Density Testing

Learning Outcomes:

MUnderstand Density testing procedures to validate specifications can be met by the job-mix

use.

Density Testing

The Virginia Department of Transportation (VDOT) requires that the Contractor perform density
testing on the surface, intermediate and base courses of asphalt mats in order to determine if the

specifications can be met by the job-mix used.
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TOOLS AND EQUIPMENT

Performing the Standard Count Using a 4640 B Nuclear Density Gauge

The gauge comes equipped with a reference block and an air gap spacer to perform the
standard count procedure. A standard count is taken daily to check the gauge operation
and naturally occurring background radiation. It also allows the gauge to compensate
for natural source decay.

Note: The nuclear density gauge must be provided by the Contractor.

Describes what tools, equipment and tests are required to complete the job safely and with the highest level of quality.

Virginia Test Method -76 (VTM-76) is the procedure used by VDOT and its Contractors to:

= determine the compaction required for the mix with the Roller Pattern,

= determine the density achieved by the roller pattern with the Control Strip, and

= then divide the rest of the project into Test Sections for acceptance testing.

Testing shall be performed by an individual who is Asphalt Field Level Il certified whether using a

nuclear density gauge or extracting sawn plugs/cores.

- T6AT8 GADGE

REFERENCE BLOCK
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Procedure

1. Establish an area at least 10 feet from any structure, and 33 feet from other
radioactive sources, such as another gauge, to take standard counts. Select a
location that is flat, either concrete or asphalt with a minimum density of 100

Ib/ft>. Do not use truck beds, tailgates or tabletops.

2. Place the air gap spacer on the reference block.

3. Then place the gauge on the air gap spacer. The gauge must be in the “safe”
position. The air gap spacer has three legs, two on one end and one on the other.
For stability, set the handle side of the gauge on the two-legged side of the air gap
spacer. A stable gauge is critical for obtaining accurate readings.

Taking the Standard Count

Standard Count
XXXX.XXXX
Take a new

Standard Count

1. Press < STD > for the display:

Place Gauge on Spacer & both on Block,

2. Press < YES > for the display: Put Rod in Safe. Press ENTER

3. Check the gauge position.

Taking
Standard Count
XXx seconds
remaining

4. Press < ENTER> for the display:

5. Atthe end of the count, the gauge beeps. Enter the count in the standard log and accept the count
by pressing < YES > .

6. Test readings may be taken when the gauge is in the "Ready" mode.

Note: If the count fails, refer to the gauge’s "Manual of Operation and Instruction Guide" for further
instructions or contact your District Materials Section for assistance.
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The Roller Pattern

The roller pattern determines the number of roller passes required to achieve maximum density for a
given asphalt mix.

Roller Pattern Construction (VTM-76)

The following items are needed before beginning the Roller Pattern/Control Strip:

= Approved Mix Design

= Approved paving equipment

= Nuclear gauge template and white or other approved spray paint

= Thin-lift nuclear density gauge with printer, meeting requirements of VTM-81

=  Magnesium nuclear gauge calibration block

= A rolling measuring device that will measure from 1 to 1000 linear feet or any other device
approved by the Engineer

= Rotary saw or coring machine for sawing core/ or plug.

= Equipment to weigh cores or plugs (VTM-6)

= The Maximum Theoretical Specific Gravity of the mix as determined in VTM-22

This illustration of the roller pattern and control strip shows the way you will usually see them in the
field. The material for the roller pattern is placed first, then the material for the control strip.

Initial Paving Prior to Roller Pattern Roller Pattern Control Strip
500- 1000 ft SO s S0 ft 300 ft
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A roller pattern and control strip should only be constructed after a minimum of 500 feet of mix has

been placed. Within 500 - 1000 feet of mix placement, a roller pattern and control strip must be

constructed. The first 75 feet length will be the roller pattern and the next 300 foot length will be the

control strip, regardless of the paver width. This mix should be of the same depth and application rate

as called for in the plans and/or contract.

Place enough asphalt to construct the roller pattern. Allow about 50 feet on either end of the
roller pattern section for the roller to maneuver.

It is recommended that the paving train stop while the roller pattern is being constructed.

Begin the roller pattern by making (2) two passes of the roller over the 75-foot roller pattern area.
Move the roller over and roll the same number of passes on the other section of the paver width.
(One pass is “up”, two passes is “up and back”.)

Note: Use judgment and experience to make the maximum number of passes before beginning the
nuclear gauge readings. (If a mix has historically taken 6 vibratory passes of the roller to achieve
compaction, make 4 vibratory passes before taking the first readings.)

Select three locations to be tested in the 75-foot roller pattern. Two locations should be
approximately 30-feet apart on one side of the lane and the third location on the opposite side of
the lane about 15 feet from either of the first two locations.

Approx. 30 feet
Ly < > [

75 feet

A
v

Test Location

Using the template shown below and approved spray paint, mark the test site locations after the
first 2 passes of the roller. This is necessary since the same test site location must be used for each
reading.
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Nuclear Gauge Template

= To take the test, the gauge should be positioned so that it is parallel with the roadway and set in.
It is important that the gauge is always oriented in the same direction so the same location is being
tested. To do this, always position the gauge with the source rod towards the paving train.

=  Roller Pattern Density readings may be taken in the 30-second mode.

= Readings must not be taken in areas of overlap. For surface and intermediate courses, readings
must not be taken within 1 foot of an unconfined edge; for a base mix the distance is 18 inches.

= Test the 3 locations after the first two passes of the roller. Record the readings on the Asphalt
Nuclear Density Thin-Lift Roller Pattern Worksheet TL-56. Calculate the average density of the 3
locations and plot the average density in pounds per cubic foot versus the number of roller passes
on the Asphalt Nuclear Density Thin-Lift Roller Pattern Graph on the TL-57 form.

= Continue this procedure - rolling and testing of the section until the roller pattern reaches its
maximum density. To achieve maximum density, the mat shall be rolled until the average density
decreases. This is observed by a “break” in the plotted curve. At this point, additional passes may
cause the mat to decompact, or lose density.

= After the first decrease in density, make one additional pass, in the static mode, over the entire
width of the mat to ensure that there is not a *false break. If the mat decreases in density again,
then the maximum density will be the density achieved one roller pass before the initial decrease
in density.

= At this point the roller pattern is complete, maximum density has been attained. You can begin

laying the asphalt for the Control Strip.

AWARENESS/IMPORTANT

A false break occurs when the density increases after a decrease in density. If this
happens, continue to make passes with the roller in the static mode until the density
decreases a second time. Then make one additional pass to verify the break. The
maximum density will be the greatest density achieved at the least number of passes.

Note: It is recommended that the paver stop while the Roller Pattern is being
constructed.

Note: Typically a decrease of 0.5 Ib/ft® will indicate maximum density has been
achieved.

Highlights a step in the procedure which is either unusual or very particular to this procedure.
May also indicate awareness (additional information) or a cautionary concern in the procedure.
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TL-56(Rev- 4/05)

ASPHALT NUCLEAR DENSITY THIN LIFT
ROLLER PATTERN - WORKSHEET

Control Strip No 1

Date 6/21/13

To 11.04

Project or Schedule PM-2D-13 ltem No.
Route 81 From _13.76
Directional Lane SBL

(NBL, SBL, etc.)

Mix Type SM-9.5D

Application Rate: 165

Lane Inside
(inside, center, etc.)

Ibs/yd®  ( kg/m?)

Producer Asphalt Inc. Location Ketchum, VA
Roller Type: Roller 1 DD-130 Roller 2 DD-110 Roller 3
Roller Pattern Data
Gauge Serial Calibration Depth
Model 4640-B No 401 Date 5/18/13 Setting 1.5 in. (mm)
Pass No 2V Nuclear Density Pass No 6 (3S) Nuclear Density
Site 1 135.5 Site 1 142.7
Site 2 136.6 Site 2 143.9
Site 3 134.8 Site 3 140.2
AVERAGE 135.6 AVERAGE 142.3
Pass No 3V Nuclear Density Pass No 7 (4S) Nuclear Density
Site 1 139.5 Site 1 142.3
Site 3 137.9 Site 3 139.5
AVERAGE 139.9 AVERAGE 141.6
Pass No 4 (18) Nuclear Density Pass No Nuclear Density
Site 1 142.6 Site 1
Site 2 144.0 Site 2
Site 3 139.9 Site 3
AVERAGE 142.2 AVERAGE
Pass No 5 (2S) Nuclear Density Pass No Nuclear Density
Site 1 1427 Site 1
Site 2 144 .4 Site 2
Site 3 140.5 Site 3
AVERAGE 142.5 AVERAGE
Testing Performed by Observed by

VDOT Inspector
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TL-57

Project or Schedule PM-2D-13
Route 81
SBL
(NBL, SBL, etc.)
Mix Type__SM-9.5D

ASPHALT NUCLEAR DENSITY THINLIFT
ROLLER PATTERN GRAPH

Producer Asphalt Inc.

Control Strip No 1
Item No. Date 6/21/13
From 13.76 To11.04 Directional Lane
Lane Inside
(inside, center, etc.)
Application Rate: 165 Ibs/yd® ( kg/m?)

Location Ketchum, VA
Calibration Depth

401 Date 5/18/13 Setting 1.5 In. (mm)

Gauge Model 4640B Serial No.

Densi;cy
Ibs/ft

Optimum Density

143

142

141

140

139

138

137

136

135

Optimum Density

°
7

.

/

Number of Roller Passes

142.5

(from peak of roller pattern curve)

Optimum Number of Passes: 5

Number of Roller Passes Roller 1

Testing Performed by

3V Roller 2

|
]
N\
\.
6 7 8 9
Ibs/ft3 (kg/m?3)
2S Roller 3

Observed By
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The Control Strip

The Control Strip is built by following the procedure established in the roller pattern section to
determine if the density can be achieved. VDOT specifications require that one control strip be
constructed at the beginning of work on each roadway and shoulder course and on each lift of each
course. An additional control strip is required when:

= A change is made in the type or source of materials

=  Whenever a significant change occurs in the composition of the material being
placed from the same source

=  When there is a failing control strip.

During the evaluation of the initial control strip, paving operations may continue. However, paving and
production shall be discontinued during construction and evaluation of additional control strips.

In the event that two consecutive control strips fail, subsequent paving operations shall cease until
corrective action(s) has been made with the approval of the Engineer. If it is determined with the
Engineer’s approval that the density cannot be obtained because of the condition of the existing
pavement structure, the target control strip density shall be determined from the roller pattern that
achieves the optimum density and shall be used on the remainder of the roadway that exhibits similar
pavement conditions.

Either the Department or Contractor may initiate an additional control strip at any time.

Determining Density Testing Locations

The stratified random sampling method is used to determine the locations for density testing in the
control strip. Stratified random sampling is “sampling from equal portions of a lot at locations that have
been selected solely by chance”. Any statistically acceptable method of randomization may be used to
determine the location of the stratified random sample to be taken; however, the method must be
approved by the Engineer prior to beginning testing. All random locations shall be determined for each
test site prior to the beginning of the paving operation. This manual shows one of several acceptable

methods of stratified random sampling for a control strip.

Selecting Random Numbers

To determine test site locations, select ten numbers from the Random Numbers Table (see next page)
under “Distance from beginning of Control Strip” and the corresponding numbers under “Paving
Width - Distance From Reference Line”. Record these coordinates on the TL-58 form.

For this example, the pavement width is 12 feet and the reference line is on the right. The first test

site location will be 17 feet from the start of the control strip and 1 foot from the left of the reference
line. The diagram illustrates the test site locations for this control strip.
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Random Numbers Table
Distance From | Distance Paving Width
beginning 01 from Sublot Distance From Reference Line
Control Strip Start
Control Strip Test Section | 8 & width | 9 ft. width | 10 ft. width | 11 ft.width | 12 ft width | 13 f width | 14 ft width
17 = — Test Site 1 location - 10 6
i Al Test Site 2 location II—L—I--'B 1
6 - e Test Site 3 location - » 3 4 9
118 45l = = g 10 9 6
s Test Sits 4 location ! : - =
12 el Test Site 5 location S S
15—l Test Site 6 location et 2 7 8
19 < L Test Site 7 location 3 ¥ 8 1
87 < — Test Site 8 location 2 - 8 4
b ali Test Site 8 location L > 5 5
200 AR Test Site 10 location L »t 8 10
X = Test Location
- 300 feet >
—— 150 feet - 150 feet _
[ g
Test Site 4 X
i 118 f-10 ft Lt L
2 _,f??tﬁs"aej X 120f-9f1Lt | X
o i Test Site 7 X Test Site 10
i EStSie 8 280 ft - 4 ft Lt.
192 fi-7fi Lt
EIrf-61Lt X
X [MestSiie 3
¥ Test Site 1 B3fi-3fLL X Tesi Site 6 mx
17 ft- 1 ft LL 157 -2 fi Lt DA ft- 3 f LL

T Direction of Paver *
Reference Line
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Control Strip Procedure

Control Strip Procedure

STEP 1) Lay Asphalt Concrete (AC) for the 300-foot control strip and compact the mat
using the number of passes determined in the roller pattern. Stratify (divide into equal
sections) the 300-foot control strip in a manner approved by the Engineer. Using the

nuclear gauge template, mark the ten stratified random locations that will be used to

determine the target density. Do not take readings within 12 inches of an unconfined
edge for surface and intermediate mixes, or within 18 inches of an unconfined edge for
base mixes.

Place the nuclear gauge template on the mat and position it parallel to the roadway
with the arrows pointing in the direction of the paver. Spray paint the template with
white or other approved paint such that the underlying pavement is marked with paint
through the cutouts in the template. These locations should be clearly visible when the
template is removed. Once the gauge location is marked, remove the template.

STEP 2) Place the nuclear gauge within the area marked by the template with the
source rod toward the paver. Take the nuclear density readings in Ib/ft> using the one-
minute mode at the ten (10) stratified random locations marked in the 300-foot control

strip section. Record the locations and_density readings on the Asphalt Nuclear Density
thin-Lift Worksheet, Control Strip Target Density - Form TL-58 (see page 9-13). The
average of the 10 readings is the Target Density.

STEP 3) Cores/plugs are cut to verify that the specified density has been achieved in the
control strip. Two cores/plugs shall be taken for density determination from each of
three (3) of the ten (10) nuclear gauge reading locations in the 300-foot control strip

section. The sites for the three sets of cores should be the three sites closest to

the target density (average of the ten readings).

Dry cut the cores/plugs for density testing. The cores/plugs are to be 4”x 4” square if
sawn or 4” in diameter if taken with a drill. If a drill is used to obtain the cores, no water
shall be used. Mark the location of the core/plug. Freeze the roadway using CO,, dry
ice, or another approved method. Cut the core/plug using the saw or drill. Freeze the
road a second time after cutting. Then gently pry around the core/plug to break it loose
from the underlying layer. Take care not to damage the core/plug or break off any
corners. If the core/plug is damaged, it must be discarded and another core/plug taken
from the same area. Measure the thickness of the core/plug and record on the TL-60
form.

The procedure for taking the cores/plugs is found in VTM-22. The apparatus and
procedure for determining the bulk specific gravity of the cores/plugs is in VTM-6. (See
Appendix A for these test methods.)
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Note: Calculations for the following steps are on the next several pages of the guide.

STEP 4) Determine the density calculations on the two (2) cores/plugs from each of the
three (3) sites. Record the weights and calculations for the cores/plugs on the TL-60
form.

Compute the average bulk specific gravity of the cores/plugs using VIM-6. If the
average bulk specific gravity of the six cores/plugs meets the minimum specified
density for that mix, the roller pattern is accepted and the target density will then be
used to determine acceptance in the test sections.

The percent density of the cores/plugs is determined by dividing the Average SSD Bulk
Specific Gravity by the Current Maximum Specific Gravity* (G,m) of the mix, and
multiplying by 100. The equation for this calculation is:

Vg. mm) X = Avg % Density
(Avg. SSD BSG/G,,m) x 100 = Avg % Densi

*A current maximum specific gravity is defined in VTM-22 as:

The theoretical maximum specific gravity (G, ) used for this calculation is determined
by a moving average of five (5) values. On the first day of production of a mix, the
producer’s lab should have a G, from the sample taken that morning by the time you
are ready to determine the density of the cores/plugs on the road.

The average percent density is then compared to the Minimum Control Strip Density
listed in the Road and Bridge Specifications - Section 315.05(e)1. Table IlI-3

Table 111-3
Density Requirements
Mix Type Min. Control Strip Density %
SM-9.5A, SM-12.5A 92.5
SM-9.5D,SM-12.5D 92.2
SM-9.5E, SM-12.5E 92.2
IM-19.0A, IM-19.0D, IM-19.0E 92.2
BM-25.0A, BM-250D 92.2

After taking the ten readings in the control strip, verifying the density with the
cores/plugs, and establishing the target density, divide the rest of the project into
Test Sections.
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TL-58 (Rev. 4/05)

VIRGINIA DEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY THIN LIFT WORKSHEET
CONTROL STRIP TARGET DENSITY

Control Strip Number

1

Project or Schedule  PM-2D-13 Item Number Date 6/21/13
Route 81 From 13.76 To 11.04
Directional Lane SBL Lane Inside
(NBL, SBL, €1c) (Inside, Center, etc.)
Mix Type SM-9.5D Application Rate 165 Ibs/yd?
Producer Asphalt, Inc Location Ketchum, VA
CONTROL STRIP TARGET DENSITY DETERMINATION
Gauge Serial Calibration Depth
Model 4640B Number 401 Date 5/18/13 Setting 1.5 in (mm)
TEST SITE DISTANCE OFFSET ENTER GAUGE READING
Site 1 17 ft. 1 ft. 141.1 b/t ( kg/m?)
Site 2 57 ft. 8 ft. 137.4 b/t ( kg/m?)
Site 3 63 ft. 3 ft. 141.9 b/t ( kg/m?)
Site 4 118 ft. 10 ft. 144 .1 b/t ( kg/m?)
Site 5 129 ft. 9 ft 142.8 b/t ( kg/m?)
Site 6 157 ft. 2 ft. 143.8 b/t ( kg/m?)
Site 7 192 ft. 7 ft. 143.0 b/t ( kg/m?)
Site 8 237 ft. 6 ft. 138.0 b/t ( kg/m?)
Site 9 246 ft. 3 ft. 144.1 b/t ( kg/m?)
Site 10 280 ft. 4 ft. 137.9 b/t ( kg/m?)
Total 14141 b/t ( kg/m?)
T Average 141.4 Ib/ft® ( kg/m3)
Numbers selected from the
Random Numbers Table on
Remarks: page 10.

Testing Performed by

Observed by

VDOT Inspector

The density for acceptance of the rest of the project (Test Sections) is measured against this
“Target Density”.
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TL 60 (Rev.3/02)

VIRGINIADEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY WORKSHEET

ROLLER PATTERN/SAWN PLUGS & CONTROL STRIP TARGET DENSITY

Control Strip No. 1
Schedule PM-2D-13 Item No. Date 6/21/13

Route 81 From: 13.76 To: 11.04

Lane Direction: SBL Lane Inside
TNBT, SBL, etc ———(mwde center, etc]

Mix Type SM-9.5D Application Rate: 165 Ibs/yd? ( kg/m?)
Lot No 2 Width of Application 12 Lot Length 5000 ft (m)
Mix Producer Asphalt, Inc. Plant Location Ketchum, VA

NUCLEAR CALIBRATION CHECK Densities transferred from

A B C 5 = r G TL—5§ and sites to be cored
Sawed Weight | Weight Basket Weight SSD Volume SSD Bulk Averagq dre€ circled.
Spec. in Air in Tare in Water Weight E-D Specific SSD SPECTEn TESTSIE
Number (g) Water Weight (g) In Air Gravity Bulk Thickness L Nuclear
(Total g) (g) B-C (g) A+ F Per Site In. (mm) (from TL-58)
1 XXX ¢ 1411 > 1
2 XXX e 2
L 1419 D 3
3 o 144.1 4
— 1428 > 5
4 o 143.8 6
143.0 7
5 XXX 138.0 8
144.1 9
137.9 10
6 o 1414.4 Total
141.4
Average
(Sum of G/3) (Sum of H/10)
Max Specific Gravity (G nm) 2.424
A. Sawed Specimen Average % Density
(avg. SSD Bulk Sp. Gr. /GMM x 100)
B. Minimum Design Density (Table lll — 3 of sec. 315)
*(A must equal or exceed B)
C. Target Nuclear Density
Gauge Serial Calibration Depth
Model 4640B No. 401 Date 5/18/13 Setting 15 In ( mm)
Pay Quantity Ton (Metric Ton)

Lot length x width x application rate/ 18000

Testing Performed by Observed by
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TL 60 (Rev.3/02)

VIRGINIADEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY WORKSHEET

ROLLER PATTERN/SAWN PLUGS & CONTROL STRIP TARGET DENSITY

Control Strip No. 1
Schedule PM-2D-13 Item No. Date 6/21/13
Route 81 From: 13.76 To: 11.04
Lane Direction: SBL Lane Inside
TNBT, SBL, etc —(mwide, center, eic]
Mix Type SM-9.5D Application Rate: 165 Ibs/yd? ( kg/m?)
Lot N 5 Step 1) E - D =Volume Step 2) A +F =SSD Specific Gravity
oNe L 1133.1-630.3=502.8 [——— 1124.4 +502.8 = 2.24
Mix Producer ASPITIT, T, PTaTTC COTAUpn RETCITUNT, VA
Step3) E - D =Volume Step 4) A +F =SSD Specific Gravity
. 1134.8 - 631.8 = 503.0 'A'-'F RATION CHE 1126.0 = 503.0 = 2.24 -
Sawed Weight Weight Basket Weight SSD Volyme SSD Bulk AVETIgE Sawea Target
Spec. in Air in Tare in Water Weight E-D Specific SSD Specimen Test Site
Number (g) Water Weight (g) In Air Gravity Bulk Thickness Nuclear
(Total g) (g) B-C (g) A+F Y Per Site In. (mm) (from TL-58)
1 1124.4 630.3 XXX 630.3 1133.1 \502.8 2.24 15 141.1 1
L/ 2.24 1374 2
2 1126.0 631.8 XXX 631.8 1134.8 503.0 2.24 v 1.5 141.9 3
. i i 144.1 4
3 11 step 5)  Avg. SSD Bulk Specific Gravity per Site 2.24 208 15 1428 5
4 11 224 +2.24=4.48 225 ’ 143.8 6
. ' 1.4 143.0 7
448 +2=2.24 :
. 138.0 8
5 111 Repeat for each site 2.24 15 144.1 9
1123.7 1 1 1131 1.2 2.24 224 1379 10
6 37| 630 XXX 630. 313 | 501 . 15 14144 ol
141.4
AverageA\
(Sum of G/3) Sum Of G/3 10)
Max Specific Gravity (G ) 2.424 2.24+2.25+2.24=6.73
) ) 6.73/3=2.24
D. Sawed Specimen Average % Density 92.4
(avg. SSD Bulk Sp. Gr. /GMM x 100)
E. Minimum Design Density (Table lll — 3 of sec. 315) 92.2
*(A must equal or exceed B)
F. Target Nuclel Avg. SSD Bulk Specific Gravity/Gmm x 100 141.4
Gauge 2.24 +2.424=0.924 X100=92.4 Depth
Model oD T o e saac -/18/13 Setting 1.5 In ( mm)
Pay Quantity Ton (Metric Ton)
Lot length x width x application rate/ 18000
Testing Performed by G.0. Strait Observed by T.F. Baker
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TL 60 (Rev.3/02)

VIRGINIADEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY WORKSHEET

ROLLER PATTERN/SAWN PLUGS & CONTROL STRIP TARGET DENSITY

Control Strip No. 1
Schedule PM-2D-13 Item No. Date 6/21/13

Route 81 From: 13.76 To: 11.04

Lane Direction: SBL Lane Inside
TNBT, SBL, etc ———(mwde center, etc]

Mix Type SM-9.5D Application Rate: 165 Ibs/yd? ( kg/m?)
Lot No 2 Width of Application 12 Lot Length 5000 ft (m)
Mix Producer Asphalt, Inc. Plant Location Ketchum, VA

NUCLEAR CALIBRATION CHECK

A B C D E F G H
Sawed Weight Weight Basket Weight SSD Volume SSD Bulk Average Sawed Target
Spec. in Air in Tare in Water Weight E-D Specific SSD Specimen Test Site
Number (g) Water Weight (g) In Air Gravity Bulk Thickness Nuclear
(Total g) (g) B-C (g) A+ F Per Site In. (mm) (from TL-58)
1 1124.4 630.3 XXX 630.3 11331 502.8 2.24 1.5 141.1 1
2.24
137.4 2
2 1126.0 631.8 XXX 631.8 1134.8 503.0 2.24 15 1419 3
3 1123.1 628.4 XXX 628.4 1130.1 501.7 2.24 15 144.1 4
. 142.8 5
2.25 143.8 6
4 1126.6 629.9 XXX 629.9 1131.7 501.8 2.25 1.4 143.0 7
138.0 8
5 1124.9 629.8 XXX 629.8 1132.7 502.9 2.24 15 1441 )
1123.7 1 1 1131 1.2 2.24 22 1379 10
6 37| 630 XXX 630. 313 | 501 . 15 14144 Toal
141.4
Average_ 224
(Sum of G/3) (Sum of H/10)
Max Specific Gravity (G nm) 2.424
G. Sawed Specimen Average % Density 92.4
(avg. SSD Bulk Sp. Gr. /GMM x 100)
H. Minimum Design Density (Table lll — 3 of sec. 315) 92.2
*(A must equal or exceed B)
|.  Target Nuclear Density 141.4
Gauge Serial Calibration Depth
Model 4640B No. 401 Date 5/18/13 Setting 15 In ( mm)
Pay Quantity Ton (Metric Ton)
Lot length x width x application rate/
18000
Testing Performed by G.0. Strait Observed by T.F. Baker

This control strip is acceptable because the average percent density of the 3 core sites meets the Minimum Design
Density required for Mix Type SM -9.5D as per Table I1I-3
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Test Sections

After the roller pattern has been approved and the target density is set, the rest of the project is
divided up into Test Sections. The density of the test sections is measured to determine the percent of
payment for the asphalt mixture.

The typical size of a lot is 5,000 feet, with a paver width of 6 feet or greater, regardless of thickness.

The tonnage of each lot varies as it is based on width and application rate as shown in the contract or

revised by the Engineer. Density test sites are selected by stratified random sampling.

¢ = Test Location

1000 ft.

1000 ft.

1000 ft.

1000 ft.

1000 ft.

5000 ft

v

Each lot is divided into 5 sublots. The size of the sublot may be 1,000 or 1,500 feet depending on the
expected tonnage to be placed during the operation. Sublots will be 1,000 feet unless approved by the

Engineer to be increased to 1,500 feet. When the sublot size is increased, then the typical lot size will

increase to 7,500 feet. Take two nuclear readings in each sublot for a total of ten readings per lot or

one core/plug in each sublot for a total of 5 cores/plugs.

5,000 Linear Feet 7,500 Linear Feet Sublot
1-1,000 1-1,500 1
1,001 - 2,000 1,501 - 3,000 2
2,001 - 3,000 3,001 - 4,500 3
3,001 - 4,000 4,501 - 6,000 4
4,001 - 5,000 6,001 - 7,500 5

If at the end of a day a partial lot is left and the lot size is 5,000 feet, redefine the lot as follows:
= |f the partial lot is 1-2,000 feet (1 or 2 sublots), add it to the previous lot. This lot will then have 6

or 7 sublots.

= |f the partial lot has 2,001 — 4,500 feet (3 or 4 sublots), make it a lot on its own with 3 or 4

sublots.

If at the end of a day a partial lot is left and the lot size is 7,500 feet, redefine the lot as follows:
= |f the partial lot is 1-3,000 feet (1 or 2 sublots), add it to the previous lot. This lot will then have 6

or 7 sublots.

= |f the partial lot has 3,001 — 6,750 feet (3 or 4 sublots), make it a lot on its own with 3 or 4

sublots.
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Selecting the Random Numbers

To determine test site locations, select ten numbers for nuclear gauges or five numbers for cores/ plugs from
the Random Numbers Table under “Distance from Sublot Start” and the corresponding numbers under
“Paving Width - Distance From Reference Line”. Record these coordinates on the TL-59A form on the next
page.

For this example, the pavement width is 12 feet. The reference line is on the right. The first test site

location will be 16 feet from the start of the control strip and 1 foot from the left of the reference line.

—

12 feet

o

Distance From | Distance Paving Width
Mexpihisy Df from Sublot Distance From Reference Line
Control Strip Start
Control Strip | Test Section | B it width | @ ft width | 107 width | 11 ftwidth | 12f wickh | 13 ft width | 14 2 wickh
17 uﬁ_lq—ﬂ- Test Site 1a location — 7 4
57 [ = TestSite b location ——] 1 1
63 417 —— Test Site 2a location e 3 7 1
118 964 Z Test Site 2b location el 10 ] 8
129 13 p—— Test Site 3a location el 4 2 1
157 Bl -——i=  Test Site 3b location —— 7 9 7
192 60 off— Test Site 4a location e — 7 5 |
7 954 41—3- Test Site 4b location ] 3 4 5
246 716 — Test Site Sa location ——— ] 1 7
280 A7 — Test Site Sb location —_— 4 P =
1000 ft 1000 ft 1000 ft 1000 ft 1000 ft
X lest Sie 3a )
¥ lestsSe 10 lestSie 20 | X 113f-OfLt ;ﬁbfngjﬁ f
437 R-8fLL O964fi-10fLL X -}{ s E
Test Site 3k |est Site 4D 402 ft-4 ftLt K
lest Site 1a x B34f-2fLt 050 fi- 6 f Lt X T
e Test Site 2a X &
” 42ft-3RLL T
X = Test Location 5000 feet

fef-3fLt
Direction of Paver #

Reference Line
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TL-59A (12/08)

Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number: PM-2D-13
Route Number: 81

From (Station, MP, Int., etc.): 13.76
Direction (e.g. NB, SB, etc.) SBL

QC Lot #: 2

Asphalt Mix Type: SM-9.5D

Nuclear Gauge Model Number: 4640B

Nuclear Gauge Serial Number: 401

Control Strip Information:

1. Control Strip Number and Date
. Target Density from Control Strip

2
3. Minimum Density (98% Of Control Strip Target Density)
4

. Maximum Density (102% Of Control Strip Target Density)

QC Testing Results By Nuclear Gauge:

Iltem Number:
County: Mitchell
To (Station, MP, Int., etc.): 11.04
Lane (Inside,Center,Right, etc): Inside
Application Rate (Ibs/sy): 165
Asphalt Job Mix Number: 2041-2013-4
Gauge Calibration Date: 5/18/13
Depth Setting (in/mm): 1.5in.

1 6/21/13

141.4
138.6
144.2

Ibs/ft® (kg/m®)
Ibs/ft> (kg/m?®)
Ibs/ft> (kg/m?®)

Sublot No. Location Nuclear Density Sublot Average Joint Density lbs/ft* (kg/m®)
Distance Offset Ibs/ft® (kg/m®) Ibs/ft® (kg/m®) Left (C or U)* Right (C or U)
1a 16 ft. 1ft It
1b 437 ft. 8 ft. It.
2a 412 ft. 3 ft. It.
2b 964 ft. 10 ft. It.
3a 113 ft. 9 ft. It.
3b 834 ft. 2 ft. It
4a 92 ft. 7 ft. It
4b 959 ft. 6 ft. It.
5a 716 ft. 3 ft. It.
5b 402 ft. 4 ft. It
6a
6b
7a
7b
Average

Selected from the Random Numbers Table

PASS FAIL

* Confined Jt., U = Unconfined Jt

Comments:

QC Technician:

Observed By:

Date:

© VDOT and Platinum Performance Partners, LLC

Chapter 9| page 19



Chapter 9 | Density Testing

Random Number Table

Dhstance From | Distance From Paving Width
Emg;: Sublot Start Distance From Feference Line
Control Strip | TestSection  |p g |9 widh |10 widh | 1 width | 12K widih | 13 width | 14 7L width
4 73 2 2 3 7 10 10 B
33 §53 4 8 7 7 5 3 1
59 533 5 7 5 3 10 ¢ 5
10 583 B 4 2 B 10 5 B
120 351 2 L 7 7 7 1 1
155 715 2 7 3 8 5 7 B
203 T 3 7 B 3 10 8 1
219 1t 1 7 2 B g B 4
254 358 5 2 2 7 2 B 5
262 1 B § 7 B 8 10
17 2 4 3 2 1 2 4
57 B F B 5 B 11 T
B3 5 4 B 2 3 7 1
118 5 3 B B 10 B B
129 3 7 7 10 5 2 1
157 3 F 3 3 2 5 7
182 1 B 5 5 7 : 1
237 3 3 § 4 B ¢ 5
M5 B 8 B 2 3 4 7
260 1 4 2 3 4 8 5y
18 7 7 2 4 2 8 4
59 1 F 5 5 7 2 B
B3 &7 B : 2 3 2 2 12
a3 568 2 4 § 3 5 3 1
120 728 2 B 7 5 4 12 12
151 302 1 3 5 4 4 1 12
182 726 2 3 2 5 B B B
20 242 2 7 3 5 B 5 13
267 172 B 3 1 5 4 B 4
266 82 § 7 4 E 2 5 5
ﬁ
4 40 3 7 2 4 B : B
74 871 5 B B 4 g B 12
11 414 7 5 3 5 B 3 13
144 528 B F 2 B 10 5 B
152 382 3 L 3 3 2 5 7
205 5 5 3 B B 10 B B
229 3as 1 4 2 3 4 8 §
295 LEL] 3 3 B 4 b 4 5
268 ar2 4 1 4 7 5 T 1
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Chapter 9 | Density Testing

After the stratified random density test locations have been determined, the sites will be marked in the
sublot with the nucl'ear gauge template described in VTM —76. The template shall be placed on the mat
and positioned parallel to the roadway with the arrows pointing in the direction of the paver. The
template shall be spray painted with white or other approved paint such that the underlying pavement
is marked with paint through the cutouts in the template. These locations must be clearly visible when
the template is removed. After marking the location with paint the gauge template can be removed. The
nuclear gauge shall then be placed within the area marked by the gauge template with the source
toward the direction of the paver. When cores/plugs are used, one core or plug will be cut from the
pavement within the template area.

Nuclear Gauge Approach - Test the density for each lot by taking readings, using the one-minute mode,
from two random locations within each sublot. The readings for the test section are recorded on Form
TL-59A. Remember, readings shall not be taken within 12 inches of the edge of any application width for
surface or intermediate mixes, nor within 18 inches of the edge of any application width for base mixes.

If two consecutive sublots have density readings less than 98% or more than 102% of the target density,
notify the Engineer and take corrective action. (See next page for acceptance range calculations)

At each test site in the sublot, the longitudinal joints must also be tested for density using a nuclear
density gauge. For surface and intermediate mixes, the gauge must be placed within 4 inches of the
joint. For base mixes, the gauge must be placed within 6 inches of the joint. Never place the gauge on
top of the joint. After each reading, record the density value obtained. If a single longitudinal joint
density reading is less than 95 percent of the target control strip density, the Contractor shall institute
corrective action. The values obtained from the joint readings will not be used in payment calculation.
Cores/Plugs Approach — Test the density for each lot by taking one core/plug per sublot. The readings
for the test section are recorded on Form TL-59B. Remember, readings shall not be taken within 12
inches of the edge of any application width for surface or intermediate mixes, nor within 18 inches of
the edge of any application width for base mixes.

Compare the average of the sublot readings to the “target density from the control strip” to determine
the acceptability of the lot.

If two consecutive sublots have density readings less than 98% or more than 102% of the target density,
notify the Engineer and take corrective action. (See the table on the next page for acceptance)

Compare the average of the sublot readings to the “target density from the control strip” to determine
the acceptability of the lot.

The final pay quantity for density is determined by averaging all the tests contained within each lot.
Then compare this average to the payment guidelines shown in the following chart. A separate pay

factor is determined for each lot.
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Payment Schedule for Lot Densities

Percent of Target Nuclear Control Strip Density Percent of Payment
Greaterthan 102.0 95
98.0t0102.0 100
97.0t097.9 95
96.0t096.9 90
Lessthan 96.0 75

The Contractor shall submit density worksheets and printouts for each test section to the Inspector
upon completion of each day’s testing.

Note: Lines for joint densities have been added to the TL-59. There are concerns about lower

densities obtained in some joint areas. Industry has agreed to take density readings on confined and
unconfined joints.
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TL-59A (12/08)

Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number: _ PM2D-13 ltem Number:
Route Number: 81 County: Mitchell
From (Station, MP, Int., etc.): 13.76 To (Station, MP, Int., elc.) 11.04
Direction (e.g. NB, SB, etc.) SBL Lane (Inside, Center, Right, etc): Inside
QC Lot #: 2 Application Rate (Ibs/sy): 165
Asphalt Mix Type: SM-9.5D Asphalt Job Mix Number: 2041-2013-4
Nuclear Gauge Model Number: 4640B Gauge Calibration Date: 5/18/13
Nuclear Gauge Serial Number: 401 Depth Setting (in/mm): 1.5in

Control Strip Information:

1. Control Strip Number and Date 1 6/21/13
2. Target Density from Control Strip 141.4 Ibs/ft® (kg/m®)
3. Minimum Density (98% Of Control Strip Target Density) 138.6 0.98x 141.4 = 138.6
4. Maximum Density (102% Of Control Strip Target Density) 144.2 1.02x141.4=1442
QC Testing Results By Nuclear Gauge:
Location Nuclear Density  Sublot Avera T T st (kg/m)
. Ibs/ft® (kg/m®) lbs/ft® (kg/m| 141.3+145.2=286.5 , .
Sublot No.  Distance Offset 286.5: 2 = 143.3 Right (C or U)
1a 16 ft 1ft. It 141.3 143.3 1439C
1o 437 ft 8 . It 145.2 e 145.8 C
2a 412 ft 3 ft. It 144.6 142.6 Tt ) 144.8 C
2b 964 ft 10 ft. It. 140.5 142.0+139.4 = 281.4 140.0 C
3a 113 ft 9 ft. It. 142.0 140.7 281.4+2=140.7 141.3C
3b
834 ft 2 ft. It. 139.4 13807 40827881 140.7 C
4a 92 ft 7 ft. It 138.0 139.4 278.8+2=139.4 137.3C
4b 959 ft 6 ft. It. 140.8 1415 C
5a 716 ft 3 . It. 144.2 142.6 14;‘-2 +21.421-°1=42285-2 143.6 C
b 402 ft 4t It. 141.0 85.272=1426 142.6 C
6a
6b N
7a | Total of density readings + 10
7b 1417.0 + 10 = 141.7 ~—

Average: 141.7

Does the QC Test Section: (circle one) FAIL

Comments:

* - C = Confined Jt, U = Unconfined Jt

QC Technician:
Observed By:

Date:
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TL-59A (12/08)

Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number:
Route Number:

From (Station, MP, Int., etc.):
Direction (e.g. NB, SB, etc.)

QC Lot#:
Asphalt Mix Type:
Nuclear Gauge Model Number:

Nuclear Gauge Serial Number:

—_

. Target Density from Control

PM2D-13

81

SBL

2

SM-9.5D

4640B

401

Iltem Number:

County: Mitchell
To (Station,MP,Int., etc.):

Lane (Inside, Center, Right, etc): Inside

ApplicationRate lbs/sy):

Aspli
Gau
Dep

Control Strip Inform

. Control Strip Number and Date

Strip

2
3. Minimum Density (98% Of Control Strip Target Density)
4

. Maximum Density (102% Of Control Strip Target Density)

If a single longitudinal joint density reading is
less than 95 percent of the target control strip
density, the Contractor shall institute
corrective action. These values will not be
used in payment calculation.

141.4
138.6
144.2

QC Testing Results By Nuclear Gauge:

v

‘ 141.4x0.95=134.3

Ibs/ft® (kg/m’)
Ibs/ft® (kg/m®

Location Nuclear Density ~ Sublot Average Joint Density Ibs/ft® (kg/m®)

SublotNo.  Distance Offset Ibs/ft” (kg/m”) Ibs/ft” (ka/m”) § | et (C or U)* Right (C or U)*

1a 16 ft 1 ft. It. 141.3 143.3 144.1C 143.9C

1b 437 ft 8 ft. It. 145.2 144.9 C 145.8 C

2a 412 ft 3 ft. It. 144.6 142.6 143.9C 144.8 C

2b 964 ft 10 ft. It. 140.5 139.8 C 140.0 C

3a 113 ft 9 ft. It. 142.0 140.7 143.1C 141.3C

3b 834 ft 2 ft. It. 139.4 139.7 C 140.7 C

4a 92 ft 7 ft. It. 138.0 139.4 139.2C 137.3C

4b 959 ft 6 ft. It. 140.8 140.3 C 1415C

Sa 716 ft 3 ft. It. 144.2 142.6 143.6 C 143.6 C

Sb 402 ft 41t It. 141.0 141.7C 142.6 C

6a

6b

7a

7b

Average: 141.7

Does the QC Test Section: (circle one) PASS  FAIL * - C = Confined Jt, U = Unconfined Jt

Comments:

QC Technician:

Observed By:

Date:
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TL-59A (12/08)
Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number:  __ PM2D-13 Iltem Number:
Route Number: 81 County: Mitchell
From (Station, MP, Int., etc.): To (Station, MP, Int., el .):
Direction (e.g. NB, SB, etc.) SBL Lane (Inside, Center, Right, etc): Inside
QC Lot #: 2 Application Rate (Ibs/sy): 165
Asphalt Mix Type: SM-9.5D Asphalt Job Mix Number: 2041-2013-4
Nuclear Gauge Model Number: 4640B Gauge Calibration Date: 5/18/13
Nuclear Gauge Serial Number: 401 Depth Setting (in/mm): 1.5in

Control Strip Information:

1. Control Strip Number and Date 1 6/21/13

2. Target Density from Control Strip 141.4 Ibs/ft® (kg/m®)
3. Minimum Density (98% Of Control Strip Target Density) 138.6 Ibs/ft® (kg/m®)
4. Maximum Density (102% Of Control Strip Target Density) 144.2 Ibs/ft® (kg/m®)

QC Testing Results By Nuclear Gauge:
Location Nuclear Density ~ Sublot Average Joint Density Ibs/ft® (kg/ma)
lbs/ft’ (kg/m?) lbs/ft’ (kg/m*)

Sublot No.  Distance Offset Left (C or U)* Right (C or U)*

1a 16 ft 1 ft. It 141.3 143.3 1441 C 143.9C
1b 437 ft 8 ft. It. 145.2 144.9 C 145.8 C

2a 412 ft 3 ft. It 144.6 142.6 143.9 C 144.8 C

2b 964 ft 10 ft. It. 140.5 139.8 C 140.0 C

3a 113 ft 9 ft. It. 142.0 140.7 143.1 C 141.3C
3b 834 ft 2 ft.It. 139.4 139.7C 140.7 C

4a 92 ft 7 ft. It 138.0 139.4 139.2C 137.3C

4b 959 ft 6 ft. It. 140.8 140.3 C 141.5C
dSa 716 ft 3 ft. It 144.2 142.6 143.6 C 143.6 C

Sb 402 ft 4t It. 141.0 141.7C 142.6 C
6a

6b

7a

7b

Average: 141.7
Does the QC Test Section: (circle one) FAIL * - C = Confined Jt, U = Unconfined Jt
Comments:

QC Technician: Date:

Observed By:
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Chapter Nine Knowledge Check

Before a roller pattern is constructed:
a. The number of roller passes should established
b. Three hundred feet must be measured off
c. The roller operator must be Asphalt Field certified
d. A minimum of 500 feet of mix should be placed
A roller pattern compares compactive effort vs. density?
a. True
b. False
To mark the locations for the roller pattern density testing:
a. Marking is not necessary
b. Use the nuclear gauge template and spray paint
c. Place the gauge in position and spray paint around the edges
d. First select numbers from the random number table
Who has the responsibility of furnishing and operating the thin-lift nuclear gauge?
a. VDOT furnishes and operates the gauge.
b. The Contractor furnishes the gauge and it must be operated by an Asphalt Field Certified
Technician
c. The Research Council furnishes the gauge and must be operated by the Engineer.
d. VDOT furnishes the gauge, but it must be operated by the Contractor.
What determines whether the control strip passes?
a. The average of the ten readings in the control strip meets or exceeds the minimum density
requirement
b. The average of 6 plugs/cores meets or exceeds the minimum density requirement
One plug/core meets or exceeds the minimum density requirement
d. The average of the ten readings in the control strip is between 98% and 102% of the job-mix
density
Readings for the ten locations selected in the control strip are to be taken with the thin-lift nuclear
gauge in the:
a. 15second mode
b. 30 second mode
¢. 1 minute mode
d. 2 minute mode
The density value to be entered in the thin lift gauge for the test sections must come from:
a. The average of 10 readings in the control strip
b. The average density of 3 plugs/cores from the control strip
c. 92.5% of maximum theoretical density from the job mix
d. The maximum density obtained in the roller pattern
How should the stratified reading locations be selected to determine the target nuclear control strip
density?

o

a. Daily

b. Visually

c. Professionally
d. Randomly
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TL-56(Rev- 4/05)

Chapter 9 Practice Exercise #1

ASPHALT NUCLEAR DENSITY THIN LIFT
ROLLER PATTERN - WORKSHEET

Control Strip No 1

Project or Schedule  pM-2D-13 Item No. Complete this worksheet and using
— | this information complete the TL-57
Route 81 From 13.7
— on the next page.
Directional Lane SBL = -
(NBL, SBL, etc.) (inside, center, etc.)
Mix Type SM-12.5D Application Rate: 165 Ibsfyd?  ( kg/m?)
Producer Brand X Location Loafers Glory, VA
Roller Type: Roller 1 DD-130 Roller2 DD-110 Roller 3
Roller Pattern Data
Gauge Serial Calibration Depth
Model 4640-B No 1212 Date 7/18/13 Setting 1.5 in. (mm)
Pass No 2V Nuclear Density Pass No Nuclear Density
Site 1 144.6 Site 1 147.8
Site 2 145.8 Site 2 148.0
Site 3 144.9 Site 3 147.3
AVERAGE AVERAGE
Pass No 3V Nuclear Density Pass No Nuclear Density
Site 1 146.5 Site 1
Site 2 147.6 Site 2
Site 3 146.8 Site 3
AVERAGE AVERAGE
Pass No 4 (19) Nuclear Density Pass No Nuclear Density
Site 1 148.4 Site 1
Site 2 149.2 Site 2
Site 3 148.4 Site 3
AVERAGE AVERAGE
Pass No 5(2S) Nuclear Density Pass No Nuclear Density
Site 1 147.9 Site 1
Site 2 148.5 Site 2
Site 3 147.8 Site 3
AVERAGE AVERAGE
Testing Performed by Observed by

VDOT Inspector
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Chapter 9 Practice Exercise #1 (continued)

TL-57
ASPHALT NUCLEAR DENSITY THIN LIFT
ROLLER PATTERN -GRAPH

Control Strip No

1

Project or Schedule PM-2D-13 Item No Date 9/15/13
Route 81 From 13.76 To 11.04
Directional Lane SBL Lane Inside
(NBL, SBL, etc) (Inside, Center, etc.)
Mix Type SM-12.5D Application Rate 165 Ibs/yd? ( kg/m?)
Producer Brand X Location Loafers Glory, VA
Gauge Serial Calibration Depth 1
Model 4640B No 1212 Date 7/18/13 Setting 5 in. (mm)
Densit)é
Ibs/ft
NUMBER OF ROLLER PASSES
Optimum Density lbs/ft®  (kg/m?)
(from peak of roller pattern curve)
Optimum Number of Passes:
Number of Roller Passes Roller 1 vV Roller2 s Roller 3

Testing Performed By

Observed By

Why did you select this point for optimum density?

VDOT Inspector
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Chapter 9 Practice Exercise #1 (continued)

Using the random number table below, determine the test site locations for the Control Strip shown
on the next page. The lane width is 11 ft. It is an inside lane. The reference line is on the right.

Complete the TL-58 worksheet on the following page.

Distance Distance Paving Width
From From
Beginning Sublot
of Control Start
Strip Test Distance From Reference Line
Section 8ft. width 9ft. width | 10ft. width | 11ft. width | 12ft. width | 13ft. width | 14ft. width
23 12 2 4 5 2 1 2 4
44 429 6 4 8 9 8 11 11
81 358 5 4 8 2 3 7 11
141 812 5 3 8 6 10 6 8
149 105 3 7 7 10 9 2 11
176 620 3 4 3 3 2 9 7
187 167 1 6 5 9 7 5 1
213 589 3 3 6 4 6 4 5
239 726 6 8 8 2 3 4 7
275 412 1 4 2 3 4 8 9
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Chapter 9 Practice Exercise # 1 (Continued)

TL-58 (Rev. 4/05)

VIRGINIA DEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY THIN LIFT WORKSHEET
CONTROL STRIP TARGET DENSITY

Control Strip Number 1
Project or Schedule PM -2D-13 Iltem Number Date 9/15/13
Route 81 From 13.76 To 11.04
Directional Lane SBL Lane Inside
(NBL, SBL, etc) ~(nside, Center, etc.)
Mix Type SM-12.5D Application Rate 165 Ibs/yd? ( kg/m?)
Producer BrandX Location Loafers Glory, VA

CONTROL STRIP TARGET DENSITY DETERMINATION

Gauge Serial Calibration Depth

Model 4640B Number 1212 Date 7/18/13 Setting 1.5 in (mm)

TEST SITE DISTANCE OFESET ENTER GAUGE READING
Site 1 148.3 b/t ( kg/m?3)
Site 2 147.2 Ib/ft® ( kg/m3)
Site 3 148.1 Ib/ftd ( kg/m?)
Site 4 149.2 lb/ft® ( kg/m?)
Site 5 150.2 lb/ft® ( kg/m?)
Site 6 148.7 lb/ft® ( kg/m?)
Site 7 147.5 lb/ft® ( kg/m?)
Site 8 149.4 lb/ft? ( kg/m?)
Site 9 147.4 lb/ft? ( kg/m?)
Site 10 147.6 Ib/ft® ( kg/m?)
Total Ib/ft® ( kg/m?)
Average Ib/ft® ( kg/m?)

Remarks

Reference line is on the right

Testing Performed by %44e Gline Observed by s .F. Miles

VDOT Inspector
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TL-60 (REV. 04/05) (kg/m?3)
VIRGINIA DEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY WORKSHEET
ROLLER PATTERN/SAWN PLUGS & CONTROL STRIP TARGET DENSITY

Control Strip No 1

Schedule PM-2D-13 Item No Date 9/15/13

Route 81 From 13.] Complete this worksheet. Circle the 3 sites you
Lane Direction  SBL would core. Is this Control Strip acceptable?
(NBL, SBL, eto) Why or why not?
Mix Type SM-12.5D Application Rate 165 Ibs/yd? (kg/m?)
Lot No 2 Width of Application 11 Lot Length 5000 ft (m)
Mix Producer Brand X Plant Location  Loafers Glory, VA
NUCLEAR CALIBRATION CHECK
A B c D E F G H
Sawed | Weight Weight Basket Weight SSD SSD Bulk | Average Sawed Target
Spec. in Air in Tare | inwater | Weight | Volume | specific SsD Specimen Test Site
Number (9) Water Weight (9) In Air E-D Gravity Bulk Thickness Nuclear
(Total g) (9) i (9) A+ F Per Site In. (mm) (from TL-58)
1 12152 | 729.6 XXX 729.6 1223.8 1.5 148.3 1
147.2 2
2 1218.0 | 732.1 XXX 732.1 1226.7 1.5
148.1 3
149.2 4
3 1222.5 | 733.9 XXX 733.9 1231.1 1.5
150.2 5
148.7 6
4 1218.8 | 728.2 XXX 728.2 1228.3 1.5
147.5 7
149.4 8
5 1209.7 | 728.0 XXX 728.0 1222.2 1.5
147.4 9
147.6 10
6 1214.3 | 7291 XXX 729.1 1224.8 1.5
Average
(Sum of G/3) (Sum of H/10)
Max Specific Gravity (Gmm) 2.644
A Sawed Specimen Average % Density %
(avg. SSD Bulk Sp. Gr. /Gmm)
B Minimum Design Density (Table IIl - 3 of sec. 315) %
*(A must equal or exceed B)
C Target Nuclear Density Ib/ft?
(Average from H)
Gauge Serial Calibration Depth
Model 4640B Number 1212 Date 7/18/13 Setting 1.5 in ( mm)
Testing Performed by ;e Gine Observedby  S.F. Miles
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Chapter 9 Practice Exercise #1 (Continued)

Using the random number table below, determine the test site locations for the test section shown on
the next page. The lane width is 11ft. It is an inside lane. The reference line is on the right.

Complete the TI-59A on the next page.

Distance Distance Paving Width
From From
Beginning Sublot
m-&____l_—_
Strip Test Distance From Reference Line
Section 8ft. width 9ft. width | 10ft. width | 11ft. width | 12ft. width | 13ft. width | 14ft. width
23 12 2 4 5 2 1 2 4
a4 429 6 4 8 9 8 11 11
81 358 5 4 8 2 3 7 11
141 812 5 3 8 6 10 6 8
149 105 3 7 7 10 9 2 11
176 620 3 4 3 3 2 9 7
187 167 1 6 5 9 7 5 1
213 589 3 3 6 4 6 4 5
239 726 6 8 8 2 3 4 7
275 412 1 4 2 3 4 8 9
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Chapter 9 Practice Exercise #1 (continued)
TL-59A (12/08)

Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number: PD-2D-13 ltem Number:

Route Number: 81 County: Mitchell
From (Station, MP, Int., etc.): 13.76 To (Station, MP, Int., etc.): 11.04
Direction (e.g. NB, SB, etc.) SBL Lane (Inside, Center, Right, etc): Inside

QC Lot #: 2 Application Rate (Ibs/sy): 165

Asphalt Mix Type: SM-12.5D Asphalt Job Mix Number: 2041-2013-4
Nuclear Gauge Model Number: 46408 Gauge Calibration Date: 7/18/2013
Nuclear Gauge Serial Number: 1212 Depth Setting (in/mm): 1.5

Control Strip Information:

1. Control Strip Number and Date 1

2. Target Density from Control Strip Ibs/ft® (kg/ma)
3. Minimum Density (98% Of Control Strip Target Density) Ibs/ft® (kg/ma)
4. Maximum Density (102% Of Control Strip Target Density) Ibs/ft® (kg/ma)

QC Testing Results By Nuclear Gauge:

Location Nuclear Sublot Joint Density Ibs/ft® (kg/m®)
Sublot No. Distance Offset Density Average Left (C or U)* Right (C or U)*
Ibs/ft® (kg/m*)  Ibs/ft® (kg/m®)
1a 148.2 147.8C 144.6 U
1b 148.7 147.0C 145.8 U
2a 150.1 1489C 146.8 U
2b 147.3 146.8 C 145.7 U
3a 149.9 148.1C 146.3 U
3b 149.5 147.3C 144.2 U
4a 147.5 145.7C 143.8 U
4b 148.3 146.1C 144.5U
5a 148.4 1476 C 146.6 U
5b 147.7 146.0 C 145.1 U
6a
6b
7a
7b
Average:
Does the QC Test Section: (circle one) PASS FAIL * - C = Confined Jt, U = Unconfined Jt
Comments:

Does this Test Section pass? Why or why not? Are the joint densities acceptable?
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Chapter 9 Practice Exercise #2

TL-56(Rev- 4/05)
ASPHALT NUCLEAR DENSITY THIN LIFT
ROLLER PATTERN - WORKSHEET

Control StripNo 1

Complete this worksheet and using
this information complete the TL-57

Project or Schedule  ppm-2D-13 Item No. on the next page.
Route 81 From 8.23 To 17.25
Directional Lane NBL Lane _Inside
(NBL, SBL, etc.) (inside, center, etc.)
Mix Type SM-12.5D Application Rate: 165 Ibsfyd®  ( kg/m?)
Producer Asphalt Inc. Location _ Blacktop, VA
Roller Type: Roller 1 DD-130 Roller2 DD-110 Roller 3
Roller Pattern Data
Gauge Serial Calibration Depth
Model 4640-B No 1212 Date 5/18/13 Setting 1.5 in. (mm)
Pass No 3V Nuclear Density Pass No Nuclear Density
Site 1 149.0 Site 1 151.1
Site 2 145.1 Site 2 148.8
Site 3 146.9 Site 3 150.9
AVERAGE AVERAGE
Pass No 4v Nuclear Density Pass No Nuclear Density
Site 1 145.4 Site 1
Site 2 150.2 Site 2
Site 3 154.3 Site 3
AVERAGE AVERAGE
Pass No 5(19) Nuclear Density Pass No Nuclear Density
Site 1 153.0 Site 1
Site 2 150.2 Site 2
Site 3 154.3 Site 3
AVERAGE AVERAGE
Pass No 6(2S) Nuclear Density Pass No Nuclear Density
Site 1 152.1 Site 1
Site 2 150.6 Site 2
Site 3 151.7 Site 3
AVERAGE AVERAGE

Testing Performed by

Observed by

VDOT Inspector
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Chapter 9 Practice Exercise #2 (continued)

TL-57

ASPHALT NUCLEAR DENSITY THIN LIFT
ROLLER PATTERN -GRAPH

Control Strip No
Iltem No

1

Project or Schedule PM-2D-13 Date 6/21/13
Route 81 From 8.23 To 17.25
Directional Lane NBL Lane Inside
(NBL, SBL, etc) (Inside, Center, etc.)
Mix Type SM-12.5D Application Rate 165 Ibs/yd? ( kg/m2)
Producer Asphalt Inc Location Blacktop, VA
Gauge Serial Calibration Depth 1
Model 4640B No 1212 Date 5/18/13 Setting S5 in. (mm)
NUMBER OF ROLLER PASSES
Optimum Density Ibs/ft®  (kg/m?)
(from peak of roller pattern curve)

Optimum Number of Passes:

Number of Roller Passes Roller 1 V. Roller2 s Roller 3

Testing Performed By Observed By

Why did you select this point for optimum density?

VDOT Inspector
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Using the random number table below, determine the test site locations for the Control Strip shown

on the next page. The lane width is 12 ft. It is an inside lane. The reference line is on the right.

Distance Distance Paving Width
From From
Beginning Sublot
of Control Start
Strip Test Distance From Reference Line
Section 8ft. width 9ft. width | 10ft. width | 11ft. width | 12ft. width | 13ft. width | 14ft. width
8 81 7 7 2 4 3 8 4
43 142 1 4 5 5 4 2 6
81 67 6 5 2 3 2 2 12
99 569 2 4 6 3 6 3 1
111 728 2 6 7 5 3 12 12
172 902 1 3 5 4 2 1 12
192 726 2 3 2 5 8 5 6
210 242 2 7 3 9 6 5 13
243 172 6 3 1 5 3 6 4
278 82 6 7 4 9 2 9 5
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TL-58 (Rev. 4/05)

Chapter 9 Practice Exercise # 2 (Continued)

VIRGINIA DEPARTMENT OF TRANSPORTATION

ASPHALT NUCLEAR DENSITY THIN LIFT WORKSHEET
CONTROL STRIP TARGET DENSITY

Control Strip Number 1
Project or Schedule PM -2D-13 Item Number Date 6/21/13
Route 81 From 8.23 To 17.25
Directional Lane NBL Lane
(NBL, SBL, etc) (Tnside, Center, efc.
Mix Type SM-12.5D Application Rate 165 Ibs/yd® ( kg/m?)
Producer Asphalt Inc Location Blacktop, VA
CONTROL STRIP TARGET DENSITY DETERMINATION
Gauge Serial Calibration Depth
Model 4640B Number 1212 Date 5/18/13 Setting 1.5 in (mm)
TEST SITE DISTANCE OFESET ENTER GAUGE READING
Site 1 152.4 Ib/fts ( kg/m?)
Site 2 151.3 Ib/fts ( kg/m?)
Site 3 151.9 Ib/fts ( kg/m?)
Site 4 151.1 b/t ( kg/m?)
Site 5 150.2 Ib/fte ( kg/m?)
Site 6 151.9 Ib/fte ( kg/m?)
Site 7 152.0 Ib/fte ( kg/m?)
Site 8 1541 b/t ( kg/m?)
Site 9 152.7 b/t ( kg/m?)
Site 10 150.8 Ib/fts ( kg/m?)
Total Ib/ft® ( kg/m3)
Average Ib/ft® ( kg/m3)
Remarks
Testing Performed by Observed by

VDOT Inspector
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TL-60 (REV. 04/05)

Chapter 9 Practice Exercise # 2 (Continued)

VIRGINIA DEPARTMENT OF TRANSPORTATION
ASPHALT NUCLEAR DENSITY WORKSHEET

Control Strip No 1

ROLLER PATTERN/SAWN PLUGS & CONTROL STRIP TARGET DENSITY

Complete this worksheet. Circle the 3 sites you

Schedule PM-2D-13 Item No q .
—— 1 would core. Is this Control Strip acceptable?
Route 81 From 8.23 Why or why not?
Lane
Direction NBL Lane Inside
(NBL, SBL, etc) (Inside, Center, etc.)
Mix Type SM-12.5D Application Rate 165 Ibs/yd? (kg/m?)
Lot No 2 Width of Application 12 Lot Length 5000 ft (m)
Mix Producer  Asphalt Inc Plant Blacktop, VA
Location
NUCLEAR CALIBRATION CHECK
A B c D E F G H
Sawed | Weight Weight Basket | weight SSD SSD Average Sawed Target
Spec. | inAir in Tare | inwater | Weight | Volume Bulk SSD | Specimen Test Site
Number (@) Water Weight (@) In Air E-D Specific Bulk Thickness Nuclear
(Total g) (9) B-C (9) Gravity Per Site In. (mm) (from TL-58)
A+ F
1 11342 | 6748 | X 6748 | 1137.9 1.5 !
) ) ) ) 152.4
5 1 151.3 2
1043 1 g3 | XX 656.3 | 1106.7 N 1519 | 3
3 1226.1 734.8 1227.8 15 1511 4
' ' o 734.8 ' ' 1502 | 5
151.9 6
4 1266.3 760.3 XXX 760.3 1267.9 1.5
152.0 7
154.1 8
5 1387.1 828.1 XXX 828.1 1389.8 1.5
152.7 9
150.8 10
6 1590.4 948.8 XXX 948.8 1594.0 15
Average
(Sum of G/3) (Sum of H/10)
Max Specific Gravity (Gmm) 2.653
A Sawed Specimen Average % Density %
(avg. SSD Bulk Sp. Gr. /Gmm)
B Minimum Design Density (Table IIl - 3 of sec. 315) %
*(A must equal or exceed B)
C Target Nuclear Density Ib/ft?
(Average from H)
Gauge Serial Calibration
Model 4640B Number 1212 Date 5/18/13 Depth Setting 1.5 in ( m)

Testing Performed by

Observed by
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Using the random number table below, determine the test site locations for the Control Strip
shown on the next page. The lane width is 12 ft. It is an inside lane. The reference line is on the

right.
Distance Distance Paving Width
From From
Beginning Sublot
of Control Start
Strip Test Distance From Reference Line
Section 8ft. width 9ft. width | 10ft. width | 11ft. width | 12ft. width | 13ft. width | 14ft. width
8 81 7 7 2 4 3 8 4
43 142 1 4 5 5 4 2 6
81 67 6 5 2 3 2 2 12
99 569 2 4 6 3 6 3 1
111 728 2 6 7 5 3 12 12
172 902 1 3 5 4 2 1 12
192 726 2 3 2 5 8 5 6
210 242 2 7 3 9 6 5 13
243 172 6 3 1 5 3 6 4
278 82 6 7 4 9 2 9 5
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Chapter 9 Practice Exercise #2 (continued)
TL-59A (12/08)

Asphalt Concrete Density Quality Control (QC) Test Report - Nuclear

Project/Schedule Number: PD-2D-13 Item Number:

Route Number: 81 County: Mitchell
From (Station, MP, Int., etc.): 8.23 To (Station, MP, Int., etc.): 17.25
Direction (e.g. NB, SB, etc.) NBL Lane (Inside, Center, Right, etc): _Inside

QC Lot #: 2 Application Rate (Ibs/sy): 165

Asphalt Mix Type: SM-12.5D Asphalt Job Mix Number: 2041-2013-4
Nuclear Gauge Model Number: 4640B Gauge Calibration Date: 5/18/2013
Nuclear Gauge Serial Number: 1212 Depth Setting (in/mm): 1.5

Control Strip Information:

1. Control Strip Number and Date 1

2. Target Density from Control Strip Ibs/ft® (kg/m®)

3. Minimum Density (98% Of Control Strip Target Density) Ibs/ft® (kg/m®)

4. Maximum Density (102% Of Control Strip Target Density) Ibs/ft® (kg/m®)

QC Testing Results By Nuclear Gauge:

Location Nuclear Sublot Joint Density Ibs/ft® (kg/m®)
SublotNo.  Distance Offset Density Average Left (C or U)* Right (C or U)*
Ibs/ft® (kg/m®)  Ibs/ft® (kg/m®)
1a 150.6 1514 C 152.1 C
1b 151.2 151.8C 1509 C
2a 152.5 153.6 C 153.3C
2b 1531 1528 C 151.8C
3a 153.8 153.8C 153.1C
3b 152.4 153.1C 154.1 C
4a 155.7 155.7C 1549 C
4b 156.5 156.9 C 155.8 C
5a 154.4 154.2C 153.7C
5b 153.9 152.7C 151.8C
6a
6b
7a
7b
Average:
Does the QC Test Section: (circle one) PASS FAIL * - C = Confined Jt, U = Unconfined Jt
Comments:

Does this Test Section pass? Why or why not? Are the joint densities acceptable?
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