


\WDOT
Density

We are not constructing porous pavements

Density needed to achieve desired pavement
life



Wet Spots Are DenS|ty Slgns







\WvDOT
Why Such A Fuss About Density???

Code of Federal Regulations

VDOT Uses Contractor Test Results for AC
Acceptance



\WwDOT Asphalt Quality Assurance Program
23 CFR 637 B

Policy — each state DOT shall develop a QA
program that will assure the materials &
workmanship incorporated into federal aided
construction projects meets specifications
and the plans

Three Major Components
Quality Control (Contractor)

Independent Assurance (VDOT)

Verification Sampling and Testing (VDOT)



\WvDOT
To Comply with CFR 637 Policy

DOT and Contractor must maintain qualified
staff

DOT and Contractor must perform certified
testing (Lab and Field)

Random Samples (Lab and Field)



\WVDOT _
Quality Assurance Program

23 CFR 637 B

Qualified Personnel
VDOT Plant Certification School
VDQOT Field Certification School
Superpave™ Mi x Design C
Proficiency Test requirement



\WDOT -
Independent Assurance and Verification

Sampling and Testing

Administered by VDOT

Frequency of sampling (random)
Based on Time/Tons/Lots

Equipment Calibrated
Annually
AMRL Proficiency Samples



\WDOT
Random Sample

A sample drawn from a lot in which each part
(ton of HMA or foot of pavement) has an equal
chance of being sampled.
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\WDOT
Random Locations

e ———————
5000 FEET
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\WVDOT
STRATIFIED RANDOM LOCATIONS

e ——
5000 FEET
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\WwDOT

FIELD DENSITY ISSUES
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\WVDOT
VTM-76

Stratified Random Locations
Control Strip
Test Sections

Cores for Control Strips
6 cores for new mixes

2 cores for subsequent control strips
Cores are MANDATORY
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\WVDOT

VTM-76

Mark sites clearly

If materials representative is not present

Inspector must sign Roller pattern, Control strip and Test
section forms

 TL-56, TL-57, TL-58, TL-59 & TL-60
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\WwDOT

DENSITY - VTM 76

ROLLER PATTERN
CONTROL STRIP
TEST SECTION
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WHEN TO CONSTRUCT A ROLLER
PATTERN

Beginning of a new course
Change in Job Mix - Gradation or Source

Change in Subsurface
At direction of Materials Engineer

Change in equipment — NO LONGER REQUIRED
IN SPECIFICTIONS
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\WwDOT
HOW TO CONSTRUCT A ROLLER PATTERN

Start between 500 & 1000 feet of the beginning of paving
The Roller Pattern is 75 feet long
The Control Strip is 300 feet long

The Lift Thickness is the same as the course it
represents
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\WVDOT

50 ft.- 75 ft.

50 ft.- 75 ft.
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\WVDOT

30 FEET
-

l—l
/5 FEET
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\WVDOT
START LAYING ASPHALT

MAKE FIRST PASS WITH ROLLER
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MAKE SECOND PASS WITH ROLLER
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SECOND MODE

« MEASURE THE DENSITY USING THE 30

* RECORD AND AVERAGE READINGS

PASS NO. 2
SITE 1

SITE 2
SITE 3

AVERAGE

* PLOT AVERAGE

NUCLEAR DENSITY

135.5
136.6
134.8

135.6
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MAKE FIFTH PASS WITH ROLLER
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MAKE SIXTH PASS WITH ROLLER
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« MEASURE THE DENSITY USING THE 30
SECOND MODE

* RECORD AND AVERAGE READINGS

PASS NO. 6 NUCLEAR DENSITY
SITE 1 140.1
SITE 2 144.3
SITE 3 142.0
AVERAGE 142.1

* PLOT AVERAGE
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\WDaT
Caution!

Beware of False Breaks
Use Common Sense
Maximize Density
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\WwDOT

DENSITY - VTM 76

ROLLER PATTERN
CONTROL STRIP
TEST SECTION
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CONTROL STRIP

Verifies the Nuclear Density and determines the
Target Density that is used to control
acceptance for the rest of the project
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\WVDOT
4




\WDOT

CONTROL STRIP

300 feet long, constructed in the same manner as the
Roller Pattern

Use the same Number of Passes as determined in the
Roller Pattern

Select 10 Stratified Random Locations and Mark them
with a Template and Paint

Test each location and Average the Readings

Cut Cores at the 3 sites Closest to the Average for
Density Verification

Your Target Density is the average of the ten (10)
Nuclear Readings

One-Minute Mode for the Nuclear Gauge "



\WVDOT
Stratifled Random Interval

Ten Sections 30 foot long
or
Two Sections 150 foot long



\WVDOT

Control Strip Random Sites

Site

Distance

Offset
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Measuring Wheel




\WVDOT

Reference line

Offset Is (1) foot inside the pavmg
lane









Site Labeled




\WVDOT

300 FEET
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\WVDOT

CONTROL STRIP READINGS
SITE NO. DENSITY (LB/FT3)

1 141.1
141.9
142.8
143.0
144.1
137.4
144.1
143.8
138.0
137.9
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\WDOT
NUCLEAR DENSITY VERIFICATION

Select the three (3) sites closest to the Target
Density

Cut two (2) Cores/plugs from each of the three
(3) sites

Determine the Bulk Density of the six (6)
Cores/plugs
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\WDOT

CONTROL STRIP READINGS

SITE NO.
1

© 0O N O 0o o WO DN

[N
o

Average

DENSITY (LB/FT3)

141.1
141.9
142.8
143.0
144.1
137.4
144.1
143.8
138.0
137.9

141.1

Core
Locations
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\WVDOT

300 FEET
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Carbon Dioxide to Cool HMA




Dry Ice to Cool HMA







\WwDOT

Central Office Core Rig
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Remove Plugs
¥




\WwDOT

Weig
Weig
Weig

N1
N1

N1

CALCULATE THE BULK SPECIFIC GRAVITY

- VTM 6

ne core in Air
ne core In Water

ne core in Air in SSD Condition
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\WVDOT

VERAGE THE 2 SSD BULK SPECIFIC
GRAVITIES FROM EACH SITE

Site 1 (2.271 + 2.272)/2 = 2.272
Site 2 (2.256 + 2.276)/2 = 2.266
Site 3 (2.283 + 2.289)/2 = 2.286



\WVDOT
PERCENT DENSITY VTM-22

Bulk Specific Gravity / Rice = Percent

Density
(2.272/2.456) *100 =  92.5%
(2.266 /2.456) * 100 =  92.3%
(2.286/2.456) * 100 =  93.1%
Average = 92.6%

Rice = Theoretical Maximum Density
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\WVDOT
Theoretical Maximum Specific Gravity

Rice Value 7 AASHTO T209

VTM 22

1) Moving Average of Five values

2) Simple Average until Five values are obtained

3) Initial value is determined from a production
run within the last 30 days
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\WVDOT
MINIMUM DENSITY REQUIREMENT

(Bulk Specific Gravity / Max Specific Gravity) * 100
(Table I11-3)
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\VDDT
TABLE I1l-3 Density Requirements

Mixture Type Min. Control
Strip Density (%)
SM-9.5A, 12.5A 92.5
SM-9.5D, 12.5D 92.2
SM-9.5E, 12.5E 92.2
IM-19.0A 92.2
IM-19.0D 92.2
BM-25.0 92.2

Note: The control strip density requirement is the percentage of
theoretical maximum density at the job-mix formula as
determined by Superpave Mix Design.
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\WVDOT

IS THIS ROLLER PATTERN
ACCEPTABLE foraSM 9.5 D ?

92.2% is the Minimum Control Strip Density
Requirement

92.6% Is the Average Density of the 3 Sites

IS THIS ROLLER PATTERN
ACCEPTABLE foraSM9.5A ?



\WwDOT
ANTROL STRIP

The Control Strip Passes
The Target Nuclear Density of

141.1 Ib/ ft3 has been verified by
the cores.



Important Change for Control Strips

Federal Aid NHS Projects the inspector must:
Observe the extraction of cores/plugs (VTM-76)

Observe the determination of % density (VTM-6 &
VTM-22)

Secure and maintain possession of cores/plugs
for Material Section (contact materials section
the same day cores were bulked to make
arrangements for cores to be picked up)

Requirement applies to:
Federal Aid Plant Mix Schedule Projects
Federal Aid Construction Projects on NHS
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\WVDOT

NEW ROADWAY

New Roller Pattern
New Control Strip

Minimum One Set of
Plugs/Cores



\WVDOT
AST SECTIONS

Used for Project
Acceptance



TEST SECTION(S)

5000 feet long, of any pass, regardless of

width or thickness (may be increased to
7,500 feet upon approval by the Engineer)

Divide into five 1000 foot Sublots (1,500 feet
when increased lot size approved by

Engineer)
Test 2 Labeled anc
Locations In eac

Compare test resu

Marked Stratified Random
N sublot

ts with Target Density

determined in Control Strip
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\WvDOT
Common Approach to Random Locations

Spreadsheet provide to contractor by VDOT
Spreadsheet uses randomization function

Provide 1 set of locations per QC lot at
beginning of daily production
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\WVDOT

Test Section Random Sites

Site Distance Offset
1 753 8
2 822 6
3 1244 5
4 1826 10
5 2495 4
6 2766 7
7 3160 5
8 3581 9
9 4379 2
10 4635 7
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\WVDOT
TEST SECTION

e ———————
5000 FEET
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\WVDOT
TEST SECTION SITES

Marked with Template

Labeled for Lot Identification

BEFORE Testing with Nuclear Gauge
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Mark and Label Test Locations
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\WVDOT

THE CONTROL STRIP DENSITY IS THE
ARGET DENSITYOR THE TES
SECTIONS

100 % Payment for this project would be 98
% to 102 % of 141.1 Ib/ft3 or 138.3 Ib/ft3 to
143.9 Ib/ft3



\DOT
If any two consecutive

sublots have density
readings less than 98%
or more than 102% of
the Target Density,

TAKE CORRECTIVE
ACTION



\WVDOT

TABLE IlI-4
Payment Schedule for Lot Densities

% of Target % of Payment
Control Strip Density
Greater than 102 95
98.0 to 102.0 100
97.0 to less than 98.0 95
96.0 to less than 97.0 90

Less than 96.0 75
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\WDOT
VDOT’' s Rol es

Independent Assurance (lA) Testing
Control Strips

Verification Sampling and Testing (VST)
Test Sections

81



\WVDOT

|A Density

Purpose of IA: Ensure contractor personnel in
field are following procedures and core
bulking equipment in calibration

VDOT Materials Will:

Verify Random Testing Process

Record Equipment Calibration Date

Record Gauge Serial Date

Observe Reading Performed by QC Technician

Reweigh Cores/Plugs from minimum 1 control strip
per project, 10% of all project control strips

Complete TL-141A and TL-141B
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\WDOT

|A Density

VDOT Materials Will Annually Per Technician:
Verify Random Testing Process
Record Equipment Calibration Date
Record Gauge Serial Date
Observe Reading Performed by QC Technician
Complete TL-141A

VDOT Materials Will Per Project/Contract:

Reweigh Cores/Plugs from minimum 1 control strip
per project, 10% of all project control strips

Complete TL-141B

83



b |A — Project Based Level

Control Strip

300 FEET



\WvDOT
VST Density Program

All plug/core based approach
Plugs/cores taken by Contractor

Location of plugs/cores identified by VDOT
Materials Section

20% of the Test Sections/Lots verified

Comparison of core/plug density to control strip
core/plug density

Must be 98% to 102% of control strip average
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\WVDOT
VST - TEST SECTION

ﬁ|

5000 FEET

— VST
® QC
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\WwDOT
No Habits — RANDOMNESS

Remember, 23 CFR 637B Stresses Randomness

Manual of Instructions Requires Stratified
Random

Are The Following Sites Random?
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Contractor SMA Plug/Core QA

Performed when VDOT does not perform QA
with VDOT obtained cores/plugs

Project team retains contractor cores/plugs
after field test completed

VDOT Material Section will retest in lab
20% of SMA cores/plugs tested
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\WDOT
Conclusions (Density)

Contractor’s Rol e
Certified Asphalt Field Technician
Acceptance Testing
Random Locations

VDOT’' s I nspector Rol e
Provide/Verify Random Locations
Sign Forms when Materials Not Present
Observe Bulking of Cores/Plugs

Retain Cores/Plugs from Control Strips on Federal
Aid Project

Collect QC Density Sheets

When Mix Changes, Enforce New Roller Pattern and
Control Strip Requirement in VTM-76
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\WDOT

Waiving Density

Why Is Density Waived?

Existing
Existing
Existing

navement deteriorated
pavement thin
pnavement surface treatments
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\WDOT
Who Walives Density?

Contractor — No
Inspector — No
Materials Representative — Yes
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\WDOT
Suggested Process

1. Inspector and contractor review routes
together

2. For questionable routes, decide on reasons
why

3. Contact Materials Section for final
determination

98



\vDOT
Waiving Density

If density Is waived, roller pattern and control
strip still required
Plugs must be cut and weighed
Why, to validate decision
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Wail ving Density

How many control strips are enough?

Depends
Is the existing pavement in good condition?
Has the mix met the minimum on other routes? (mix vs. road)
Has the equipment changed?

Avoid placing control strip on only good section of
pavement to get passing results. Not representative
of site

(C
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\WwDOT

Any Questions?
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