Overlay

Proposed TLO Projects

Asphalt Virgin
Mix  Project Site lzlr'\::])s Binder
NoO. Type

FRAC Mix Collection
(Yes/No) Status

415t Street 9.5 PG 64-34 - Collected (2019)
415t Street 9.5 PG 58-28 Yes Collected (2020)
415t Street 9.5 PG 58-34 Collected (2020)
Cliff Avenue : PG 58-34 2022
Cliff Avenue : PG 70-34 2022
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Thin-Lift Asphalt Overlay

Performance Assessment Options (Lab Tests)

Option 1 — Limited Laboratory Tests

| |
i i
> Rutting  ——
| |
; ;
i i
N7 ! !
N/ ! !
| |
!

Collected Moisture
[LO Mixes Damage

Cracking
(Int. Temp.)




Thin-Lift Asphalt Overlay

Performance Assessment Options (Lab Tests)

Option 1 — Limited Laboratory Tests

. 20% RAP | Rutting
: N i

Aspnalt

BInders

Low-Temp. [ |
L 20% RAP 4 20% RAP 4 Cracking S

gz



Thin-Lift Asphalt Overlay

Performance Assessment Options (Lab Tests)
Table 2. Proposed Test Matrix for Option 1

Asphalt Mix Testing Program (Option 1)
o Proposed Mix Tests*
Ag,phglt NMAS V_lrglu RAP Fiber | HWT SCB TSR
MixNo. | (mm) Binder (%) AASHTO ASTM AASHTO
T 324 D 8044 T 283
| 9.5 PG 64-34 - - v v v
2 9.5 PG 58-28 20% Yes v v v
3 9.5 PG 58-34 20% - v v v
4 9.5 PG 58-34 20% - v v v
5 9.5 PG 70-34 20% - v v v
Asphalt Binder Testing Program (Option 1)
Asphalt RAP Proposed Binder Tests
Binder Virgin Binder - | Fiber | DSR BBR PG Grade
Blend No. (%) AASHTO | AASHTO AASHTO
T 315 T 313 M 320
| PG 64-34 - - v v v
2 PG 58-28 20% | Yes v v v
3 PG 58-34 20% - v v v
4 PG 70-34 20% - v v v

*Note: Tests on asphalt mixes will be conducted on samples compacted to have 7.0%=0.5%

air voids.
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Performance Assessment Options (Lab Tests)

Option 2 — Full Package of Lab Tests

! | Moisture ]
. . Damage
S o
\N 7 :

Cracking

(Int. Temp.)

Fatgue
Cracking
~ A VY . .

| Thermal
Bhamng Cracking
' (Low Temp.)




Thin-Lift Asphalt Overlay

Performance Assessment Options (Lab Tests)

Option 2 — Full Package of Lab Tests

Aspnalt
BInders

/7 N\

L 20% RAP 1 20% RAP J

Low-Temp.
E—— . D

Rutting

Traffic
Temperature
Dependent
Rutting

VioIsture Dameager
|
and Adhesion

ISSUES




Thin-Lift Asphalt Overlay

Performance Assessment Options (Lab Tests)

Table 3. Proposed Test Matrix for Option 2

Asphalt Mix Testing Program (Option 2)

Asphalt
Mix No.

Virgin
Binder

Fiber

Proposed Mix Tests*

SCB
ASTM
D8044

TSR

AASHTO
T 283

4-PFB
AASHTO
T 321

DCT

ASTM
D7313

TOT
TEX-248-F

IDEAL-CT

ASTM
D8225

PG 64-34

v

v

PG 58-28

v

v

PG 58-34

v

v

PG 58-34

v

v

PG 70-34

v

v

Asphalt Binder Testing Program (Option 2)

Binder
Blend
No.

Virgin Binder

RAP
(%)

Fiber

Proposed Binder Tests

DSR
AASHTO
T 315

BBR
AASHTO
T 313

PG Grade
AASHTO
M 320

MSCR
AASHTO
T 350

BBS
AASHTO T 361 (Wet/Dry)

Quartzite

Granite

1

PG 64-34

v

v

v

v

v

2

PG 58-28

20%

v

v

v

v

v

3

PG 58-34

20%

v

v

v

v

v

4

PG 70-34

20%

v

v

v

v

v

*Note: Tests on asphalt mixes will be conducted on samples compacted to have 7.0%=0.5% air voids.




Asphalt Laboratory

Summary of Existing Research Infrastructure and
Update on Recent Developments



Hamburg Wheel Tracking Test (HWT)

Stripping Inflection Point
(SIP)

Number of Passes to

Stripping Inflection Point
(SIP)

10,000 15,000 20,000 25,000
Load Cycles
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Tensile Strength Ratio (TSR)

Load (kN)

Displacement (mm)
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IPC Asphalt Mix Performance Tester

Dynamic modulus

Flow Number

Flow time

Uniaxial Fatigue/SVECD

Overlay test

Semi-Circular Bend

Indirect Tensile Dynamic Modulus

Four Point Bending Beam Fatigue




Semi-Circular Bend (SCB)




Semi-Circular Bending (SCB) Test

« Superpave® gyratory compacted samples

* Diameter:150 mm and height: 50 mm

e Test temperature: 20 °C

* Three notch depths of 25.4 mm, 31.8
mm, and 38 mm

« Rate of loading : 0.5 mm/min




Semi-Circular Bending (SCB) Test

SGC cylinder

Cut from SGC cylinder
or field core




- Semi-Circular Bending (SCB) test —

Mechanistic approach for analysis of test results

1.8 1 @3 notch depths
15 ﬁ
_wiee
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= 0.9 e
® - 3 Slope of the curve
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0.3 S : da
[N _ _ GE 06 1 o .
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Vertical deformation (mm) g 3 <&
= 3
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20 30 40

Notch depth, a (mm) I



Semi-Circular Bending (SCB) test

P __ v
1 Je=-@) 52
where:
‘ I 3 b = SCB specimen thickness;
a = notch depth; and

U = strain energy
(area under stress-strain curve)

‘L S=120 mm ‘ =
}A ] ' ‘ b=50 mm

D=150 mm



Indirect Tensile Asphalt Cracking Test (IDEAL-CT)

l100 FeceamassssssssvTeTTyaaaa

Pss

P7s
Pes

Load (kN)

lss 175 lss  Displacement (mm)



Four-Point Beam Fatigue Test

ength x width x height: 350x63x50+6mm

load

displacement




Four-Point Beam Fatigue Test

Asphalt concrete |
Y
200000 400000 600000 00000 1000000 1 200000
Cycles (N)




Texas Overlay Test (TOT)
Crack Performance Test

150 mm (6 in.)

"

Steel plates 75 mm (3 in.)

_ @
38 mm (1.5 in.)
0\

Ram direction
Gap Movable plate

Fixed plate 4 mm (0.16in.)




ime (S)

0 10 20 30 40 50 60 70 30 90
1000 : ' : : : : ~ ’ 0.03
Texas Overlay Test
800 \ 0.024
600 4 e 0018 =
= 400 s 0012 =
< - =
= 200 /‘ Fr ~ o= 0.006 E
= & ———
: | 7 - -
— 0 0 Z
-200 - V \ -0.006 &
-400 + -0.012
e | L0Ad Displacement
‘60() L] L} L} L ] L J L4 L] "00[8
0 I 2 3 4 5 6 7 8 9
OT cycles
866
2 800 A
=
g 600 -
=<
S 400 4 |
= test @93% Load drop
% 200 - (9 cycles)
) .
O 61 93% Load Reduction —
0 | 2 3 4 5 10

OT cycles




Disc-Shaped Compact Tension (DCT) Test

20 °C, I = 272 J/m°
—— .10 °C, I = 331 Jim®
-8— 0°C, I'=481 Jm° |

Recommended
Dimensions {(mm)
150
110

25
27.5

25

35




Binder Bond Strength Tester (BBS)
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What is Next?

- Balanced (Performance-Based) Mix Design
» Thin-Lift Performance/Specification

- Effect of Field Density on Mix Performance

48
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