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PCC Paving Field Inspection

Winnipeg, Manitoba

Introductions

Instructors

Gary Fick
Jerod Gross

Representing the National Concrete Pavement 
Technology Centergy

www.cptechcenter.org
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PCC Paving Field Inspection

• Why are we here?
• How do We Achieve Quality for PCC Paving?How do We Achieve Quality for PCC Paving?
• Got a project….Now what?
• What is concrete?
• What kinds of equipment are used?
• What happens before you start paving?
• What happens when you’re finally paving?
• What is the inspector’s role?p
• What about all of the other road building stuff?
• What do you look for in urban paving?
• What paperwork?
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Q: WHY ARE WE HERE?
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Why are we here?
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Why are we here?

• PCC in paving applications has some different 
requirements than structural applicationsrequirements than structural applications

• Pavements typically function in extremely 
challenging environments where they can be 
subjected to very high moisture and temperature 
changes on a frequent basis
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Why are we here?

PCC Paving Applications

• Highway pavements
• Streets and local roads
• Airfield pavements
• PCC overlays
• Parking areas
• Drainage channels
• Trails, sidewalks, driveways
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Pavement Elements

Select parameters that economically meet needs of project
Support systemSupport system

Environment 

Materials

Thickness

Joint spacing

Load transfer

8
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Q: HOW DO WE ACHIEVE QUALITY 
FOR PCC PAVING?

A: “Making sure the quality of a product (concrete paving) is what it should be…” 
- Philip Crosby
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How do We Achieve Quality 
for PCC Paving?

• What is quality?
• Who cares?Who cares?
• How do we get it?

10
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What is quality?

• How do you define quality?
“Conformance to requirements” Conformance to requirements
 “The customer deserves to receive exactly what we 

have promised to produce. “  -- Crosby

• What is the result of quality?
Long-lasting pavement

A good riding surface
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What is quality? 

Long‐lasting
smooth 
pavement

Acceptance
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Who cares?

Contractor
• Workabilityy
• Constructible
• Money

Incentives vs. Disincentives

Rework = Lost $$

13

Who cares?

Owner
• Better working environmentg

Project partners are qualified

Contractor knows how the Agency will 
accept/pay for the product

QC Plans remove some of the daily 
stress

• Get the product you are paying for

Cost effective

Low maintenance

Smooth

Durable

14
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How do we get it?

How do the following people affect quality?
• Designer/SpecifierDesigner/Specifier
• Agency Inspector
• QC Technician
• Loader Operator at the concrete plant
• Truck Driver
• Paver Operator
• Concrete Finisher
• Texture/Cure Machine Operator
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How do we get it?

16
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How do we get it?
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Q: I’VE GOT A PROJECT, NOW 
WHAT?

18
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Preparation

19

General Instructions

• Review plans, special provisions, 
appropriate manuals, standard 
specifications, and supplemental 
specificationsspecifications

• Discuss your responsibility and authority 
with the project engineer

• Review format and required content of 
your inspection diary

• Review required Schedule of Materials q
Control, testing procedures, and forms

• Discuss notification, changes, corrections, 
delays, rejections, tolerances, and checks 
with the project engineer

20
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General Instructions

• Attend and/or coordinate a pre-paving/pre-construction 
meeting with the Engineer and Contractormeeting with the Engineer and Contractor

• Know the contractor’s key site contact and who the 
materials supplier(s) will be.

• Make sure testing devices are calibrated and correlated 
prior to the day’s pour.

• Contact District Materials Engineer to schedule 
appropriate independent assurance sampling and testing 
at applicable work intervals.

• Review utility requirements.
• Review documentation of pay item quantities.

21

Preparation

Things you will need:
• PlansPlans
• Proposal/Contract
• Specifications
• Standard Details
• Documentation Tools
• Testing Equipment
• Storm Water
• Safety Review
• Traffic Control Items

22
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Preparation – Plans 
Title Sheet(s)

• Location
• Project 

Description
• Project Length(s)
• Vehicle Counts
• Index of Sheets
• Begin/End 

Stations of 
Project/Divisions

23

Preparation – Plans

Typical Cross Sections
• Provide standard dimensions 

and other important 
information

• Separated by location
• Can be multiple on one 

project
Mainline

Superelevations

Curbs

Ramp Grading & Paving

Shoulder Details

24
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Preparation – Plans 

Estimate of Quantities and Item Description
• Design quantities
• Reference notes for individual itemsReference notes for individual items
• References to standard details

25

Preparation – Plans 

Estimate of Quantities and Item Description
• Design quantities
• Reference notes for individual itemsReference notes for individual items
• References to standard details

26
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Preparation – Plans
Plan & Profile Sheets

• Give plan & 
profile view
Entire projectEntire project

Side Roads

Ramps

• Show new and 
existing features
DrainageDrainage 

structures

Entrances

Ditch Cuts
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Preparation – Plans

Geometrics Sheets
• Stakingg
• Jointing
• Edge profiles
• Intersections

28



11/28/2016

15

Preparation – Proposal/Contract

Proposal/Contract

• Quantities• Quantities

• Contract Period

• Utility Attachments

• Other Requirementsq

29

Preparation – Proposal/Contract

Contract

• Unit Prices
Familiarize

What’s an overrun cost?

• Addendums

• Plan Revisions

• Letting Date
Dictates specification version

30
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Preparation - Specifications

Specifications

• Standard
Correct (UPDATED) Version

• Supplemental

• Special Provisionsp

• Supplemental Agreement

31

Preparation – Standard Details

Standard Details
• Show you how to construct something 

di t t d daccording to agency standard

• Provides uniformity

• Ensure you have the current version associated 
with project letting

• Print out the ones specifically for the project

• Use a computer (if you can) for the entirety

32
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Preparation – Documentation Tools

Documentation Tools

• Computer• Computer

• Fieldbook
Software

Paper

• Camera (Smart phones work well)Camera (Smart phones work well)
• Paper
• Writing Utensils
• Blank Forms

33Photo: City of Syracuse

Preparation – Testing Equipment

Testing Equipment
• Ruler
• 4’ Level

Thermometer• Thermometer
• Shovel 
• Measuring Wheel
• Air Meter
• Rubber Mallet
• Brush
• Slump Cone
• Scale
• Spray Paint
• Tire Tread Depth Gauge

H• Hammer
• Bucket
• Stamps (station location)
• Vibrator Checker
• Beam Boxes/Molds

34
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Preparation – Storm Water

• Regulations

• Inspectionsp

• Be aware of construction runoff!

• Best Management Practices

35

Preparation – Safety Review

• Backing hazards  congested work areas
• Overhead power linesOverhead power lines

36
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Preparation – Traffic Control Items

Inspect and adjust as needed each
morning and evening.g g

• Reflectance of 
signage and 
delineators

• Arrow boards and 
message boards
B i ll d• Barrier wall and 
attenuators

• Condition of 
detour pavement

37

Q: WHAT IS CONCRETE?
A: It is not cement…..

38
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What is Concrete?

• Concrete Materials
• Concrete TerminologyConcrete Terminology
• Concrete Properties

39

Concrete Materials

40
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Concrete Materials

• 4 Basic Ingredients
Aggregatesgg g
Cement
Water
Air

• Other Stuff
Chemical Admixtures
SCM’s

41

Concrete Materials

42
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What is Concrete?

• (Portland) Cement 
Fine gray powder that reacts with waterg y p

• Concrete
Mass of sand and rock held together by hydrated 
cement paste

43

Concrete Materials – Cement

• Most Expensive Ingredient
• How is it made?
Limestone + Clay + Iron Ore + Heat ClinkerLimestone + Clay + Iron Ore + Heat  Clinker
Clinker + Gypsum  Portland Cement

Portland Cement: Material 
made by heating a mixture of 
limestone and clay in a kiln at 
about 1450 C, then grinding to 

fi d ith ll

44

a fine powder with a small 
addition of gypsum.
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Concrete Materials – Cement

How does it work?
• Cement + Water  Hydration  Crystals + Heat
• Needle like crystals grow and stick together and form 

gel-like mass

• C-S-H & C-H

• Longer Growth  Stronger Concrete
Needs water in mixture to continue growth

Not too much—Not too little

Keep water in mixture

–CURING

45

Concrete Materials – Cement

4628 day strength = 32 Mpa (4641 psi)
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Concrete Materials – Aggregates 

Aggregates occupy most of the volume in a mix and 
have a significant effect on PCC properties

• Workability
• Placement and consolidation

• Thermal expansion

• Cement content

• Water demand

• Strength

47

Concrete Materials – Aggregates 

• Traditional Two Aggregate Mixtures
Fine Aggregate (Sand)gg g ( )
Coarse Aggregate (limestone & gravel)

• Well Graded Mixtures
Less Cement
 Increased Workability
Decreased Shrinkage
Reduced Segregationeduced Seg egat o

• Two Important Aspects of Aggregates
Gradation
Durability

48
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Concrete Materials – Aggregates 

Gradation
• Distribution of Particle Sizes
• “Well Graded”

Somewhat equal proportions

49

Concrete Materials – Aggregates 

Durability
• How aggregates perform over time correlates to 

pavement life
• Geology
• Service Records
• Testing
Freeze/Thaw

Wetting/Drying

Absorption

MRD
–D-Cracking

–Alkali-Silicate Reactivity

50
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Concrete Materials – Aggregates 

• All types of rocks are all used in concrete

• Particle shape can affect workability, but gravelsParticle shape can affect workability, but gravels 
to crushed aggregates can be used

• Most aggregates can be used
Reactive (ASR/ACR) calls for mitigation
D-Cracking prone should not be used

The driving factor in aggregate selection is usually• The driving factor in aggregate selection is usually 
economics and source availability

• Uniformity

51

Concrete Materials – Water 

Different Sources
• MunicipalMunicipal
• Well
• Lakes
• Streams/Rivers
• Permitted?
• Effluents?

52
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Concrete Materials – Water 

• Water is necessary for the hydration reaction in portland
cement to occur

• Quantity of water is based on cement content to meet 
strength, durability, and workability requirements

• Water content is stated by the water to cement ratio (w/c) 
or the water to cementitious materials ratio (w/cm)

53

Concrete Materials

What is the most important parameter 
affecting concrete performance?

54



11/28/2016

28

W/CM Ratio

One of the most important elements affecting concrete 
performance is water to cementitious material ratio (w/cm) 
ratio

55

Concrete Materials – SCMs 

Supplementary Cementitious Materials
“Cement-like Stuff”

• Fly Ash
• Slag
• Silica Fume
• Ground Limestone
• Others 

56
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Concrete Materials – SCMs 

Fly Ash
• By-product of burning coal in electricity generating 

power plants

• Pozzolanic
Reacts with H20 and Ca(OH)2 to form cementing compounds

• Benefits of using fly ash
Increased long term strength

Increased workability

Reduced heat of hydration

Reduced permeability

REDUCED COST

57

Concrete Materials – SCMs 

Two Types of Fly Ash
•Class C Fly Ash

 Increased compressive strength at all ages

 May slow hydration

No ash between 
Oct 1 and May 15 
(Winnipeg)

No ash if under 0C 
 Pozzolanic and Cementitious

•Class F Fly Ash

 Increased compressive strength

 Initially slow hydration,

but goes on longer

Pozzolanic

or expected to be 
under 0C within 3 
days (Manitoba)

Pozzolanic

58

15% Max Fly Ash (Winnipeg - Class C)

20% Max Fly Ash (Manitoba)
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Concrete Materials – SCMs 

Silica Alumina
Calcium 
Oxide Sulfate

Type I Cement 22% 5% 65% 1%

Class F 52% 23% 5% 0.8%

Class C 35% 18% 21% 4.1%

Slag 35% 12% 40% 9%

Silica fume

SiO2

59

Cement

F Fly Ash

C Fly Ash
Slag

Metakaolin

CaO Al2O3

Manitoba Infrastructure Fly Ash

Concrete Materials – SCMs

Slag Cement
• By-Product of iron productionBy Product of iron production
• “Cream” floating on top of iron furnace
• Quenched  and ground into white powder
• Blended at cement plant or at ready-mix / batch plant
• Benefits
Increased Strength

Decreased Permeabilityy

Increased Sulfate Resistance

Decreased Alkali Aggregate Reaction Potential

60
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Cement

How Do SCMs Work?

Cement

Water

SCM + Water +

+ C-S-H

+

CH = more C-S-H 

=

Concrete Materials - Admixtures

Types of Admixtures:
• Air Entraining

• High/Mid Range Water Reducing 

• Retarding

• Accelerating

• Corrosion Inhibitors

62
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Concrete Materials – Admixtures 

Admixtures are used to:

• Enhance concrete properties

• Change fresh concrete behavior

• Reduce overall cost

• NOT to fix a bad mixture!

63

Concrete Materials – Air Entraining

• Used to entrain small air bubbles in concrete
• Benefits of Air Entraining
 Improve durability of concrete exposed to moisture 

d ring free e/thaduring freeze/thaw
 Improve concrete resistance to surface scaling caused 

by deicers
Reduce segregation and bleeding

64
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Concrete Materials – Air Entraining

• Types 
Neutralized Salt of Pine Wood Resins (Vinsol)

Other organic compoundsOther organic compounds

Synthetic detergents

• 1% increase in air content  ~5% decrease in 
compressive strength

65

Concrete Materials – Water Reducers

• “FREE the Water”
• Change the electrical charges on cement particles
Similar to anti-static laundry products

S t i fi th t f ti l t• Set up organic fingers that force particles apart 
(steric effect)

• Reduce quantity of mixing water required to 
produce a certain slump

• Typical water reducers can reduce water content 
by 7%-10%
Hi h R W t R d• High Range Water Reducers 
reduce water content by 
12%-30%

66



11/28/2016

34

Concrete Materials – Retarders 
• Retard the rate of hydration of concrete

Not necessarily set time

• Balance the effects of high temperatureBalance the effects of high temperature
Lower concrete temperature or use retarders

• Retarders do not lower the temperature

• Most retarders also work as water reducers

67

Concrete Materials – Accelerators

What happens?
• Shortened dormancy 
• Earlier initial and final sets• Earlier initial and final sets 
• Steeper hydration curve
• Often higher peak temperature

68
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Concrete Properties

• Air Content
Sl• Slump

• Workability
• Water/Cement Ratio
• Permeability-Unit Weight
• Temperature
• Strength

69

Concrete Properties – Air Content

• Air system in concrete influences ability 
to resist freeze/thaw

• Pressure Meter
Reports total air content – nothing 
about bubble sizes

• Super Air Meter (SAM)
Reports a number p
tied to freeze thaw 
resistance

70



11/28/2016

36

Concrete Properties – Slump 

• Test that was used to indicate water content in 
mixture

• No longer a good indicator of water content due to g g
admixtures and SCMs

• Can indicate a change in the mix –
CONSISTENCY!!

71

Concrete Properties - Workability

• Describes
How well concrete can be 

moved, molded, and 
shaped

Response to vibration

• Developing tests
Kelly Ball Test
The Box

• Affected by:
w/cm ratio
Aggregate gradation

72
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Concrete Properties – Water Cement Ratio

• Relationship between amount of water in mixture 
and amount of cement

• w/c  water to cement
• w/cm water to cementitious material• w/cm  water to cementitious material
• Has a huge impact on the ultimate 

strength/durability of concrete
• The more water in mix the farther

apart the cement particles are

w/c ratio = 0 42

73

w/c ratio = 0.42

w/c ratio = 0.60

Concrete Properties 
Permeability - Unit Weight

• Unit Weight = Mass of Concrete / Volume of Concrete

• Unit Weight determined during mix design

• Field Unit Weight = Design Unit Weight  Good

• Field Unit Weight ≠ Design Unit Weight  Bad
Something is wrong

Check these before you screamCheck these before you scream
– Scale (tare, calibration, etc.)
– Calculator (operator error)
– Math (1+1=3)

74
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• More water – means more space between 
cement grains

Concrete Properties 
Permeability - Unit Weight

Concrete Properties – Temperature

• When weather is cold…Is it warm enough for 
hydration to take place and the concrete will not be 
damaged?
 Is the subbase/subgrade frozen Is the subbase/subgrade frozen
 Cold Weather Protection!

• When the weather is hot…Is it so hot the mix sets too 
quickly and the concrete is damaged?

• Follow your specifications

Find an engineer to make the final call (blame)• Find an engineer to make the final call (blame)

• Water freezes at ???

76
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Concrete Properties – Strength 

• Many factors affect strength
Mix Design
Construction practice

• Many ways to measure strength
• Two most common:
Compressive Strength
Flexural Strength

77

Concrete Properties - Strength
• Compressive Strength
Cylinders or Cores
Usually for commercial or structural 

work

• Flexural Strength
Beams cast during construction

Preparation, curing, and handling are 
critical

Opening Strength

Two type of flexural test
– Center Point

– Third Point

78
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Concrete Mix Design

City of Winnipeg 

79

Manitoba 
Infrastructure

Min air 4.5% 
behind paver

WHAT KIND OF EQUIPMENT WILL 
BE USED?

80
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Equipment

• Subgrade/Base Prep
• Transport VehiclesTransport Vehicles
• Placement and Consolidation
• Finishing
• Texturing
• Microtexture
• Macrotexture
• Curing
• Sawing
• Sealing

81

Equipment

Stringline

82
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Stringless Paving

83

Stringless Paving
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Stringless Paver

85

Equipment 

Motor Patrol

86
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Equipment

Subgrade Trimmer

87

Equipment

Roller

88
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Equipment

Transport

89

Equipment

Transport
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Equipment

Transport

91

Equipment

Transport

92
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Equipment

Placing & Consolidating 

93

Equipment

Placing & Consolidating
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Extrusion Envelope

Excess Concrete
Movement

Profile Pan

TamperVibratorStrike Off

Concrete Head

Fluidized
S

Movement

Profile Pan Batter -
Compression-Paver Uplift

Fluidized
Concrete

Side Form Resistance Batter

95

Equipment 

Placing & Consolidating

96
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Real Time smoothness device 
(GSI )

97

Equipment

Finishing

98
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Equipment

Texture

99

Equipment

Texture
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Equipment

Curing

101

Equipment

Curing

102
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Equipment

Sawing

103

Too Late:SawingSawingToo Early:

Sawing Window
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Raveling

Restraint Stress Equals
Concrete Strength

Minimum Strength to Avert
Excessive Saw Cut Raveling

TimeTime

CC Excessive Saw Cut Raveling
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Equipment

Sawing

105

Equipment

Sawing
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Equipment

Sealing

107

Equipment

Sealing

108
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Equipment

Sealing

109

WHAT HAPPENS BEFORE YOU 
START PAVING?

110
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Daily Items Before Paving

• Traffic Control
• Dust Control
• Safety
• Aggregate Stockpile & Plant
• Previous Day’s PavingPrevious Day s Paving
 Tie Bar Placement
 Dowel Bar Placement
 Thickness
 Sawcut Depth/Raveling/Alignment
 Texture
 Smoothness (profile)

• Dowel Basket Placement
• Haul Road
• Vibrators
• Stringline Control

111

Traffic Control
Inspect and adjust as needed each morning and evening

• Reflectance of 
signage and 
delineatorsdelineators

• Arrow boards and 
message boards

• Barrier wall and 
attenuatorsattenuators

• Condition of detour 
pavement

112



11/28/2016

57

Dust Control

• Visibility  Safety

• Environmental awareness

• Public relations

113

Aggregate Stockpile Management

Minimize segregation
• Build long and wide-NOT high!g g
• Build stockpiles in tiers to avoid 

segregation Fines at the top

Coarse at the bottom

Picture courtesy of Martin Marietta Materials
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Aggregate Stockpile Management

• Uniform Moisture
Stable and well drained foundation underneath stockpiles
Place a separation layer on top of soil
Draw from areas of known moisture content
Mix the pile to crate a uniform moisture

115

Aggregate Stockpile Management

Contamination - mud balls
On the tires

In the aggregate

Dig too deep

116
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Plant Set-up and Calibration

• Calibrate scales and water meters 
Each time the plant is set-up 
At regular intervals

• Verify that the batch control computer
Has correct mix design(s)
Has appropriate aggregate moisture contents 

• TEST BATCH!

117

Mixture Verification Stage

• Compares field concrete to the mixture design

• Is this the same concrete?

• Trial Batch

SAME ?

118
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Recommended Practices

Adequate mixing time
• Uniformity
• Air entrainment
• Strength
• Workability

119

Daily Items Before Paving

• Traffic Control
• Dust Control
• Safety• Safety
• Aggregate Stockpile & Plant
• Previous Day’s Paving
 Tie Bar Placement
 Dowel Bar Placement
 Thickness
 Sawcut Depth/Raveling/Alignment
 Texture
 Smoothness (profile)

• Dowel Basket Placement
• Haul Road
• Vibrators
• Stringline Control

120
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Tie Bar Placement
• Longitudinal joints (T/3)
Contraction
Construction

• Aggregate interlockgg g

• Prevent joint separation

121

Tie Bar Placement

•Longitudinal Tie Bars

#4 or #5 rebar x 30”

122Reference: Betons Reinforcing Bar Company
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Tie Bar Placement

• Placement tolerance
Vertical – 2” cover
Alignment (tilt and skew) – not 

critical
SPACING – typically 15” from a 

transverse joint
• Verification
Visual for construction joints
Non-destructive methods for 

contraction joints (MIT Scan T2 
or GPR)

• Inspection during construction

123

Dowel Bar Placement – Load Transfer

• 1” to 1 ½” diameter smooth bar x 18”
• Transverse joints
• Provide load transfer between slabs

124
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Dowel Bar Placement

Placement tolerance
• Vertical – 2” cover

• ALIGNMENT (TILT & SKEW) –( )
most critical, but tolerances are 
fuzzy; non-uniformity can cause joint 
lockup 

125

Steel Placement (CRCP)

Affects crack spacing
• Adequate chairs for support
• Periodically anchored into subbase to resist movement 

from the paver
• Correct bar size and spacing
• Staggered laps

126
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Dowel Bar Placement

• Verification
Non-destructive methods (MIT Scan), must cut the 

shipping wire
Coring

• Inspection during construction

127

Thickness

• Performance is sensitive to thickness
• Spot check edges
• Coring
• MIT T2• MIT T2

128
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Sawcut Joints

Create a weakened plane to initiate cracking at the joints

129

Sawcut Joints

• Note when sawing began and ended
• Sawcut depth
• Joint location relative to dowel and tie 

barsbars
• Is there excessive raveling?
• Are there any random cracks?

130
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Sawcut Joints – Random Cracks

131Iowa DOT Construction Manual Appendix 9-6

Texture

• Macro-texture (tining) affects tire-
pavement noise

• Micro-texture (burlap drag) 
affects skid resistance

• No standard measurement 
technique

• Visually inspect for uniformity and 
texture depth

132
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Smoothness

• Daily contractor quality control testing

• Request a summary report and profile data

133

Daily Items Before Paving

• Traffic Control
• Dust Control
• Safety• Safety
• Aggregate Stockpile & Plant
• Previous Day’s Paving
 Tie Bar Placement
 Dowel Bar Placement
 Thickness
 Sawcut Depth/Raveling/Alignment
 Texture
 Smoothness (profile)

• Dowel Basket Placement
• Haul Road
• Vibrators
• Stringline Control

134
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Dowel Basket Placement
Inspection

• Joint spacing
• Lateral position
• Bar alignment

J i t iti l k d• Joint positively marked
• Bond breaker
• Anchoring to subbase

135

Haul Road
Inspection

• Identify unstable areas

• Notify the contractor

• Have a back up plan• Have a back up plan

136

Truck fire blocked haul road
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Vibrators
Verification

• Contractor decides upon number, spacing and position

• Vibrator monitor in use?
Time
Location
Frequency 

137

Vibrators
Verification

• Observe the contractor checking with 
a tachometer, before paving begins

• Dead vibrators may not be apparent 
behind the paver
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Vibrator Trails

•Noted by deeper groove

•Notify contractor and make adjustments

Left core - aggregate segregation

Stringline Control

• The stringline is used to provide an accurate 
reference for elevation and alignment control 
of the trimming, base laying and paving train

Ai d l i h idi i i• Air temp and relative humidity variations, 
equipment bumping the line, can affect the 
length of the line

• The grade should be checked before and 
during pour

• The paving equipment will follow the stringThe paving equipment will follow the string

• It is easier and safer to adjust the string 
rather than to crank the paver sensors
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WHAT HAPPENS WHEN YOU ARE 
FINALLY PAVING?

141

Daily Items During Paving

• Subgrade/Subbase Moisture
• Date Stamp and Sta. Marks 
• Mixture Homogeneity and Uniformity• Mixture Homogeneity and Uniformity
• Slab Geometry
• Batch Tickets
 Proportions
 Added Water
 Aggregate Moisture
 Delivery Time
 Yield

• Vibrator Frequency and Consolidationq y
• Edge Slump
• Dowel Placement
• Hand Finishing
• Texturing
• Curing
• Sawing

142
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Subgrade/Subbase Moisture

• Moisten base ahead of the paver
• Prevent excessive water loss into the basePrevent excessive water loss into the base
Workability
Cracking

143

Date Stamp and Sta. Marks

Invaluable when troubleshooting problems

144
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Mixture Uniformity

• Homogeneous - thoroughly mixed
• Uniform – consistent, not wet/dry/wet/dry …, y y
• Belt placer segregation – separation of aggregate 

and mortar

145

Slab Geometry
• Width - morning
• Thickness - hourly
• Cross-slope - morning and through transitions

146
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Daily Items During Paving

• Subgrade/Subbase Moisture
• Date Stamp and Sta. Marks 

Mixture Homogeneity and Uniformity• Mixture Homogeneity and Uniformity
• Slab Geometry
• Batch Tickets
 Proportions
 Added Water
 Aggregate Moisture
 Delivery Time
 Yield

• Vibrator Frequency and ConsolidationVibrator Frequency and Consolidation
• Edge Slump
• Dowel Placement
• Hand Finishing
• Texturing
• Curing
• Sawing

147

Concrete Proportions

• Target weights and actual weights
• Compare proportions to the approved mix designCompare proportions to the approved mix design 

– three times per day

Job SD OL
Ticket No. 1041

Date 3/26/2011
Time 15:30

Batch Size (yd3) 8
Formula # 2

Target Actual MC
Portland Cement 3680 3670

Fly Ash (lb) 920 920


y ( )

Coarse Agg (lb) 10910 10920 3.0%
Intermediate Agg (lb) 3460 3450 2.7%

Fine Agg (lb) 10460 10480 3.8%
AEA (oz) 40 40

Water Reducer (oz) 304 305

Mix Water (gl) 119 120
Trim Water (gl) 10 10

Water from Agg (gl) 98 98
Total Water (gl) 227 228
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Added Water

• Water:Cementitious
(w/cm) ratio is critical(w/cm) ratio is critical

• Transit mixed concrete
Monitor water added
Reject the load if the max. 

w/cm is exceeded
• Central mixed concrete, 

assure that trim water is 
thoroughly mixed andthoroughly mixed and 
included on the batch 
tickets

149

Aggregate Moisture

• Aggregates weights 
batched include waterbatched include water

• Moisture contents 
should be adjusted as 
needed

• Check batch tickets to 
see if it ever changes

Job SD OL
Ticket No. 1041

Date 3/26/2011
Time 15:30

Batch Size (yd3) 8
Formula # 2

Target Actual MC
Portland Cement 3680 3670

Fly Ash (lb) 920 920
Coarse Agg (lb) 10910 10920 3 0%Coarse Agg (lb) 10910 10920 3.0%

Intermediate Agg (lb) 3460 3450 2.7%
Fine Agg (lb) 10460 10480 3.8%

AEA (oz) 40 40
Water Reducer (oz) 304 305

Mix Water (gl) 119 120
Trim Water (gl) 10 10

Water from Agg (gl) 98 98
Total Water (gl) 227 228
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Delivery Time

Check transit time periodically

Job SD OL
Ticket No. 551

Date 3/23/2011
Time 11:30

Batch Size (yd3) 8
Formula # 2

Target Actual MC
Portland Cement 3680 3670

Fly Ash (lb) 920 920
Coarse Agg (lb) 10860 10850 2.5%

Intermediate Agg (lb) 3470 3460 2.9%
Fine Agg (lb) 10500 10510 4.2%

AEA (oz) 40 40
Water Reducer (oz) 304 305

Mix Water (gl) 119 120
Trim Water (gl) 10 2

Water from Agg (gl) 98 98
Total Water (gl) 227 220

151

Grade Yield

• Concrete used / concrete required, expressed as %
Example: 256 cy / 240 cy = 107%p y y

• Almost always greater than 100%
• If less than 100%
Deficient thickness (thin slab)?
 Incorrect concrete proportions?
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Daily Items During Paving

• Subgrade/Subbase Moisture
• Date Stamp and Sta. Marks 
• Mixture Homogeneity and Uniformity• Mixture Homogeneity and Uniformity
• Slab Geometry
• Batch Tickets
 Proportions
 Added Water
 Aggregate Moisture
 Delivery Time
 Yield

• Vibrator Frequency and ConsolidationVibrator Frequency and Consolidation
• Edge Slump
• Dowel Placement
• Hand Finishing
• Texturing
• Curing
• Sawing

153

Vibrator Frequency and Consolidation

• Sharp clean edges
• Closed smooth surface

154
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Vibrator Frequency and Consolidation

• Some surface voids are better than slurry running 
off the edgeso e edges

• Frequency should be adjusted for paving speed
• Vibrators off when stopped
• Collect and review vibrator monitor data when used

155

Edge Slump

• Concrete is extruded through a slipform paver
• Batter and overbuild allows for some edge slump
• Check periodically with a straightedge

f f• Halt paving if the edge keeps falling
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Dowel Placement

Dowel bar inserter (DBI)
• Bars inserted in plastic concrete
• Positive marking for the saw crew

V id l ft b i t• Void left by inserter

157

Dowel Placement

Baskets or DBI
Manually verify bar location (min 2x per day)Manually verify bar location (min. 2x per day)
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Hand Finishing

• Close voids in the surface
• Correct bumps and dipsCorrect bumps and dips
• No added water
• Do not overfinish

159

Texturing

• Straight tines, clean mortar buildup from the 
burlap drags and tinesburlap drags and tines

• Avoid positive texture (noise generator)

160
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Curing Purpose

Prevent excessive water 
loss from the concreteloss from the concrete

• Control plastic 
shrinkage cracking

• Lower permeability 
concrete

161

Curing Inspection

• Material meets 
specificationp

• Well agitated
• As close behind the 

paver as possible
• Specified coverage 

rate allowing for 
texture
Uniform coverage (no 

gray streaks)
Like a white sheet of 

paper
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Curing Inspection

Curing
• Start early
• Keep it wet and warm
• Does it affect strength? Yes
• When it dries, it dies

Poor GoodGood

163

Sawing

• Timing
RavelingRaveling
Cracking

• Sawcut depth
• Joint location relative to marks left by the paving crew
• Alignment

• Stick around and 
keep them on their toes
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Fixed Form Paving

• Setting Forms
• Embedded SteelEmbedded Steel
• Spreading/Puddling
• Hand Vibration
• Strike-Off
• Hand Finishing
• Texturing
• Curing
• Stripping Forms

165

Setting Forms

• Set to line and grade
• Fine gradedFine graded
• Shim forms when necessary
• Securely pinned
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Embedded Steel

• Dowel baskets
• Tie barsTie bars
Chaired in contraction joints
Placed in forms or drilled and epoxied in construction joints

167

Spreading/Puddling

• Even distribution from the truck chute
• Shoveled ahead of the strikeoffShoveled ahead of the strikeoff
Stinger vibrators are not shovels
Rakes are not shovels

168
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Hand Vibration

• Insert and remove vertically
• Repeat at a pattern that provides adequate p p p q

consolidation
• Do not vibrate embedded steel

169

Strikeoff

• Hand method (wet screed)
• Vibrating screedg
• Roller screed
• Bridge deck paver

170
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Hand Finishing

• Correct bumps and dips
• Close surface voidsClose surface voids
• Do not over-finish

171

Texturing

• Burlap/Turf drag
• Hand tiningHand tining

172
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Curing

• Small sprayer
• Apply before any evaporation occursApply before any evaporation occurs
Full coverage
Uniformly white

173

Stripping Forms

• Typically the following day
• Cure the edges• Cure the edges
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Incidental Items

• Dimension Sawing
• Joint Sealingg
• Granular or Earthen Backfill (shouldering)

175

Dimension Sawing

• Only necessary for sealants that require a specific 
joint shape (width:depth)joint shape (width:depth)

• Flush the slurry from the widened joint

176
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Joint Sealing

• Clean and dry joint faces
Sandblast
Dry compressed air

• Backer rod installation
• Sealant installation

177

Backfill

• Hauling equipment allowed on the pavement after 
opening strength has been metopening strength has been met

• Protect pavement edges from damage (stay 
away):
 loaded trucks
motor graders
 rollers

178
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Q: WHAT IS THE INSPECTOR’S 
ROLE?

179

Inspector’s Role

• Traffic Control
• Grade

• Finishing
• TextureGrade

• Concrete Delivery
• Concrete Placement
• Concrete Testing
• Pavement Testing
• Vibration
• Steel Placement

Texture
• Curing
• Station Markers/Dates
• Concrete Strength
• Haul Roads
• DOCUMENTATION
• Housekeepingp g
• Non-Compliance 

Notices

180
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Inspector’s Role
REVIEW TIME!

What’s wrong here?

181

What is Needed for Testing?

Equipment:
•Air meter
•Siphon bottle
•Bucket
•Mallet
•Shovel
•Slump cone
•Rod
•Trowel

182

•Trowel

•Assemble and check testing equipment
•Calibrate air meter regularly
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Inspector’s Role

Traffic Control

• Safety is paramount

• Every agency addresses it a little differently

• It is Everyone’s responsibility

• Crash  Stopped Traffic  Stopped Paver

183

Inspector’s Role

Grade
• Look for irregularities
• Wetting the subgrade
Dry Subgrade Water Drawn from Concrete 

I d t St th G i /C kiInadequate Strength Gain/Cracking

Do not overwet

Stringline
• Check alignment
• Walk ahead

184
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Inspector’s Role
Concrete Delivery

Delivery Time
Three Methods of Delivery

• Dump Truck
Sh t t All d D li TiShortest Allowed Delivery Time

Hardest to track

Follow a truck in normal traffic

Call plant for batch time if necessary

• Agitators
Longer Allowed Delivery Time 
( ti l t d i )(sometimes equal to ready-mix)

• Transit Mixers (Ready-Mix Trucks)
Longest Allowed Delivery Time

Batch time written on ticket

185

Inspector’s Role

Concrete Delivery
Added Water

• Ready-Mix trucks can add water at 
the grade

• Document volume of water added
Extremely inaccurate

Do not exceed max w/c ratio

186
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Inspector’s Role

Concrete Delivery
Added Water

• Mix for appropriate # of revolutions by spec (30)pp p y p ( )

• Adding water will:

• Increase workability (slump)

• decrease strength 

• increase permeability

• Communicate with plant

Better to add more at plant than in truck later

187

Inspector’s Role

Placement
• Belt Placer
Should be uniform pile

Segregation
– Aggregate gets thrown

– Paste piles next to belt

– Edge slump higher on side where trucks dump

• Ready-Mix
Evenly spread with chute

Stinger (Vibrator) is for consolidation—not moving concrete

– Do not drag

– Can cause segregation

188
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Inspector’s Role

Concrete Testing
Air Content

• Determine minimum testing frequency
Do more than the minimum

• Know required air content - Target, Min, Max

• Slip-Form Paving
What is target, min, max (in-place)

Test in front of paver

Test behind paverp
- Makes finishers mad

- Establish loss through paver

Can change throughout the day/time of year

Regular testing in front of paver

189

Inspector’s Role

Slump
• Consistency

• Slip-Form
Ability to stand up

High slump creates edge slump issues

Usually not required

Monitor visually for changes
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Inspector’s Role

Temperature
• Agencies have different 

specifications
Know your specifications

Water freezes at ??

• Check temperature regularly

• Changes in temperature can relate 
to:
Air content

Water demand

Workability

191

Inspector’s Role

Pavement Testing
Edge Slump

• Sign of mix inconsistency

• Edges coming out of paver should be vertical

• Test with straight edge

• Creates birdbaths
Safety hazard

- Rain

Ice- Ice

Durability issues
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Pavement Width

• Make sure it matches plans

• Slip-form paver should be rightSlip form paver should be right
Check paver before paving
Check first day of paving

• Check form widths
Use hubs to check offsets
Hubs may have been wrong, tooy g

193

Inspector’s Role

Cross SlopeCross Slope
• Double-check plans
• Check with:
String line

4’ Level 
– Ruler

– Digital

» Calibrated regularly

» Too accurate?

» Acceptable tolerance (0.5%, 0.25%??)
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Inspector’s Role

Depth Check

• Probing for thicknessProbing for thickness

• May indicate problems 

• Thickness incentives reduce concern

• Use string line across formsg

195

Inspector’s Role

Vibration
• Important for 

consolidation
Too much causes 

segregation, low air, 
cracking

Vibrator trails will be 
evident in texturing

• Check vibrators regularly 
(2 x day)(2 x day)
Determine vibration specs

Use vibration monitors as 
a tool, but always verify
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Inspector’s Role

Steel Placement-Transverse 
Joints

Doweled Pavements
•Basket Assemblies
Provide load transfer

Smooth bars allow bar to slide in 
concrete 

Contraction joint

Must be aligned with the pavementMust be aligned with the pavement 
and the joint

Check for damage to baskets

Baskets staked and marked for saw 
crews

197

Inspector’s Role

Steel Placement

Drilled Dowels

• Alignment

• Epoxy

Jointing

• Check plans for joint locations

Thi k l t h d• Think several stages ahead

• Ask for help if unsure

198
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Inspector’s Role

Steel Placement
Longitudinal JointsLongitudinal Joints

• Keyway
Inserted by hand in plastic concrete

Ensure consolidation around bar (vibration)
Pullout after set

• Drilled 
Ensure proper:Ensure proper:
Depth

Cleanout

Epoxy

199

Inspector’s Role

Steel Placement
Longitudinal JointsLongitudinal Joints

Centerline Steel (Slipform)

• Automatic or manual insertion

• Verify steel location 
Depth

Spacing

Especially in superelevated curves
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Inspector’s Role

Finishing
Slipform

• Some is usuallySome is usually 
necessary

• Too much indicates a 
problem

• Burlap drag
Wet burlap sparingly

No puddlingNo puddling

Very small amount of 
slurry created by finishing 
tools

201

Inspector’s Role

Finishing

Adding water to 
surface is often
referred to as:

Blessing the Slab

202
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Inspector’s Role

Yield
• Determine theoretical volume of concrete to be used
• L (ft) x W (ft) x D (ft) / 27 = Theoretical CY• L (ft) x W (ft) x D (ft) / 27 = Theoretical CY 

• Yield = CY Used/Theoretical CY x 100 = Yield %

• Normally is over 100%

• Slip-form is usually 103% - 106% especially withSlip form is usually 103% 106%, especially with 
thickness incentive

Extra concrete is good, especially if you’re paying by the SY

203

Common Sense 

If something is not right

STOP THE WORK

204
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WHAT ABOUT ALL OF THE OTHER 
ROAD BUILDING STUFF?

205

Other Construction

• Earth shoulder

• Longitudinal subdrains

• Granular shoulders

• Paved shoulders

206
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Other Construction

Earth shoulders

• Begins shortly after pavement has been opened toBegins shortly after pavement has been opened to 
contractor’s vehicles

• Completion prior to subdrain operations ensures 
proper drainage

• Material hauled with dump trucks or scrapers

• Spread and leveled with dozer or motor patrol

207

Other Construction

Earth shoulders

208
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Other Construction

Earth shoulders
Watch for equipment damage to slabq p g

209

Other Construction

Longitudinal subdrains
ExcavationExcavation

• Adjacent to edge of pavement

• Trenching Machine

Maintain the system!
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Other Construction

Longitudinal subdrains

• Placed with a “mule”

• Porous backfill placed on top of and around 
tubing/tile

• Ensure tubing/tile is not stretched excessivelyg y

• Ensure proper compaction

211

Other Construction

Longitudinal Subdrains

212
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Other Construction

Longitudinal subdrains
OutletsOutlets

• Located at typical spacing or specified 
locations

• Rodent guards

• Markers?

213

Other Construction

Longitudinal subdrains

214
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Other Construction

Granular shoulders
• After subdrain operationsAfter subdrain operations

One of the very last operations

• Usually placed with aid of shouldering machine

• Compacted as specified
Finish roller should not be driven on slab

• Usually finished with a motor patrol

• Take care not to damage slab

215

Other Construction

Granular shoulders
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Other Construction

Granular shoulders

217

Other Construction

Paved shoulders
• Typically on interstates and four lane dividedTypically on interstates and four lane divided 

highways
• May be PCC or HMA
• Granular base typically placed underneath

218
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Other Construction

Paved shoulders

219

Other Construction

Paved shoulders

220
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Maturity Testing

• Strength determines pavement opening (not time)
• Inspector monitors the process
• Maturity involves casting 12 beams & developing a y g p g

strength/maturity curve

Casting maturity beams at the plant site

WHAT TO LOOK FOR IN URBAN WHAT TO LOOK FOR IN URBAN 
PAVING?
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Urban Paving

223

Urban Paving

• Check ROW contracts for:
Property ownersProperty owners
Specific requests
Existing and proposed entrances

• Become familiar with locations of:
Intakes
Manholes
Sidewalks
Utilities – gas, water, electric, etc.

224
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Urban Paving

• Base Material
Does it allow for contractor to utilize as a haulDoes it allow for contractor to utilize as a haul 

route
Monitor condition for rutting, debris, 

contamination
• Subdrains

Protect trenches from over compaction and 
contamination

225

Urban Paving

Environmental Restrictions

226
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Urban Paving

Curbs
• Almost alwaysAlmost always
• Check gutter flow line elevations
• Hand finishing at driveway and sidewalk curb 

drops
• Median and stop sign islands require special 

shaping

227

Urban Paving

Curbs

228
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Urban Paving

Curbs

229

Urban Paving

Hand Pours
Typically a larger number of hand poursTypically a larger number of hand pours
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Urban Paving

Hand Pours
Subgrade/BHase PrepSubgrade/BHase Prep

• Uniformity!!

• Check for soft spots

• Utilities cause issues
Accesses

Trenches

231

Urban Paving

Hand Pours
Form PlacementForm Placement

• Clean Forms

• Straight

• Oiled

• Anchored

• Match thickness of pavingp g

• Achieve proper drainage
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Urban Paving

Hand Pours
Form placementForm placement

233

Urban Paving

Hand Pours
• Concrete PlacementConcrete Placement
Vibratory Screed

Roller Screed
• Vibrator
For consolidation

Not for moving concrete (shovels)
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Urban Paving

Hand Pours
FinishingFinishing

• Edging tool adjacent to forms
Prevents tears and breaks

• Special attention to fixtures in pavement

235

Urban Paving

Obstructions
• Some obstacles can’t be avoidedSome obstacles can t be avoided
• Be aware of potential conflicts
• Quadruple check elevations
• Think and look ahead
• Delays can cost the contractor and/or the 

agency $$
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Urban Paving

Boxouts
• Intake and manhole locationsIntake and manhole locations
• Side streets
• Accesses
• Pavement width changes

237

Urban Paving

Boxouts
• Usually formed with steel forms staked in placey p
• Rock placed in boxout to prevent filling with 

concrete
• Check forms for stability
• Post paving check for dowel bar locations

238
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Urban Paving

Boxouts
Jointing is CRITICAL!!!Jointing is CRITICAL!!!

239

Urban Paving

Jointing
• Proper jointing is critical for long lastingProper jointing is critical for long lasting 

pavement
• Check plans for joint spacing and placement
• Layout ahead of time with contractor
• Layout intersections and driveways first

240
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The Rules of Jointing

Things to Do

• Match existing joints or 
Things to Avoid

• Slabs < 1 ft (0.3 m) wideg j
cracks

• Place joints to meet in-
pavement structures

• Remember max. joint 
spacing

• Place isolation joints 

( )
• Slabs > 15 ft (5.0 m) wide
• Angles < 60º (~90º is 

best)
Do this by dog-legging joints 
through curved radius points

• Creating interior corners    
(L h d l b )where needed

• Can make field 
adjustments to joint 
location!

• Be Practical

(L-shaped slabs)
• Odd Shapes (keep slabs 

square or pie-shaped)

241

Urban Paving

Jointing

242
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Urban Paving

Jointing

243

Urban Paving

Jointing
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Urban Paving

Obstructions

245

WHAT PAPERWORK?WHAT PAPERWORK?

246
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Documentation

Document
DocumentDocument

Document
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Helpful Forms

Paver Setup
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Helpful Forms

Daily Paving Summary
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Helpful Forms

Pavement Markings
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Helpful Forms

Subgrade Checks
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Helpful Forms

Depth Checks
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Helpful Forms

Paving Items

253

Helpful Forms

Texture

254



11/28/2016

128

Helpful Forms

Air/Slump

255

Helpful Forms

Drawing

256
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Thank you for your time

257

Concrete Production:
The Cement Hydration Process

258


