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Background Background
- Types of segregation - Types of segregation
« Gradation « gradation

* Temperature
« Aggregate-asphalt

most common type
coarse aggregate-rich or fine aggregate-rich spots
occurs as result of aggregate stockpiling and handling, production,

storage, truck loading practices, construction practices, and equipment
adjustments

common solution
- multiple drop truck loading from storage bin at plant
- Use of Material Transfer Vehicle from truck bed to paver
* temperature
« ak.a. thermal differential
+ occurs as result of differential cooling rate of portions of mix
- in exposed part of mix in haul truck,
- along sides of truck box, and
- in wings of the paver.
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Background Background

- Types of segregation (cont’'d)
* aggregate-asphalt
+ ak.a. drain-down
+ common in SMA
« lack of homogeneity in asphalt mixture constituents of in-place mat
« Leads to accelerated pavement distresses.

- Concerns

- Segregated areas would develop localized premature distresses
« fatigue cracking,
* rutting,
« raveling,
« pothole, etc.
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Background

- State agencies do expect uniformity of asphalt mixtures
« appropriate to required quality
+ LDOTD standard specifications for roads and bridges requires operational details
« truck loading practice and use of MTV to prevent gradation segregation
- Link between temperature segregation and asphalt pavement
performance
+ mechanical properties
* Provide solution(s) to fix the problem

Background

- Thermal Imaging Devices
- Continuous Thermal Scanning Equipment — Pave IR

Background

- Thermal Imaging Devices

*>237.6°F

Courtesy of FLIR Systems Courtesy of MOBA Corporation

Objectives

- Identify temperature segregation range
during paving operation
- Evaluate effect of temperature segregation
+ Density
« Cracking at intermediate temperature
* Rutting

« Stiffness

Methodology
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Field Project Thermal
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Field Projects

- Seven projects
« LA 30
LA 1058
US 165
LA 1053
« LA 411
+ LA 940
« LA1
- Ten mixtures
* 6 wearing course
« 3binder course
« 1shoulder
- Weather Conditions
« Winter, spring, and summer
« 54F~89F

.
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Field Projects
Construction Factors
Route LA 30 LA 1058 US 165 LA 1053 LA411
Course Wearing Wearing Wearing Binder Wearing Wearing
Season Winter Spring Spring Summer Summer Winter-Spring
Paving Time Night Day Day Day Day
Length 5.2 miles 8.0 miles 5.9 miles 2.3 miles 2.5 miles 5.43 miles
MTV Model Roadtec SB2500D | Roadtec SB2500E | Roadtec SB2500D Weiler E2850 Roadtec SB2500D
Paver Model CAT AP655D CAT AP1055E CAT AP1055E CAT AP1055D CAT AP1055E
EES‘ Laydown 300°F 275°F (WMA) 300°F 300°F 290°F (WMA)
Haul Time 10 minutes 30 minutes 50 minutes 40 minutes 40 minutes
Weather Condition
Max. 64.6 82.9 82.0 88.0 93.0 69.8
A"I:mp' Min. 419 60.1 64.9 72,0 79.0 52.9
Avg 54.0 73.2 74.8 84.3 89.0 64.5
14

.
LA 30 Ascension A Dec. 2014 52
- LA 1058 Tangipahoa B Mar. 2015 39
g
<
s US 165 Rapides © Apr. 2015 59
LA 1053 Tangipahoa D Jun. 2015 22
R-bar system
LA 1053 Tangipahoa D Jul. 2015 26
= | Laan Pointe E Mar. 2016 54
© Coupee
8
£
e LA 940 Ascension E Apr. 2016 3.0
LAl Ascension E Jun. 2016 33 15
IR-bar system IR camera

Continuous Thermal Scanning Equipment — Pave IR

Mixture Temperature at Paving

Mixture Temperature at Paving

IR-bar systel
12 IR sensors -

Continuous Thermal Scanning Equipment — Pave IR

Typical Thermal Profile Scanning
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Typical Thermal Profile Scanning Typical Temperature Segregation
S Detection

SIS

306°F
6631.6ft

6600 ft 6610 ft 6620 ft 6630 ft 6640 ft 6650 ft 6660 ft 6667 ff

Field Experiment -- Sampling

Laboratory Experiment: Density and Performance tests

Categories of Temperature Segregation

AT = Pavel R measured temnerature — Taraet Lavdown Temnerature
AT = 325°F — 300°F = 25°F
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0 Target None

-25 Target-25°F Low

-50 Target-50°F Medium

-75 Target-75°F High

-100 Target-100°F Very High
Field Experiment -- Sampling Continuous Thermal Scanning Equipment — Pave IR
Laboratory Experiment: Density and Performance tests Mixture Temperature at Paving

g 2

IR-bar systi
12 IR sens
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Types of Temperature Patterns

- Cyclic
- Irregular

25

Types of Temperature Patterns

- Cyclic

Cyclic Temperature Patterns

Observations

g - Frequency of occurrence ~ 100-200"
% i j « Amount of load in each truck
g * 2"mat

load

- Cycle length varies with amount of mix in
each truck

Distance in Feet

- Truck waiting time can affect magnitude

— Target Temperature

Large Truck — More mix

Small Truck — less mix
e
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- Repeating Pattern of temperature fluctuation
+ Magnitude of each cycle (top to bottom) is < 30°F

- Temperature cycles may be caused by truck

Types of Temperature Patterns

- Irregular

Irregular Temperature Patterns

g

Temperature, “F

8

180

100 2100 4100 6100 8100

10100 12100
Distance, feet

« Occurs at paver stop locations
« Compactors stop operation 50-200-ft. behind paver

* Un-compacted asphalt mix starts to cool
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Irregular Temperature Patterns

Temperature Range: 225°F to 325°F
i -
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Causes of Paver Stops
« Delayed Haul unit
* Equipment Troubleshoot

« Asphalt mix spillage in path

125 ft.
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Material Spill
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Field Experiment: Construction Factors Construction Factors — Contractors
® Factors affecting Temperature Uniformity + Comparing average standard deviation for four contractors
« Contractors 1
» Material Transfer Vehicles (MTV) ’
£ 8
B
o
g
2
1
0
31 Contractor A Contractor B Contractor C Contractor D 32
Construction Factors — Material Transfer Vehicle Construction Factors — Material Transfer Vehicle
+ NoMTV & -
B [}

 Light MTV - no storage
* Full MTV -> storage 30 ton

Average Standard Deviation, °F
N
& 8N R o o

o N » O ®

B

No MTV Light MTV Full MTV

33 34

Means that do not share a letter are significantly different.

no mix storage

Laboratory Experiment

Results

Bulk Specific Gravity —

Density Testing Density 25:05°C | AASHTOTI66 Density and Mechanical Property Evaluation
Loaded Wheel Tracking Test PR 50£0.5°C AASHTO T324
Deformation
Semi-Circular Bending Test Fracture Resistance 25+0.5°C ASTM D8044
Indirect Dynamic Modulus " 0% " " Proposed
(IDTIEY) Stiffness 10°C, 10°C, 30°C AASHTO
AASHTO T324

AASHTO T166
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Effect of TS on Density
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Phase | Projects | 1 out 4 projects show effect

Means that do not share a letter are significantly different. on Density

11/16/2016

WTarget @Target50 @T[ fet-75 mTarget100 mTarget-120

Air Voids, %

LA1053 WC LA411WC LA940 BC LA940 WC LA1 Shoulder LALBC

Phase Il Projects [ 4 out of 6 projects show effect
Means that do not share a letter are significantly different. on Density

Effect of TS on Crack Resistance — SCB

BTarget OTarget25 mTarget50 BTarget-75 BTarget mTarget75 BTarget-100 mTarget-120

SCB Jc (kd/m?)

LA30WC US165 WC LA1053 BC LA940 BC LA Shouider LALBC

Phase | Projects
1 out of 3 projects show effect | |

Phase Il Projects

3 out of 3 projects show effect
on SCB, Jc

on SCB, Je

Means that do not share a letter are significantly different.

Effect of TS on Rutting — LWT, 50C

®Taiget  mTarget-75  WTarget-100

Average Rut Depth at 20000 passes, mm
o N &2 o »m 8RB & &8
® ¢:|
:

LA 940 BC

Phase Il Projects

Effect of TS on Stiffness — IDT E*

« Stiffness (|E*|) values at 0.1Hz loading frequency

- Normalized with Target |E*| at 1
E* at TS severity level (ex.Target — 50)

N lized E* =
ormatze E* at Target severity level

vIM 7% 74% 8.4% VIM  se%  73%  1L6%

BTarget BTarget50 BTarget7s BTarget BTarget-50 Target-100

35%

Normalized IDT|E*| values

10
Test Temperature Test Temperature.

Phase Il Projects

IDTIE*}: Indirect Tensile Dynamic Modulus

Summary

< TS of asphalt mixtures during pavement construction

< In general, quality is affected when cold area temperatures drop

~ Types of temperature segregation
— Cyclic,
— Irregular
% CyC'IC segregatlon
— Cooling of asphalt mixture on each truck load
— Truck load delivery
— magnitude of temperature drop affected by climatic condition
— In general, < 30 °F

~ Irregular segregations

— Interruption in paving operation

— magnitude of temperature drop is a function of duration of stops

— temperature drop of 75 to 100 °F after 15 to 20 minutes of paver stops was observed
< Contactors

— Similar TS standard deviations
v Use of MTV

— Effective in reducing TS as compared to Light MTV and no MTV
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Summary

~ Pavement Air Voids

— lower paving temperatures —> increase in air voids

« Crack Resistance: SCB test results at 25°C
— Decrease in critical strain rate energy was observed with lower paving temperatures
— Cause early cracking

< Rutting: LWT, 50C

— Increase in rut depth with an increase in TS

~ Stiffness
— Decreased with an increase in TS and air voids
» Significant at higher temperature
— Lead to early distresses
— Affect Smoothness

~ Monitor pavement performance

— Distress survey

~ Specification guidelines for implementation
— Measurement of temperature segregation
— Best practice Guideline
— minimize !empera!ure segrega(lon
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