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MATERIALS
PAVEMENT DESIGN

CONCRETE

ASPHALT

CONSTRUCTION
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OUTLINEOUTLINE

•Deliverables •Pavement Design

•Subgrade

•Foundation Courses

•Review Deliverables

•NDOR Pavement Design Manual

•Pavement
•Concrete (Rigid)
•White Topping
•Asphalt (Flexible)
•Recycling

•Quick References

•Maintenance
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Class is based on the 1993 AASHTO procedure.

Recommend purchasing this bookRecommend purchasing this book
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OTHER GOOD REFERENCES
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DeliverablesDeliverables
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OUTLINEOUTLINE
•Deliverables
•Subgrade

S b d P ti•Subgrade Preparation
•Subgrade Stabilization
•Classification & Modulus

•Foundation Courses
•Stability
•Types
D i•Drainage

•Pavement
•Concrete (Rigid)

•Cement
•ASR
•Joints
•PCC Construction•PCC Construction

•White Topping & PCC Overlays
•UltraThin
•Conventional
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Let’s BeginLet’s Begin

PAVEMENT

FOUNDATION COURSE

PAVEMENT

SUBGRADE
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Subgrade PreparationSubgrade Preparation
Standard processing depth is 6”

Water is incorporated to obtain the 
proper densityproper density

COHESIVE SUBGRADE
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Subgrade PreparationSubgrade Preparation
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Subgrade PreparationSubgrade Preparation
H

M
A

PC
C
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Compaction TableCompaction Table



1/12/2011

24

Subgrade PreparationSubgrade Preparation
Pay Items

• Subgrade Preparation
Typically paid by the STATION 
For small or unusual areas paid by SQUARE YARD

•Water 
Paid by the MGALLON (1000 gallons)

COHESIVE SUBGRADE
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Rubber Balloon Method ASTM DRubber Balloon Method ASTM D--
21672167

200200
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Subgrade PreparationSubgrade Preparation
24’

6”

5 miles

30’

Uniform pavement width 24’

5 miles x 5280’ = 26,400’ / 100’ = 264 Stations Subgrade Prep

264 Sta x 1.0 MGal/Sta = 264 MGal of water
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33--foot extra widthfoot extra width
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Sandy Soils
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Subgrade StabilizationSubgrade Stabilization
Standard processing depth is 6”

Water & Cohesive soil are incorporated into 
the sandthe sand.

SANDY SUBGRADE
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Subgrade StabilizationSubgrade Stabilization

Non-Cohesive
(sand)

Cohesive
(clay)
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Subgrade StabilizationSubgrade Stabilization
24’24

6”

Uniform pavement width 24’

30’

5 miles

5 miles x 5280’ = 26,400’ / 100’ = 264 Stations Subgrade Stabilization

264 Sta x 1.0 MGal/Sta = 264 MGal of water

264 Sta x 12.5yd3/Sta = 3300 yd3 of Soil Binder (30’ wide)
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ClassificationClassification & Modulus& Modulus
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SITE INVESTIGATIONSITE INVESTIGATION
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ClassificationClassification & Modulus& Modulus

Inputs for NGI (Nebraska Group Index):

Liquid Limit (LL) – Moisture content where soil goes from Plastic to Liquid. 

Plastic Limit (PL) – Moisture content where soil goes from Semi-Solid to Plastic.

Plastic Index (PI) – Range in moisture content between Liquid and Plastic limits.

Percent (%) Retained on
#10 Sieve
#40 Sieve
#200 Sieve
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ClassificationClassification & Modulus& Modulus

Example Soil:
LL=50
PI=26
#200=50% #200=50% 

Chart 1 3.8

+

Chart 2 5.5
S 9 3Sum= 9.3

NGI=9NGI=9
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ClassificationClassification & Modulus& Modulus

Nebraska Group Index (NGI)
Seven classifications

Soil Type NGI
Gravel -2
Fine Sand -1 to 1
Sandy Silt 2 to 7
Loess 8 to 12
Loess/Till 13 to 14
Till 15 to 21
Shale/alluvium 22 to 24

NGI = 9

Shale/alluvium 22 to 24
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ClassificationClassification & Modulus& Modulus

If sum of charts 1 & 2 is If sum of charts 1 & 2 is << 0,0,
then use this chart for NGI.then use this chart for NGI.
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We then use the NGI to figureWe then use the NGI to figureWe then use the NGI to figure We then use the NGI to figure 
the Resilient the Resilient Modulus, Modulus, MMr (Psi) (Psi) 

for designfor design
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Resilient Resilient Modulus, Modulus, MMr (Psi)(Psi)

Mr is a measure of stress vs. 
strain which is typically used for 
materials that can be 
permanently deformed from 
loading, such as soils or flexible 
pavement.
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Resilient Resilient Modulus, Modulus, MMr (Psi)(Psi)

M StressMr = Stress
Strain
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ClassificationClassification & Modulus& Modulus

NGI = 9NGI = 9
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Resilient Resilient Modulus, Modulus, MMr (Psi)(Psi)

NGI = 9
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Loess, NGI 9

6500
3900

8700
20000
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CHEMICAL STABILIZATIONCHEMICAL STABILIZATION
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Stabilized SubgradeStabilized Subgrade
Standard processing depth is 8”

Water & Stabilizing Agent are incorporated to 
obtain the proper densityobtain the proper density

Fly Ash, Hydrated Lime and CKD

COHESIVE  SUBGRADE
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Stabilized SubgradeStabilized Subgrade
Pay items:

Stabilized Subgrade paid by SQUARE YARD

Water is paid by MGALLONS

AGENT paid by the TON

COHESIVE  SUBGRADE
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Stabilized SubgradeStabilized Subgrade

FLY ASH

Plastic Index < 19 (silt-loess-lean clay)

Use 12% for estimate (range from 10-15%)

Sources & Chemical Composition

Incorporate with water and compact, no curing.

Good strength, minimal soil modification.

COHESIVE  SUBGRADE



1/12/2011

53

Fly Ash



1/12/2011

54

Stabilized SubgradeStabilized Subgrade

HYDRATED LIME

Plastic Index > 19 (lean clay – heavy clays)

Use 5% for estimate (range from 3-7%)

Incorporate with water light compaction cureIncorporate with water, light compaction, cure 
for 48 hrs, re-mix then full compaction.

Medium Strength, Great soil modification

COHESIVE  SUBGRADE
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Stabilized SubgradeStabilized Subgrade

HYDRATED LIME 

Hydrated Lime
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Stabilized SubgradeStabilized Subgrade

CEMENT KILN DUST (CKD)

All Plastic Soils

Use 7% (ranges from 5-9%)

Incorporate with water and compact, no cure.

Great Strength and Good Soil Modification

COHESIVE  SUBGRADE
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Cement Kiln Dust
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Stabilized SubgradeStabilized Subgrade

FLYASH

VIRGIN

LIME
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24’

Stabilized SubgradeStabilized Subgrade

5 miles

8”

Uniform pavement width 24’ and (5 miles x 5280’) 26,400’ long

633,600 ft2 = 70,400 yd2 Stabilized Subgrade Type Lime

30’

8” depth with 5% Lime= 33 lbs/yd2 (soil weighs 110 lbs/ft3)

30’ x 26,400’ = 792,000 ft2 = 88,000 yd2

33 lbs/yd2 x 88,000 yd2 = 2,904,000 lbs = 1,452 tons of Hydrated Lime 

88,000 yd2 x 0.003MGal/yd2 = 264 MGal of Water
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ClassificationClassification & Modulus& Modulus

NGI = 9NGI = 9

Remember this slide from Subgrade Discussion
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Stabilized Subgrades

Till, NGI 8

30000
30000

30000
30000
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OUTLINEOUTLINE
•Deliverables
•Subgrade

•Subgrade Preparation•Subgrade Preparation
•Subgrade Stabilization
•Classification & Modulus

•Foundation Courses
•Stability
•Types
D i•Drainage

•Pavement
•Concrete (Rigid)

•Cement
•ASR
•Joints
•PCC Construction•PCC Construction

•White Topping & PCC Overlays
•UltraThin
•Conventional
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Foundation CoursesFoundation Courses
The purpose of a foundation course is to The purpose of a foundation course is to p pp p
provide a stable, uniform and drainable base provide a stable, uniform and drainable base 
for our pavements.for our pavements.

FOUNDATION COURSE

PAVEMENT

SUBGRADE

FOUNDATION COURSE
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STABILITYSTABILITY

•• Surface Characteristics Surface Characteristics –– AngularityAngularity

S d / D bilitS d / D bilit•• Soundness / DurabilitySoundness / Durability

•• GradationGradation
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STABILITYSTABILITY
Surface Characteristics – Angularity

HIGH MEDIUM

LOW - NONE
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STABILITYSTABILITY
Soundness / Durability

BEFORE AFTER
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STABILITYSTABILITY
GRADATION – Max Density
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FOUNDATION COURSEFOUNDATION COURSE
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STABILITY WITH GRADATIONSSTABILITY WITH GRADATIONS
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GRADATIONSGRADATIONS

UNIFORM

GAP SINGLE

OPEN
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GRADATIONSGRADATIONS

POOR STABILITY & TOO OPEN
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GRADATIONSGRADATIONS

BETTER STABILITY & STILL OPEN
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GRADATIONSGRADATIONS

GREAT STABILITY & NO DRAINAGE
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GRADATIONSGRADATIONS

GOOD STABILITY & GOOD DRAINAGE
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FOUNDATION COURSEFOUNDATION COURSE
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FILTER CRITERIAFILTER CRITERIA
Must protect the base, prevent base from plugging filter Must protect the base, prevent base from plugging filter 

and provide adequate drainageand provide adequate drainage..

D 15(filt)

D 20
D 15(filt)

D 4

D 50(filt)

D 25
D 15(filt)

D 5

D 15(base)
20 D 15(base)

4

D 50(base)D 85(base)
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FOUNDATION COURSEFOUNDATION COURSE
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FOUNDATION COURSEFOUNDATION COURSE

THREE TYPESTHREE TYPES
AGGREGATE AGGREGATE -- DD

BITUMINOUS MILLINGSBITUMINOUS MILLINGS

CRUSHED CONCRETECRUSHED CONCRETECRUSHED CONCRETECRUSHED CONCRETE
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FOUNDATION COURSEFOUNDATION COURSE
AGGREGATE AGGREGATE -- DD

CONTROLLED OPERATION CONTROLLED OPERATION 
Tighter TolerancesTighter Tolerances

FINER GRADATIONFINER GRADATION
MinimalMinimal--No BreakdownNo Breakdown

LOWER STABILITY, BUT GOOD LOWER STABILITY, BUT GOOD 
PERMABILITYPERMABILITY
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FOUNDATION COURSEFOUNDATION COURSE

BITUMINOUS MILLINGSBITUMINOUS MILLINGS
PRODUCED BY MILLING PRODUCED BY MILLING 
OPERATIONOPERATION

OPEN GRADATIONOPEN GRADATION
Minimal BreakdownMinimal Breakdown

GOOD STABILITY & GOOD STABILITY & 
PERMEABILITYPERMEABILITY
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FOUNDATION COURSEFOUNDATION COURSE
CRUSHED CONCRETECRUSHED CONCRETE

CONTROLLED OPERATION BUTCONTROLLED OPERATION BUTCONTROLLED OPERATION, BUT CONTROLLED OPERATION, BUT 
SUBJECT TO CONCRETE QUALITY  SUBJECT TO CONCRETE QUALITY  
Wider TolerancesWider Tolerances

COARSER GRADATIONCOARSER GRADATION
Some BreakdownSome Breakdown

VERY GOOD STABILITY, BUT VERY GOOD STABILITY, BUT 
LOWER PERMEABILITYLOWER PERMEABILITY
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FOUNDATION COURSEFOUNDATION COURSE

SS SSS SISSUESISSUES
GRADATIONS & STOCK PILE GRADATIONS & STOCK PILE 
MANAGEMENTMANAGEMENT

WHERE TO PULL SAMPLESWHERE TO PULL SAMPLES

DENSITYDENSITY
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FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES
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FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES
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FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES
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FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES



1/12/2011

100

FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES
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FOUNDATION COURSEFOUNDATION COURSE
GRADATIONS & STOCKGRADATIONS & STOCKGRADATIONS & STOCK GRADATIONS & STOCK 

PILESPILES
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FOUNDATION COURSEFOUNDATION COURSE

O S SO S SWHERE TO PULL SAMPLESWHERE TO PULL SAMPLES
ON GRADE….NOT STOCK PILESON GRADE….NOT STOCK PILES

QA TESTING
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FOUNDATION COURSEFOUNDATION COURSE

O S SO S SWHERE TO PULL SAMPLESWHERE TO PULL SAMPLES
ON GRADE….NOT STOCK PILESON GRADE….NOT STOCK PILES

EVERY 500 TONS FIELD SAMPLESEVERY 500 TONS FIELD SAMPLES
(must be a WASHED test)(must be a WASHED test)

EVERY 2500 TONS EVERY 2500 TONS CENTRAL LAB CENTRAL LAB 
SAMPLESSAMPLES
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FOUNDATION COURSEFOUNDATION COURSE

SSDENSITYDENSITY
AGGREGATEAGGREGATE--D D 

LAB ESTABLISHESLAB ESTABLISHES

CRUSHED CONCRETE & BITUMINOUSCRUSHED CONCRETE & BITUMINOUS
ROLLING PATTERNROLLING PATTERN
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FOUNDATION COURSEFOUNDATION COURSE
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33--Foot extra widthFoot extra width
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WHY ALL THIS WORKWHY ALL THIS WORK
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WHY ALL THIS WORKWHY ALL THIS WORK



1/12/2011

111

Granular drainsGranular drains
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Urban SubdrainsUrban Subdrains
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Resilient Resilient Modulus, Modulus, MMr (Psi) (Psi) 
ForFor Foundation CourseFoundation Course

MMr = 22,000 psi= 22,000 psi
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Drainage CoefficientDrainage Coefficient
ForFor Foundation CourseFoundation Course

[Factor is compared to AASHTO road test section][Factor is compared to AASHTO road test section]

RangeRange
0.4 (very poor)0.4 (very poor) -- 1.4 (Excellent)1.4 (Excellent)

[Factor is compared to AASHTO road test section][Factor is compared to AASHTO road test section]

0.4 (very poor) 0.4 (very poor) 1.4 (Excellent)1.4 (Excellent)

TypicalTypical
1 01 0 ( li f)( li f)1.01.0 (pore pressure relief)(pore pressure relief)
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During ConstructionDuring Construction

Even if you have excellent soils Even if you have excellent soils 
for drainage keep in mind…..for drainage keep in mind…..

Good start with a nice granular base
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Contractor built haul road on outside 
edge with full depth cohesive soils
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Had a lot of rain and the water was trapped against the haul road.
No hauling + no paving = Major delays and costs.
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Trenched out edges and you could see the water coming out.
This eventually allowed water out and with some reworking the paving 

could begin.
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OUTLINEOUTLINE
•Deliverables
•Subgrade

•Subgrade Preparation•Subgrade Preparation
•Subgrade Stabilization
•Classification & Modulus

•Foundation Courses
•Stability
•Types
•DrainageDrainage

•Pavement
•Concrete (Rigid)

•Cement
•ASR
•Joints
PCC Const ction•PCC Construction

•White Topping & PCC Overlays
•UltraThin
•Conventional
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PavementPavement

PAVEMENT

FOUNDATION COURSE

PAVEMENT

SUBGRADE
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PavementPavement

ASPHALT

RECYCLING

CONCRETE
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CONCRETECONCRETE
RIGID Pavement

Portland Cement

Aggregate (ledge rock gravel sand)Aggregate (ledge rock, gravel, sand)

Water

CONCRETE
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Portland cementPortland cement, the basic ingredient of , the basic ingredient of 
concrete, is a closely controlled chemical concrete, is a closely controlled chemical 
combination of calcium, silicon, aluminum, combination of calcium, silicon, aluminum, , , ,, , ,
iron and small amounts of other ingredients iron and small amounts of other ingredients 
to which gypsum is added in the final to which gypsum is added in the final 
grinding process to regulate the setting time grinding process to regulate the setting time 
of the concreteof the concrete Lime and silica make upLime and silica make upof the concrete. of the concrete. Lime and silica make up Lime and silica make up 
about 85% of the massabout 85% of the mass. Common among . Common among 
the materials used in its manufacture are the materials used in its manufacture are 
limestone, shells, and chalk or marl combined limestone, shells, and chalk or marl combined , ,, ,
with shale, clay, slate or blast furnace slag, with shale, clay, slate or blast furnace slag, 
silica sand, and iron ore. silica sand, and iron ore. 
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PORTLAND CEMENTPORTLAND CEMENT

Th d i “ t d d”Type I Cement – Slow Cure  

Type II Cement – Slow/Med Cure 

These are used in “standard” 
concrete.  More can be added to 
increase strength and set times.

Used for rapid set applications 
(repairs) Finely ground

Type III Cement – Rapid Cure
(repairs).  Finely ground.
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WHAT HAS HAPPENEDWHAT HAS HAPPENED
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PORTLAND CEMENTPORTLAND CEMENT

T I C t Sl CType I Cement – Slow Cure

Type II Cement – Slow/Med Cure

Type III Cement – Rapid Cure

80’s Environmental Constraints & Available materials80 s Environmental Constraints & Available materials

Higher Alkali

Natural Pozzolans no longer made, clay (IPN Cement)

CONCRETE
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ASR (Alkali Silica Reaction)ASR (Alkali Silica Reaction)
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Sufficient
Moisture

Necessary ComponentsNecessary Components
For Alkali-Silica ReactionSufficient

Alkali
Reactive

Silica
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ASR MechanismASR Mechanism
Cracking

Reactive

Na+ OH-

Reactive

SiO2
SiO2

Alkalies

H20

Aggregate

Na+K+

Aggregate

SiO2SiO2

SiO2

AlkaliesH20

ASR
Gel

K
Alkalies in Pore

Solution

2

Alkalies Breakdown 
Aggregate and Release

Reactive Silica

H20

Silica Reacts with 
Alkalies and Absorbs

Water to Produce
Expansive ASR Gel



1/12/2011

143

Mitigation MeasuresMitigation Measures

–– Eliminate one of necessary componentsEliminate one of necessary components
Use nonUse non--reactive aggregatesreactive aggregates
Limit the Limit the alkaliesalkalies in cement and concretein cement and concrete
Limit the ingress of waterLimit the ingress of waterot

 P
ra

ct
ic

al
 

n 
N

eb
ra

sk
a

Limit the ingress of waterLimit the ingress of water

–– Use of Supplementary Use of Supplementary CementitiousCementitious
MaterialsMaterials

Fly AshFly Ash

N
o In

Fly AshFly Ash
SlagSlag
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PORTLAND CEMENTPORTLAND CEMENT

Type IPF Cement 

Type I/II Cement  (Slow/Med Cure)

“F” is Fly Ash Class F  (25% replacement)

Miti t ASR t th Ch i l L lMitigates ASR at the Chemical Level

CONCRETE
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CONCRETECONCRETE

Classes of Concrete used today

CONCRETE
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CONCRETECONCRETE
HISTORY

1947 – Mix design of current concreteg

47B-3500

6 Sacks mix (564 lbs of cement)

3500 psi in 28 days

30% Limestone, 70% Sand/Gravel
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Class of Concrete

47B

47BD

PR1

PR3PR3

SF

47BHE

BX
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Air System in PCCAir System in PCC
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PORTLAND CEMENTPORTLAND CEMENT

Improve design for controlling moisture and load related issues

Foundation Courses

Granular Drains

Dowel Bars

30’ Tops

Joint Sealing

CONCRETE
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CONCRETE DESIGN PROPERTIESCONCRETE DESIGN PROPERTIES
Elastic Modulus (Ec)  vs. Resilient Modulus (Mr)

Mr is a measure of stress vs. strain which is typically used 
for materials that can be permanently deformed from 
loading, such as soils or flexible pavement.

Ec is a fundamental engineering measurement of stiffness 
and is used for concrete design because loading of PCCand is used for concrete design because loading of PCC 
does not cause permanent deformation (rigid).

Ec is based directly from compressive strength.

Ec = 57,000(f’c)0.5Ec  57,000(f c)
f’c is compressive strength 
(typically at 28-days)
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Ec = 57,000(f’c)0.5

CONCRETE DESIGN PROPERTIESCONCRETE DESIGN PROPERTIES

If f’c =3500 psi, then Ec =3,372,165 psi

T diti ll h hi d f’ 5174 iTraditionally we have achieved  f’c =5174 psi 
average 28-day strength on 47B-3500 mixes 
which results in 

Ec =4,100,000 psi
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Modulus of Rupture (Flexural Strength)
CONCRETE DESIGN PROPERTIESCONCRETE DESIGN PROPERTIES

Third-Point loading at 28-days
Traditionally we usead o a y u
Sc =710 psi

Seeing  current averages closer to 680psi
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Concrete PavingConcrete Pavinggg
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Concrete PavingConcrete Pavinggg
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JOINTSJOINTS
Transverse Joint 
(Dowel Bars)(Dowel Bars)

Traffic

Longitudinal Joint 
(Tie Bars)

Traffic
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Concrete PavingConcrete Pavinggg
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Dowel BarDowel Bar
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Load Transfer Coefficient, JLoad Transfer Coefficient, J

Doweled PCC mainline w/tied Concrete Shoulder 3.0
Doweled PCC mainline w/widen section (28’-30’) 3.1
Doweled PCC mainline w/asphalt or turf shoulder 3.2

Non-Doweled PCC mainline w/tied concrete shoulder 3.6
Non-Doweled PCC mainline w/asphalt  or turf shoulder 4.1

Recommend using Doweled PCCRecommend using Doweled PCC
For new build designsFor new build designs
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Concrete PavingConcrete Pavinggg
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Joint SealJoint Seal

Backer Rod

Hot Pour Sealant

Reservoir & Crack 
stored water
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Joint SealJoint Seal
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WHITETOPPINGWHITETOPPING
& & 

CONCRETE OVERLAYSCONCRETE OVERLAYS
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TERMINOLOGYTERMINOLOGY

WHITETOPPINGWHITETOPPING
Placing new Portland Cement Concrete Placing new Portland Cement Concrete 
over existing Hotover existing Hot--Mix AsphaltMix Asphalt

New PCC 

Existing HMA
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TERMINOLOGYTERMINOLOGY

CONCRETE OVERLAYCONCRETE OVERLAY
Placing new Portland Cement Concrete over Placing new Portland Cement Concrete over 
existing Portland Cement Concreteexisting Portland Cement Concrete

New PCC 

Existing PCC
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TERMINOLOGYTERMINOLOGY

ULTRA THINULTRA THIN
Typically 2”Typically 2”--4” 4” 
Bonded to existing surfaceBonded to existing surface

CONVENTIONALCONVENTIONAL
Typically 5” or moreTypically 5” or more
Not Bonded to e isting s faceNot Bonded to e isting s faceNot Bonded to existing surfaceNot Bonded to existing surface
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BONDED ULTRA THINBONDED ULTRA THIN

BOND TO EXISTING PAVEMENT BOND TO EXISTING PAVEMENT 
IS CRITICAL!IS CRITICAL!

MUST BEHAVE MUST BEHAVE 
MONOLITHICALLYMONOLITHICALLYMONOLITHICALLYMONOLITHICALLY
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BONDED ULTRA THINBONDED ULTRA THIN

CURLINGCURLING

New PCC 

Existing PCCExisting PCC
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BONDED ULTRA THINBONDED ULTRA THIN

LOAD STRESSLOAD STRESS

New PCC 

Existing PCC
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BONDED ULTRA THINBONDED ULTRA THIN

GOOD BONDING TECHNIQUESGOOD BONDING TECHNIQUES
MILL SURFACEMILL SURFACE
APPLY BONDING AGENT (EPOXY OR APPLY BONDING AGENT (EPOXY OR 
GROUT)GROUT)
SHOTBLASTING SURFACESHOTBLASTING SURFACE
SURFACE MUST BE CLEANSURFACE MUST BE CLEAN
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BONDED ULTRA THINBONDED ULTRA THIN
JOINTSJOINTSJOINTSJOINTS

4” New PCC 

WHITETOPPING

•2’-6’ SPACING

4” New PCC 

PCC OVERLAYING

•MATCH EXISTING

10” Existing HMA 10” Existing PCC
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FIBER REINFORCEMENTFIBER REINFORCEMENT
BONDED ULTRA THINBONDED ULTRA THIN

FIBER REINFORCEMENTFIBER REINFORCEMENT
STEEL, POLYPROPYLENE AND OTHER STEEL, POLYPROPYLENE AND OTHER 
SYNTHETICS SYNTHETICS 
INTENDED TO IMPROVE FLEXURALINTENDED TO IMPROVE FLEXURALINTENDED TO IMPROVE FLEXURAL INTENDED TO IMPROVE FLEXURAL 
STRENGTHSTRENGTH
MAY AID IN PLASTIC SHRINKAGE MAY AID IN PLASTIC SHRINKAGE 
CRACKINGCRACKING
CAN ADD UP TO $20/CYCAN ADD UP TO $20/CY
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BONDED ULTRA THINBONDED ULTRA THIN
PERFORMANCE IN OTHER STATESPERFORMANCE IN OTHER STATES

MIXED PERFORMANCEMIXED PERFORMANCE
SOME REFLECTIVE CRACKING SOME REFLECTIVE CRACKING 
CORNER CRACKING (LOST BOND)CORNER CRACKING (LOST BOND)
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BONDED ULTRA THINBONDED ULTRA THIN
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BONDED ULTRA THINBONDED ULTRA THIN

IN NEBRASKAIN NEBRASKA
NN--50 NORTH OF TECUMSEH 200150 NORTH OF TECUMSEH 2001
MILLED EXISTING CONCRETEMILLED EXISTING CONCRETEMILLED EXISTING CONCRETEMILLED EXISTING CONCRETE
4.5” UTW WITH FIBER REINFORCEMENT4.5” UTW WITH FIBER REINFORCEMENT
WIDENED 3’ x 12” EACHWIDENED 3’ x 12” EACH
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BONDED ULTRA THINBONDED ULTRA THIN



1/12/2011

187

BONDED ULTRA THINBONDED ULTRA THIN

MILLED CONCRETE
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BONDED ULTRA THINBONDED ULTRA THIN

3’ WIDENING
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BONDED ULTRA THINBONDED ULTRA THIN
FIBERS
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BONDED ULTRA THINBONDED ULTRA THIN

FIBERS
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BONDED ULTRA THINBONDED ULTRA THIN
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BONDED ULTRA THINBONDED ULTRA THIN

SOME CORNER CRACKING

AUGUST 2006 (5 YEARS OLD)
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COMMENTS COMMENTS 

BONDED ULTRA THIN STRATEGIES WILLBONDED ULTRA THIN STRATEGIES WILLBONDED ULTRA THIN STRATEGIES WILL BONDED ULTRA THIN STRATEGIES WILL 
HAVE LIMITED USE ON MOST NEBRASKA HAVE LIMITED USE ON MOST NEBRASKA 
STATE HIGHWAYS DUE TO THE STATE HIGHWAYS DUE TO THE 
FOLLOWING:FOLLOWING:
ASR issues in existing concreteASR issues in existing concrete
Initial costsInitial costs
Predictability & PerformancePredictability & Performance
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CONVENTIONALCONVENTIONAL

TYPICALLY 5” TYPICALLY 5” –– 12”12”

NONNON BONDEDBONDEDNONNON--BONDEDBONDED

New PCC New PCC 

Existing HMA Existing PCC
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CONVENTIONALCONVENTIONAL

WHITETOPPINGWHITETOPPING
Minimal surface preparationMinimal surface preparation
Uniform base best performanceUniform base best performanceUniform base = best performanceUniform base = best performance

New PCC

Interface

New PCC 

Existing HMA
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CONVENTIONALCONVENTIONAL

PCC OVERLAYINGPCC OVERLAYING
Minimal surface preparationMinimal surface preparation
Separation LayerSeparation Layer
Uniform base = best performanceUniform base = best performance

New PCC

Separation Layer

New PCC 

Existing PCC
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CONVENTIONAL JOINTSCONVENTIONAL JOINTS

WHITETOPPINGWHITETOPPING
21 x Thickness (non21 x Thickness (non--dowelled)dowelled)
NDOR currently uses 16 5’ for dowelledNDOR currently uses 16 5’ for dowelledNDOR currently uses 16.5  for dowelledNDOR currently uses 16.5  for dowelled

New PCC

Interface

New PCC 

Existing HMA
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CONVENTIONAL JOINTSCONVENTIONAL JOINTS

PCC OVERLAYINGPCC OVERLAYING
Same 21 x thickness (nonSame 21 x thickness (non--dowelled)dowelled)
Offset existing joints by Offset existing joints by ++3’3’

New PCC

NEW 
JOINT

NEW 
JOINT 3 Feet 3 Feet

New PCC 

Existing PCC

EXISTING JOINT
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GRADE RAISESGRADE RAISES

TRANSITIONS

NEW PCC
NEW PCC

Existing PCCEXISTING PCC

600 FEET

TRANSITIONS

Existing SUBGRADE

SUBGRADE
NEW SUBGRADE

Existing F.C.
NEW F.C.
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CONVENTIONALCONVENTIONAL

PERFORMANCE IN OTHER STATESPERFORMANCE IN OTHER STATES
OVERALL GOOD OVERALL GOOD -- EXCELLENT EXCELLENT 
PERFORMANCEPERFORMANCE
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CONVENTIONALCONVENTIONAL

IN NEBRASKAIN NEBRASKA
NN--2, BERWYN to ANSLEY 20032, BERWYN to ANSLEY 2003
MILLED EXISTING ASPHALTMILLED EXISTING ASPHALTMILLED EXISTING ASPHALT MILLED EXISTING ASPHALT 
(Several inches to meet grade line)(Several inches to meet grade line)
PLACED 8” DOWELLED PCCPLACED 8” DOWELLED PCC
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i j

WHITETOPPINGWHITETOPPING
Begin Project

End Project
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Hwy 2  Berwyn Hwy 2  Berwyn –– Ansley Ansley 
Pavement SectionPavement Section

CL

3 to 7” Asphaltic Concrete Base3 to 7” Asphaltic Concrete Base

8” Doweled Concrete Pavement
Asphalt Shoulder

Fully Daylighted Fully Daylighted Fully Daylighted 
Bituminous MillingsBituminous MillingsBituminous Millings

SubgradeSubgrade

Existing SubgradeExisting Subgrade
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Milled RoadwayMilled Roadway
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Vertical and Horizontal Vertical and Horizontal 
Alignment EstablishedAlignment Established
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Dowels Installed and Ready to Start Dowels Installed and Ready to Start 
Paving OperationsPaving Operations
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PavingPaving
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Applying Curing CompoundApplying Curing Compound
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Asphaltic Concrete and Earth Asphaltic Concrete and Earth 
ShouldersShoulders
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OPEN TO TRAFFIC OPEN TO TRAFFIC 

SEPTEMBER 2003
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3 YEARS LATER3 YEARS LATER
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SOME ISSUES SOME ISSUES 

String line pins difficult to driveString line pins difficult to drive
Dowel basket placementDowel basket placement
–– Labor intensiveLabor intensive
–– Different ties required to anchorDifferent ties required to anchorqq

Gradeline difficult to adjustGradeline difficult to adjust
–– Variable Plan thickness vs. Bid itemVariable Plan thickness vs. Bid item
–– Template checks need to be performed well in Template checks need to be performed well in 

advance of paving operationsadvance of paving operationsadvance of paving operationsadvance of paving operations
–– Thin cores, thick pavementThin cores, thick pavement
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Positive Aspects of Whitetopping Positive Aspects of Whitetopping 

P id t bl i l tfP id t bl i l tfProvides stable paving platformProvides stable paving platform
Minimal weather delaysMinimal weather delays
No subgrade preparation  or density No subgrade preparation  or density 
requirementsrequirements
Trackline on milled surface exceptional for Trackline on milled surface exceptional for 
smoothnesssmoothness
Minimal environmental impactMinimal environmental impact
–– DustDust
–– Waste materialsWaste materials
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OUTLINEOUTLINE•Pavement, cont’d.
•Asphalt (Flexible)

•History of HMA
PG Bi d•PG Binders

•HMA Construction
•Recycling

•Partial Depth HMA
•Full Depth HMA
•PCC Recycling

P t D i•Pavement Design
•Traffic
•Rigid Design
•Flexible Design

•Review Deliverables
•NDOR Pavement Design Manual

•Quick References•Quick References
•Maintenance

•Emulsions
•HMA maintenance
•PCC maintenance
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ASPHALTASPHALT

FLEXIBLE Pavement

Binder (asphaltic cement)( p )

Aggregate (ledge rock, gravel, sand)
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ASPHALTASPHALT
PRIOR TO 1970’s

Asphalt Cement
Penetration Test (40-50 = stiff)

Method Spec Mixes
Bituminous Sands & Soil Aggr. Bases
Bituminous Mats & Surface CourseBituminous Mats & Surface Course
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ASPHALTASPHALT
PRIOR TO 1970’s

Picture bit sand
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ASPHALTASPHALT
1970’s to early 1990’sy

Asphalt Cement
Viscosity Test (A-5, A-10, A-20)

Marshall MixesMarshall Mixes
Type B, A, BC, BF, C, AX….
No angularity-round aggregate

Performed good through the 80’sPerformed good through the 80 s.  
Tire Pressures 70psi
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ASPHALTASPHALT
1970’s to early 1990’sy

Picture type B asphalt
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ASPHALTASPHALT
Early 1990’s to 1999y

Asphalt Cement
Viscosity Test (A-5, A-10, A-20)

Marshall MixesMarshall Mixes
Type 7, 17, 4, 14, 11, 13….

Volumetrics
VMA, VFA….still no angularityg y

Severe rutting  
Tire Pressures 120psi
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ASPHALTASPHALT
1999 - Current

Performance Graded BindersPerformance Graded Binders
PG 58-28, 64-28, 70-28….

SuperPave Gyratory Mixes
SP 4 SP 5 SPSSP-4, SP-5, SPS…
OGFC & GGCRM

Volumetrics & ANGULARITY
VMA VFA FAA CAAVMA, VFA, FAA, CAA

Performing very good  
Tire Pressures 120psi, but may increase
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ASPHALTASPHALT
1999 - Current

Picture of SuperPave
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VolumetricsVolumetrics

VMA VMA –– Voids in Mineral AggregateVoids in Mineral Aggregate

VFA VFA –– Voids Filled with AsphaltVoids Filled with Asphalt

Air Voids Air Voids –– Voids not filled with asphaltVoids not filled with asphalt

D/B D/B –– Dust to Binder ratioDust to Binder ratio

FAA FAA –– Fine Aggregate AngularityFine Aggregate Angularity

CAA CAA –– Coarse Aggregate AngularityCoarse Aggregate Angularity
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VolumetricsVolumetrics

N i i i l 10N i i i l 10N initial,  10N initial,  10
(# of blows to get voids at initial compaction) (# of blows to get voids at initial compaction) 

WHY ???N design, 96N design, 96
(# blows to get voids at design)(# blows to get voids at design)

WHY ???

N max, 152N max, 152
(blows to get to the pavements end of life) (blows to get to the pavements end of life) 
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PG BinderPG Binder
(Asphaltic cement)(Asphaltic cement)
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PG 64PG 64--3434

PG = Performance GradedPG = Performance GradedPG = Performance GradedPG = Performance Graded

64 = 6464 = 64°°C (147C (147°°F)  F)  

--34 = 34 = --3434°°C (C (--2929°°F)F)

Base Oils: Was PG 58-28, but now is PG 52-34Base Oils: Was PG 58 28, but now is PG 52 34

Modifications: SBS, SBR, crumb rubber (terminal & wet)…..

(136-18)°F (126-29)°F
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Mixed at 325°F 
(traditional Hot 
Mix Asphalt)Mix Asphalt)

Warm Mix 
Asphalt as low 
as 250°Fas 250 F
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GradationsGradations
Gradation Bands
(Max Stone Size)(Max Stone Size)

½” = 0.5” Band

3/8” = 0.375” Band

3/16” = 0.19” Band

Smaller the Stones = More Surface area =More Binder
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No Lime added 1% Lime added
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ASPHALTASPHALT
Paving pictures
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ASPHALTASPHALT
Paving pictures
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ASPHALTASPHALT
Paving pictures
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ASPHALTASPHALT
Paving pictures
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Pavement FabricsPavement Fabrics
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Asphaltic ConcreteAsphaltic Concrete

P ItP ItPay ItemsPay Items
Asphaltic Concrete, Type SPAsphaltic Concrete, Type SP--4….4….

Paid by the TonPaid by the Ton

Hydrated Lime for Asphalt MixtureHydrated Lime for Asphalt MixtureHydrated Lime for Asphalt MixtureHydrated Lime for Asphalt Mixture
Paid by the TonPaid by the Ton

Performance Graded BinderPerformance Graded Binder
Paid by the TonPaid by the Ton

Tack CoatTack Coat
Paid by the GallonPaid by the Gallon
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24’
Asphaltic ConcreteAsphaltic Concrete

8” SP-4
0.5” Band
PG 64-28

30’

5 miles

6”

Uniform pavement width 24’ and (5 miles x 5280’) 26,400’ long

633,600 ft2 x 8”= 422,400 ft3

422,400 ft3 x 143 lbs/ft3 = 60,403,200 lbs = 30,202 Tons of SP-4

30,202 tons x 0.01 = 302 Tons of Lime30,202 tons x 0.01 302 Tons of Lime

30,202 tons x 0.054 = 1631 Tons of PG 64-28

633,600 ft2 = 70,400 yd2

70,400 yd2 x 0.05 Gal/yd2 x 2 = 7,040 Gals of Tack Coat
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OUTLINEOUTLINE•Pavement, cont’d.
•Asphalt (Flexible)

•History of HMA
•PG Binders•PG Binders
•HMA Construction

•Recycling
•Partial Depth HMA
•Full Depth HMA
•PCC Recycling

•Pavement DesignPavement Design
•Traffic
•Rigid Design
•Flexible Design

•Review Deliverables
•NDOR Pavement Design Manual

•Quick References
•Maintenance

•Emulsions
•HMA maintenance
•PCC maintenance
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RECYCLING
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TYPES OF RECYCLINGTYPES OF RECYCLING
P ti l D thP ti l D thPartial DepthPartial Depth
Controlled Depth, typically 4” to 5”Controlled Depth, typically 4” to 5”
Only want bound materials and not unbound base materialsOnly want bound materials and not unbound base materials

Full DepthFull Depth
Full depth of pavement structure Full depth of pavement structure 
Typically includes Typically includes a prea pre--determined amount of unbound base determined amount of unbound base 
material 1material 1” to 2”” to 2”material, 1material, 1  to 2 to 2
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STABILIZING MATERIALSSTABILIZING MATERIALS
FOR RECYCLINGFOR RECYCLING

CHEMICAL BITUMINOUS
LIMELIME

FLYASHFLYASH
ASPHALT  ASPHALT  

EMULSIONSEMULSIONS

MECHANICAL

CEMENTCEMENT EXPANDED EXPANDED 
ASPHALTASPHALT

AGGREGATEAGGREGATE

RECLAIMED RECLAIMED 
ASPHALTASPHALT
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STRATEGY SELECTIONSTRATEGY SELECTION
1)EXISTING PAVEMENT1)EXISTING PAVEMENT1)EXISTING PAVEMENT     1)EXISTING PAVEMENT     

STRUCTURESTRUCTURE

Type of pavement layerType of pavement layer

Age of each layer Age of each layer 

Thickness of each layerThickness of each layeryy

Other bound layers & unbound layersOther bound layers & unbound layers
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HISTORY OF A ROADWAYHISTORY OF A ROADWAY
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STRATEGY SELECTIONSTRATEGY SELECTION

2) TYPE OF DISTRESS2) TYPE OF DISTRESS
Rutting, stripping, cracking, Rutting, stripping, cracking, 
structural failures…structural failures…
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Pavement ManagementPavement Management
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Pavement ManagementPavement Management
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STRATEGY SELECTIONSTRATEGY SELECTION
3) CONSTRUCTIBILTY ISSUES3) CONSTRUCTIBILTY ISSUES

Urban, dust control, grade raise, Urban, dust control, grade raise, 
traffic issues…traffic issues…
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STRATEGY SELECTIONSTRATEGY SELECTION

4) FUNDING $$$$$$$$$$$4) FUNDING $$$$$$$$$$$4) FUNDING $$$$$$$$$$$4) FUNDING $$$$$$$$$$$

Availability and Future programmingAvailability and Future programming
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FURTHER INVESTIGATIONFURTHER INVESTIGATION

CoresCoresCoresCores

1 per mile1 per mile
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FURTHER INVESTIGATIONFURTHER INVESTIGATION

Falling Weight Falling Weight 
DeflectometerDeflectometer

(FWD)(FWD)

10 per mile10 per mile
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PARTIAL DEPTH RECYCLINGPARTIAL DEPTH RECYCLING

Cold Mix & Armor 
Coats

4”  Bit Mat  19354”  Bit Mat  1935
3” Asphalt    19563” Asphalt    1956
3” Asphalt   19733” Asphalt   1973

Coats

SubgradeSubgrade
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PARTIAL DEPTH RECYCLINGPARTIAL DEPTH RECYCLING

Cold Mix & Armor 
CoatsCoats

4”  Bit Mat  19354”  Bit Mat  1935
3” Asphalt    19563” Asphalt    1956
3” Asphalt   19733” Asphalt   1973

SubgradeSubgrade
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PARTIAL DEPTH RECYCLINGPARTIAL DEPTH RECYCLING
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PARTIAL DEPTH RECYCLINGPARTIAL DEPTH RECYCLING

4” Recycled Material4” Recycled Material
3” New HMA3” New HMA
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PARTIAL DEPTH PARTIAL DEPTH 
STRATEGIES USED INSTRATEGIES USED INSTRATEGIES USED IN STRATEGIES USED IN 

NEBRASKANEBRASKA
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization
Blend of Chemical & BituminousBlend of Chemical & Bituminous

••Large/Heavy trains are usedLarge/Heavy trains are used

S b i d!S b i d!••Strong base required!Strong base required!

••Adding Hydrated Lime & Emulsified Adding Hydrated Lime & Emulsified 
Asphalt, then laying with paverAsphalt, then laying with paver
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HLSS coreHLSS core
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Compute HLSS only for mainline
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Hydrated Lime Slurry Stabilization Hydrated Lime Slurry Stabilization 
Mix DesignMix Design
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

Weather and Liquidated DamagesWeather and Liquidated Damages
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

How critical is the 60How critical is the 60°°
specification? specification? 

WE WANT MOISTURE OUT ASWE WANT MOISTURE OUT AS

CHEMICAL REACTIONS CHEMICAL REACTIONS 

WE WANT MOISTURE OUT AS WE WANT MOISTURE OUT AS 
SOON AS POSSIBLE                           SOON AS POSSIBLE                           

DOUBLE FOR EVERY 10DOUBLE FOR EVERY 10°°
CHANGE IN TEMPERATURE             CHANGE IN TEMPERATURE             
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

How critical is the 7 How critical is the 7 
days of cure?days of cure?

OPTIMUM MOISTURE IS OPTIMUM MOISTURE IS 
CRITICALCRITICALCRITICALCRITICAL
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

Can or should the surface Can or should the surface 
be fog sealed?be fog sealed?

FOGGING WILL HELP WITH FOGGING WILL HELP WITH 
RAVELINGRAVELING

SHOULD BE USED TO SEALSHOULD BE USED TO SEALSHOULD BE USED TO SEAL SHOULD BE USED TO SEAL 
SURFACE AFTER CURINGSURFACE AFTER CURING
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

How critical is it to cover the How critical is it to cover the 
roadway in 28 days?roadway in 28 days?

INSUFFICIENT STRUCTURE INSUFFICIENT STRUCTURE 
AND MOISTUREAND MOISTURE
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization
Pay ItemsPay ItemsPay ItemsPay Items

Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization
Paid by the StationPaid by the Station

Hydrated Lime (1.5%)Hydrated Lime (1.5%)y ( )y ( )
Paid by the TonPaid by the Ton

Emulsified Asphalt (1.75%)Emulsified Asphalt (1.75%)
Paid by the GallonPaid by the Gallon

Fog SealFog Seal
Paid by the GallonPaid by the Gallon
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

4” HLSS4” HLSS
3” SP3” SP--44
4” HLSS4” HLSS

Uniform pavement width 24’ and 5 miles long

5 miles x 5280’ = 264 Stations of HLSS

264 Sta x 0.9 tons/sta = 238 Tons of Lime (4” depth)

264 Sta x 245 gal/sta = 64,680 Gals of Emulsified Asphalt

633,600 ft2 = 70,400 yd2

70,400 yd2 x 0.10 Gal/yd2 = 7,040 Gals of Fog Seal
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Hydrated Lime Slurry StabilizationHydrated Lime Slurry Stabilization

Grade raises?Grade raises?

EXPECT ABOUT 20% EXPECT ABOUT 20% 
GROWTH, TYPICALLY GROWTH, TYPICALLY 
BETWEEN ¾” TO 1” GRADEBETWEEN ¾” TO 1” GRADEBETWEEN ¾  TO 1  GRADE BETWEEN ¾  TO 1  GRADE 
RAISERAISE
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BENEFITS OF GROWTHBENEFITS OF GROWTH



1/12/2011

300

BENEFITS OF GROWTHBENEFITS OF GROWTH
Windrowed soil salvaged for shoulderingWindrowed soil salvaged for shouldering

(isn’t that a tongue twister)(isn’t that a tongue twister)

Clean vertical edges cutClean vertical edges cut

(isn t that a tongue twister)(isn t that a tongue twister)

InIn--situ Soil Compactedsitu Soil Compacted

Existing RoadwayExisting Roadway
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TRENCH WIDENINGTRENCH WIDENING

Clean vertical edge cutClean vertical edge cut

Trenched Material Windrowed for shoulderingTrenched Material Windrowed for shouldering

Clean vertical edge cutClean vertical edge cut
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Trench WidenedTrench Widened
28’ top28’ top

14’ LANES



1/12/2011

306

Hot InHot In--Place RecyclingPlace Recycling
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END OF END OF 
PARTIAL DEPTHS STRATEGIESPARTIAL DEPTHS STRATEGIES
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WHAT IF?WHAT IF?
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FULL DEPTH RECYCLINGFULL DEPTH RECYCLING
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FULL DEPTH RECYCLINGFULL DEPTH RECYCLING

Cold Mix & Armor 
Coats

4” Bit Mat  1935

3” Asphalt  1956

3” Asphalt   1973

Coats

Subgrade
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FULL DEPTH RECYCLINGFULL DEPTH RECYCLING

10” NEW RECYCLED BASE

3” NEW HMA
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FULL DEPTH RECYCLINGFULL DEPTH RECYCLING

COHESIVE SOILS UNDER COHESIVE SOILS UNDER 
PAVEMENTPAVEMENT
(CLAYS(CLAYS –– SILTSSILTS –– LOESS)LOESS)(CLAYS (CLAYS SILTS SILTS LOESS)LOESS)

FLY ASH OR CEMENT FLY ASH OR CEMENT 
STABILIZATIONSTABILIZATION
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FLY ASH STABILIZED BITUMINOUSFLY ASH STABILIZED BITUMINOUS

••PrePre--Milling is allowed and encouragedMilling is allowed and encouraged
••Fly Ash is uniformly spreadFly Ash is uniformly spread
••A reclaimer is typically used to incorporate    A reclaimer is typically used to incorporate    yp y pyp y p
water & fly ashwater & fly ash

••Recycled material is compacted & shaped Recycled material is compacted & shaped 
with a bladewith a blade

••Fog SealFog Seal
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FLY ASH STABILIZED BITUMINOUSFLY ASH STABILIZED BITUMINOUS
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Moisture Moisture 

Calibrate Nuclear 
Gauge
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Spreading Fly Ash Spreading Fly Ash 

UniformUniform

No Motor GradersNo Motor Graders

Temperature is important
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50

Iowa State UniversityIowa State University
Midwest Transportation ConsortiumMidwest Transportation Consortium
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Incorporating the Ash Incorporating the Ash 

Required to be done in a single pass
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Monitor Moisture Monitor Moisture 

Total MoistureTotal Moisture
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Compaction Compaction 

E 20% h ( l i h )

Compact within 30 minutes

Expect 20% growth (several inches)
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Iowa State UniversityIowa State University
Midwest Transportation ConsortiumMidwest Transportation Consortium
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Fly Ash Stabilized BituminousFly Ash Stabilized Bituminous
3” NEW HMA

10” Fly Ash Stabilized Bit

Pay Items

•Fly Ash Stabilized Bituminous
Paid by the Station

•Fly Ash
Paid by the Ton

W•Water
Paid by the MGallon

•Fog Seal
Paid by the Gallon
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Fly Ash Stabilized BituminousFly Ash Stabilized Bituminous
3” NEW HMA

10” Fly Ash Stabilized Bit

Uniform pavement width 24’ and 5 miles long

5 miles x 5280’ = 264 Stations of Fly Ash Stabilized Bituminous

633,600 ft2 x 10” =528,000 ft3 

528,000ft3 x 144 lbs/ft3 =38,016 tons RAP

38,016 tons x 0.10 = 3,802 Tons of Fly Ash (10% ash used)38,016 tons x 0.10  3,802 Tons of Fly Ash (10% ash used)

528,000ft3 x 5%=26,400 ft3 of Water

26,400ft3 x 62.4 lbs/ft3 = 1,648 MGallons of Water

70,400 yd2 x 0.24 Gal/yd2 = 16,895 Gals of Fog Seal
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Fog SealingFog Sealing
Fog Seal within 2 hours.Fog Seal within 2 hours.

Continued hydration (strength gain)Continued hydration (strength gain)

Better paint surfaceBetter paint surface

Reduces raveling, Reduces raveling, 
BUT raveling WILL occurBUT raveling WILL occur

Better surface for asphalt bondBetter surface for asphalt bond
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Fog SealingFog Sealing
Adjust dilution?Adjust dilution?

1:1 can pick up under traffic, 1:1 can pick up under traffic, 
may need 2:1may need 2:1

Keep application rateKeep application rateKeep application rate, Keep application rate, 
material is absorptivematerial is absorptive

Multiple applications may be Multiple applications may be 
necessarynecessary
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FULL DEPTH PULVERIZATIONFULL DEPTH PULVERIZATION

MOSTLY COHESIVE SOILS UNDER MOSTLY COHESIVE SOILS UNDER 
PAVEMENTPAVEMENT
(CLAYS(CLAYS--SILTS, SOME GRANULAR)SILTS, SOME GRANULAR)(CLAYS(CLAYS SILTS, SOME GRANULAR)SILTS, SOME GRANULAR)

LOW VOLUME ONLYLOW VOLUME ONLY

MECHANICAL STABILIZATION MECHANICAL STABILIZATION 
(WATER & POSSIBLE AGGREGATE)(WATER & POSSIBLE AGGREGATE)
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FULL DEPTH PULVERIZATIONFULL DEPTH PULVERIZATION

PP Milli i ll d d dMilli i ll d d d••PrePre--Milling is allowed and encouragedMilling is allowed and encouraged
••A reclaimer is used to incorporate WATERA reclaimer is used to incorporate WATER
••Additional aggregate may be brought in to Additional aggregate may be brought in to 
dj t i ddj t i dadjust mix needsadjust mix needs

••Recycled material is compactedRecycled material is compacted
••Fog SealFog Seal
••Mixture isMixture is susceptible to moisturesusceptible to moisture untiluntil••Mixture is Mixture is susceptible to moisturesusceptible to moisture until until 
covered with HMA (7 days must be coverd)covered with HMA (7 days must be coverd)
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FULL DEPTH RECYCLINGFULL DEPTH RECYCLING

GRANULAR SOILS UNDER GRANULAR SOILS UNDER 
PAVEMENTPAVEMENT
(SAND)(SAND)(SAND)(SAND)

BITUMINOUS BITUMINOUS 
STABILIZATIONSTABILIZATION
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COLD INCOLD IN--PLACE RECYCLINGPLACE RECYCLING
BLADE LAYEDBLADE LAYED

HIGH FLOAT EMULSIONS (HFE 300)
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COLD INCOLD IN--PLACE RECYCLINGPLACE RECYCLING--
BLADE LAYEDBLADE LAYED

••Controlled depth millingControlled depth milling isis requiredrequired••Controlled depth milling Controlled depth milling is is requiredrequired

••A A reclaimerreclaimer is typically used to incorporate is typically used to incorporate 
emulsified asphaltemulsified asphalt

••Recycled material is compactedRecycled material is compacted

••24 hours later, a full width mill is used to aerate 24 hours later, a full width mill is used to aerate 
and blend the mix uniformlyand blend the mix uniformlyand blend the mix uniformlyand blend the mix uniformly

••Additional mixing until optimum moisture (2.5%) Additional mixing until optimum moisture (2.5%) 
and uniformity are metand uniformity are met
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TrimmingTrimming
Why such a concern?Why such a concern?yy

“We’re “We’re just going to touch just going to touch it”it”
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TrimmingTrimming

REMOVES VALUABLE REMOVES VALUABLE 
STRUCTURESTRUCTURESTRUCTURE STRUCTURE 
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TrimmingTrimming

CREATES A SLIP PLANE IF NOT CREATES A SLIP PLANE IF NOT 
DONE PROPERLYDONE PROPERLY
FOG SEAL AGAIN AND ALLOW FOG SEAL AGAIN AND ALLOW 
TRAFFIC TO KNEADTRAFFIC TO KNEAD
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TrimmingTrimming

REMOVES EXPENSIVE REMOVES EXPENSIVE 
MATERIALMATERIAL
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TrimmingTrimming
SOMETIMES WE HAVE TO TRIM SOMETIMES WE HAVE TO TRIM 

WHEN DESIGNED, TRIMMING WHEN DESIGNED, TRIMMING 

DUE TO GRADE RAISESDUE TO GRADE RAISES

WILL BE ALLOWED.  BUT MUST BE WILL BE ALLOWED.  BUT MUST BE 
DONE MINIMUM 2 DAYS PRIOR DONE MINIMUM 2 DAYS PRIOR 
TO LAYDOWN. THE SURFACE TO LAYDOWN. THE SURFACE 
NEEDS TO BE FOG SEALED AGAIN.NEEDS TO BE FOG SEALED AGAIN.
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Good ProjectsGood ProjectsGood ProjectsGood Projects

Fly Ash Stabilized Bituminous
Matzke Hwy
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Fly Ash Stabilized Bituminous

Laurel N-15
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4” Hydrated Lime Slurry Stabilization
N-20 
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PCC InPCC In--place place 
RecyclingRecyclingRecyclingRecycling
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Crack and SeatCrack and Seat
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Rubbilizing ConcreteRubbilizing Concrete
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OUTLINEOUTLINE•Pavement, cont’d.
•Asphalt (Flexible)

•History of HMA
•PG Binders•PG Binders
•HMA Construction

•Recycling
•Partial Depth HMA
•Full Depth HMA
•PCC Recycling

•Pavement DesignPavement Design
•Traffic
•Rigid Design
•Flexible Design

•Review Deliverables
•NDOR Pavement Design Manual

•Quick ReferencesQuick References
•Maintenance

•Emulsions
•HMA maintenance
•PCC maintenance
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Pavement DesignPavement Design
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Pavement DesignPavement Design

Flexible Pavement
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Pavement DesignPavement Design
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AxlesAxles

Single-Axle Single-Tire
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AxlesAxles

Single-Axle Dual-Tire

Equivalent Single-Axle Load (ESAL)

18,000 lbs
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Load Equivalency FactorsLoad Equivalency Factors

A l L d lb L d E i F t (LEF)Axle Load, lbs Load Equiv. Factor (LEF)

<3,000 0.0002

8,000 0.0340

18,000 1.0000

28,000 5.3900
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Truck FactorsTruck Factors
Truck Type Truck FactorTruck Type Truck Factor

2-Axle, 4-Tire 0.0122

2 Axle 6 Tire 0 1890

33--Axle, 10Axle, 10--Tire TruckTire Truck
TF 0 8622TF 0 8622

55--Axle SemiAxle Semi
TF 2 3719TF 2 3719

2-Axle, 6-Tire 0.1890

3-Axle Semi 0.8646

5 A l S i 2 3719TF=0.8622TF=0.8622 TF=2.3719TF=2.37195-Axle Semi 2.3719
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Traffic Growth RateTraffic Growth Rate
1

Future ADTFuture ADT
Current ADTCurrent ADT

n

( )(n = years)

Example:

1,3291,329
1

20,,
1,0231,023

20 = 0.0200.020 2% 2% growth in 20 yrsgrowth in 20 yrs=
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Traffic Growth FactorTraffic Growth Factor

GF=24.3
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Traffic Generators to keep in mindTraffic Generators to keep in mind
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Example ESAL CalculationExample ESAL Calculation
TypeType ADTADT % % 

HTHT
DaysDays GFGF 20 yr 20 yr 

T ffiT ffi
TFTF ESALsESALs

VehVeh..

22--AxleAxle
4 Tire4 Tire

22--AxleAxle
6 Tire6 Tire

3,0003,000

3,0003,000

HTHT

0.030.03

0.050.05

Per yrPer yr

365365

365365

24.324.3

24.324.3

TrafficTraffic

798,255798,255

1,330,4251,330,425

0.01220.0122

0.18900.1890

97409740

251,450251,450
6 Tire6 Tire

44--AxleAxle
SemiSemi

55--AxleAxle
SemiSemi

3,0003,000

3,0003,000

0.020.02

0.100.10

365365

365365

24.324.3

24.324.3

532,170532,170

2,660,8502,660,850

0.86460.8646

2.37192.3719

460,114460,114

6,311,2706,311,270

7,032,5747,032,574
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Pavement ManagementPavement Management

If you’re project is on the NHS we 
may have the data you need.
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RIGIDRIGIDRIGIDRIGID
Pavement DesignPavement Design
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kk--ValueValue
MODULUS OF SUBGRADE REACTION = k-Value

Combination of four different factors to calculate k-value:

1) Sub-base Types
The modulus for each layer of sub-base must be considered.
[Soil subgrades, foundation courses……]

2) Sub-base Thickness
The thickness of each of the layers must also be identified

3) Loss of Support, LS
A l i f t ti l i f b b t i lA value given for potential erosion of sub-base material.

4) Depth to rigid foundation
Typically in Nebraska, this value is much greater than 10-feet. 
However, if within 10-feet; then needs to be design for.
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kk--ValueValue
1) Recommend minimum of 4 composite k-Values be used:

Winter
Spring
Summer
Fall
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi

Spring 4500 psi 22000 psi

Foundation CourseNatural soils

Fig. 3.3

Summer 6800 psi 22000 psi

Fall 5600 psi 22000 psi
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Foundation 
Course

200 PCI

Subgrade
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci

Spring 4500 psi 22000 psi 200 pci

Foundation CourseNatural soils

Fig. 3.3

Summer 6800 psi 22000 psi 300 pci

Fall 5600 psi 22000 psi 250 pci
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kk--ValueValue
1) Recommend minimum of 4 composite k-Values be used:

Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab 
thickness.    

The higher the k-value (stronger base) the less damage allowed 
to the slab.  
The thicker the slab the flatter the damage curve (slab can 
“bridge” over weaker sections)
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci

Spring 4500 psi 22000 psi 200 pci

Foundation CourseNatural soils

Fig. 3.3 Fig. 3.5

Summer 6800 psi 22000 psi 300 pci

Fall 5600 psi 22000 psi 250 pci
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RelativeRelative DamageDamage
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci 28

Spring 4500 psi 22000 psi 200 pci 60

Fig. 3.3 Fig. 3.5

Summer 6800 psi 22000 psi 300 pci 50

Fall 5600 psi 22000 psi 250 pci 55
Sum Damage= 193
Average Damage= 48.25 (193÷4)
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kk--ValueValue
1) Recommend minimum of 4 composite k-Values be used:

Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab2) Determine Relative damage for each season based on projected slab 
thickness.    

The higher the k-value (stronger base) the less damage allowed 
to the slab.  
The thicker the slab the flatter the damage curve (slab can 
“bridge” over weaker sections)

3) Using average relative damage for all sections back calculate the k-
value based on projected slab thickness.    
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RelativeRelative DamageDamage

48.25

340 pci
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci 28

Spring 4500 psi 22000 psi 200 pci 60

Fig. 3.3 Fig. 3.5

Summer 6800 psi 22000 psi 300 pci 50

Fall 5600 psi 22000 psi 250 pci 55
Sum Damage= 193
Average Damage= 48.25

340 pciBack calculate k-value from average damage=

(193÷4)

Fig. 3.5pBack calculate k value from average damage g
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kk--ValueValue
1) Recommend minimum of 4 composite k-Values be used:

Winter
Spring
Summer
Fall

2) Determine Relative damage for each season based on projected slab2) Determine Relative damage for each season based on projected slab 
thickness.    

The higher the k-value (stronger base) the less damage allowed 
to the slab.  
The thicker the slab the flatter the damage curve (slab can 
“bridge” over weaker sections)

3) Using average relative damage for all sections back calculate the k-
value.    

4) Final step is to correct for Loss of Support due to erosion
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci 28

Spring 4500 psi 22000 psi 200 pci 60

Fig. 3.3 Fig. 3.5

Summer 6800 psi 22000 psi 300 pci 50

Fall 5600 psi 22000 psi 250 pci 55
Sum Damage= 193
Average Damage= 48.25

340 pciBack calculate k-value from average damage=

(193÷4)

Fig. 3.5pBack calculate k value from average damage

Correct for Loss of Support (LS=1.0)

g

Fig. 3.6
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Loss of SupportLoss of Support

140 pci

340 pci
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kk--ValueValue
Season Subgrade Mr Base Mr Composite 

k-value
Relative 
Damage

Winter 20000 psi 22000 psi 800 pci 28

Spring 4500 psi 22000 psi 200 pci 60

Fig. 3.3 Fig. 3.5

Summer 6800 psi 22000 psi 300 pci 50

Fall 5600 psi 22000 psi 250 pci 55
Sum Damage= 193
Average Damage= 48.25

340 pciBack calculate k-value from average damage=

(193÷4)

Fig. 3.5

Effective Modulus = 140 pci
p

140 pci
Back calculate k value from average damage

Correct for Loss of Support (LS=1.0)

g

Fig. 3.6
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4.1 x 106

680 3.2

140pci

1.0 71
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71
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Th bilit f th t t id i f th

ServiceabilityServiceability
The ability of the pavement to provide service for the users.

Initial Serviceability, established at the AASHTO test sight
PCC  = 4.5
HMA = 4.2

Terminal Serviceability lowest value tolerated before rehabilitationTerminal Serviceability,  lowest value tolerated before rehabilitation
3.0 12% people object

2.5 55% people object

2.0 85% people object

Recommend for higher volumes

Recommend for lower volumes

PSI = Initial – Terminal
= 4.5 – 2.0
= 2.5

Design Serviceability Loss
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71 2.5
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A predetermined level of assurance that the pavement will 

ReliabilityReliability
survive the design period.

Typically use functional classification to determine % Reliability

NDOR Uses:
85% Interstate85% Interstate
80% Expressway
75% Highway >3000 ADT
70% Highway <3000 ADT



1/12/2011

403

71 2.5

85%



1/12/2011

404

Th l f f t d d d i ti f h l l f

Standard DeviationStandard Deviation
The are several references of standard deviations for each level of 
reliability, but we want to use the 

Overall Standard Deviation

1 Standard Deviation = 68% of data

2 Standard Deviation = 95% of data
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Th l f f t d d d i ti f h l l f

Standard DeviationStandard Deviation
The are several references of standard deviations for each level of 
reliability, but we want to use the 

Overall Standard Deviation

Rigid Pavements   0.30 – 0.40
Flexible Pavements 0.40 – 0.50

Future Traffic 
Considered

Future Traffic Not 
Considered

NDOR Uses:
Ri id 0 35Rigid 0.35
Flexible 0.45



1/12/2011

406

71

9”

2.4

7,000,000

85%

0.35
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9”
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9”9
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EXISTING PCC ASSESSMENT

Deff = Fjc x Fdur x Ffat x D

Deff - Remaining Effect Life of the existing pavement

Deff  Fjc x Fdur x Ffat x D
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EXISTING PCC ASSESSMENT

Deff = Fjc x Fdur x Ffat x D

F Adjustment Factor for joints and cracks that reflect throughFjc – Adjustment Factor for joints and cracks that reflect through

Assuming that all joints/cracks are repaired then a factor of 1.0 
should be used.

Use Fig. 5.12 for PCC slabs where not all the cracks/joints will be 
repaired.

This is NOT a factor for material distresses such as ASR.  
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0.93

25%
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EXISTING PCC ASSESSMENT

Deff = Fjc x Fdur x Ffat x D

Fdur – Adjustment Factor for Durability

Use this factor for assessing pavements with ASR, D-
Cracking…..

1 0 N d bilit i1.0 No durability issues
0.96 – 0.99 Some cracking, no spalling
0.88 – 0.96 Cracking & Spalling
0.80 – 0.88 Severe cracking & Spalling
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EXISTING PCC ASSESSMENT

Deff = Fjc x Fdur x Ffat x D

F Adj t t F t f F tiFfat – Adjustment Factor for Fatigue

Use this factor for assessing pavements for deterioration 
due to repeated loading such as punch outs or large 
working joints

0.97 - 1.0  Few
0.94 – 0.97 Several
0.90 – 0.94 Significant
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EXISTING PCC ASSESSMENT

Deff = Fjc x Fdur x Ffat x D

Example:
Original thickness 8” PCC, D=8

All joints repaired F = 1 0All joints repaired, Fjc = 1.0

Bad ASR, Fdur=0.85

Some loading failures, Ffat=0.95

Deff = Fjc x Fdur x Ffat x Deff jc dur fat
1.0  x 0.85  x 0.95  x 8
Deff = 6.46
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EXISTING PCC ASSESSMENT

A Conversion factor for concrete to asphaltA= Conversion factor for concrete to asphalt

= 2.2233 + 0.0099(Dr - Deff)2 – 0.1534(Dr – Deff)

= 2.2233 + 0.0099(9-6.46)2 – 0.1534(9-6.46)

A= 1 90A= 1.90

Dovl = Asphalt overlay thickness

=  A (Dr – Deff)

1 9(9 6 46)= 1.9(9 - 6.46)

Dovl = 4.8”
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FLEXIBLEFLEXIBLEFLEXIBLEFLEXIBLE
Pavement DesignPavement Design
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Different Output 
than Rigid Design
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0.45 Service Loss
4.5 – 2.0 = 2.5

4000 psi
3,000,000 ESALs

85%

SN= 4.4
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Structural NumberStructural Number

The Structural Number is an abstract The Structural Number is an abstract 
number expressing the structural number expressing the structural 

strength of a pavement required forstrength of a pavement required forstrength of a pavement required for strength of a pavement required for 
given given combinationscombinations of of soil support soil support 

, total , total traffictraffic loading, loading, layerlayer
coefficients, terminalcoefficients, terminal serviceabilityserviceabilitycoefficients, terminal coefficients, terminal serviceabilityserviceability
and effects from the and effects from the environmentenvironment..
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Layer CoefficientsLayer Coefficients
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Structural NumberStructural Number
(Layer Coefficients)(Layer Coefficients)

10” New HMA 8” New HMA
3” New HMA

6” New   
Foundation 

Course

9” Existing 
HMA10” x 0.44= 4.4

SN = 4.4 SN = 4.4 SN = 4.4
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Structural NumberStructural Number

1” New HMA

26” New26  New   
Foundation 

Course

SN = 4.4
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Structural NumberStructural Number

Higher SN = More StructureHigher SN = More Structure
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Does the rehabilitation

4.4

Does the rehabilitation 
design meet the required 
structure number?

If not, you would need to 
adjust the design.

4.4
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OUTLINEOUTLINE•Pavement, cont’d.
•Asphalt (Flexible)

•History of HMA
•PG BindersPG Binders
•HMA Construction

•Recycling
•Partial Depth HMA
•Full Depth HMA
•PCC Recycling

•Pavement Designg
•Traffic
•Rigid Design
•Flexible Design

•Review Deliverables
•NDOR Pavement Design Manual

•Quick ReferencesQ
•Maintenance

•Emulsions
•HMA maintenance
•PCC maintenance
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MATERIALS
PAVEMENT DESIGN

Thank YouThank You

CONSTRUCTION
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OUTLINEOUTLINE•Pavement, cont’d.
•Asphalt (Flexible)

•History of HMA
•PG BindersPG Binders
•HMA Construction

•Recycling
•Partial Depth HMA
•Full Depth HMA
•PCC Recycling

•Pavement Designg
•Traffic
•Rigid Design
•Flexible Design

•Review Deliverables
•NDOR Pavement Design Manual

•Quick References
•Maintenance

•Emulsions
•HMA maintenance
•PCC maintenance
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M i tM i tMaintenanceMaintenance
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EmulsionsEmulsions

Oil & WaterOil & Water
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EmulsionsEmulsions

EmulsifiersEmulsifiers –– A surfaceA surface--active agent (Surfactant) is used to charge water active agent (Surfactant) is used to charge water 
particles to attract and stabilize with asphalt.particles to attract and stabilize with asphalt.

Anionic Surfactants Anionic Surfactants –– Negative charged ionsNegative charged ions
Fatty Acids (wood derivatives) blended w/sodium hydroxideFatty Acids (wood derivatives) blended w/sodium hydroxide

Nonionic Surfactants Nonionic Surfactants –– Neutral with no ionizationNeutral with no ionization
Harder to produce, no as commonHarder to produce, no as common

Cationic SurfactantsCationic Surfactants –– Positive charges ionsPositive charges ionsCationic Surfactants Cationic Surfactants Positive charges ionsPositive charges ions
Fatty Amines (amino acids, nitrogenFatty Amines (amino acids, nitrogen--ammonia) ammonia) 

blended w/hydrochloric acidblended w/hydrochloric acid
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EmulsionsEmulsions

Loading and transportingLoading and transportingApplicationApplicationStarting to breakStarting to breakBreak completedBreak completed
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EmulsionsEmulsions

Set Time or Break TimesSet Time or Break Times

Slow SetSlow Set–– Designed for mixing stability and longer workability time.Designed for mixing stability and longer workability time.
Can be used with material that have high amounts of finesCan be used with material that have high amounts of fines..

Medium SetMedium Set–– Designed for mixing with graded material and does not Designed for mixing with graded material and does not 
break upon contact.break upon contact.

Rapid SetRapid Set–– Designed to break immediately on contact with material.  Designed to break immediately on contact with material.  
Typically used with materials with small amounts of fines.Typically used with materials with small amounts of fines.Typically used with materials with small amounts of fines.Typically used with materials with small amounts of fines.

Other considerations: Other considerations: 
Weather, Material, Rate…..Weather, Material, Rate…..
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EmulsionsEmulsions

Typical emulsions used in Nebraska:Typical emulsions used in Nebraska:

Rapid Set Rapid Set CRSCRS--2P, CRS2P, CRS--2L2L

Medium SetMedium Set HFEHFE--300300

Slow SetSlow Set CSSCSS--1, CSS1, CSS--1H1H
SSSS--1, SS1, SS--1H1H
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Remaining Life Analysis Remaining Life Analysis 
(AASHTO)(AASHTO)
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Remaining Life Analysis Remaining Life Analysis 
(AASHTO)(AASHTO)
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Remaining Life Analysis Remaining Life Analysis 
(AASHTO)(AASHTO)
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WHENWHEN
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WHENWHEN
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Crack SealingCrack Sealing
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Crack SealingCrack Sealing
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Crack SealingCrack Sealing
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Surface SealingSurface Sealing
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Fog SealingFog Sealing

What type of emulsion? CRS HFE CSS

Usually CSS-1, CSS-1H or SS-1

What type of emulsion?     CRS, HFE, CSS….
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WHENWHEN
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Blade PatchingBlade Patching



1/12/2011

459

Blade PatchingBlade Patching
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Blade PatchingBlade Patching
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Blade PatchingBlade Patching
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Armor Coats & Chip Seals
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CRS-2P
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Concrete Surface Rehabilitation

Faulted
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Dowel Bar RetrofitDowel Bar Retrofit
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Dowel Bar RetrofitDowel Bar Retrofit
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Dowel Bar RetrofitDowel Bar Retrofit
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Faulted

DiamondDiamond 
Grind
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WHENWHEN
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Micro-Surfacing
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Failing Joint
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Maintaining & Maintaining & RehabingRehabing PCCPCC
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Concrete Repair
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Corner has crackedCorner has cracked
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Double saw cut.
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Repair should 
have beenhave been 
squared off and 
crack wouldn’t of 
formed.
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Repair should have been carried to 
adjacent joint
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Poor 
consolidation 
against forms
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Over cuts, 
misaligned joint 
and poor 
workmanship 
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Floating joint
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Close, but no cigar.
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Tied across the 
joint and a crack 
formed.
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Sh ld t t j i tShould not cut a joint
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