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Abstract

The Virginia Department of Transportation (VDOT) currently uses the results of automated surface distress surveys to
assist in developing pavement maintenance strategies for its interstate and primary roadways. Totaling nearly 27,000 lane-
miles, these roadways consist of flexible, rigid, and composite (flexible over rigid) pavements. These video-based surface
distress data consist of quantities of distress that is visible in the pavement surface; however, no information regarding the actual
structural capacity of the pavement system on a network level is currently available.

This study describes the processes and presents the results of a network-level survey conducted on Virginia’s interstate
system using the falling weight deflectometer (FWD). The data obtained from this study can be used by pavement engineers to
determine the structural capacity of the interstate network and to develop condition forecasting tools to assist with determining
future structural conditions. Similar network surveys have been performed by the Kansas, Texas, New Jersey, Indiana, and
Oklahoma departments of transportation.

Although it is not yet possible to assign a monetary benefit to the results of this study as these data were not previously
available, their benefits to VDOT’s Asset Management Division are expected to be great. The use of these data can result in
more cost-effective decisions regarding pavement rehabilitation. In a study comparing pavement rehabilitation designs based on
visually observable distresses versus pavement rehabilitation designs based on structural capacity using the FWD for sections of
interstate pavement in New Jersey, the authors estimated that only 27% of the designs based on visually observable distresses
agreed with those based on structural data; 41% of the rehabilitation treatments were underdesigned, and 32% were
overdesigned.

The current study recommends that VDOT continue network-level structural evaluation of the interstate system using the
FWD and perform similar testing on the primary network.




Table A.11.

Homogeneous Pavement Sections: 1-95 Northbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
40 0.00 13.20 BOJ 14.0 9.0
40 13.40 17.14 BOC 6.5 8.0
91 0.00 5.00 BOC 6.5 8.0
91 5.20 17.60 BIT 10.0 14.0
74 0.00 8.60 BIT 15.0 14.0
74 8.80 16.74 BIT 15.0 14.0
26 0.00 1.47 BIT 10.5 12.0
20 0.00 5.20 BIT 12,5 10.0
20 5.40 6.80 BIT 13.5 10.0
20 7.00 20.57 BIT 11.5 12.0
43 1.71 2.60 BIT 9.5 12.0
43 2.80 6.00 BIT 9.5 12.0
43 6.40 7.60 BIT 9.5 12.0
43 7.80 11.40 BOJ 7.0 8.0
43 11.60 11.80 JPC 8.0 8.0
43 12.00 12.77 BIT 10.5 12.0
42 0.00 5.60 BOJ 7.0 8.0
42 5.80 14.68 BIT 19.5 12.0
16 0.00 6.80 BIT 10.0 12.0
16 7.00 15.54 BOJ 45 9.0
88 0.00 3.40 BOJ 3.5 9.0
88 3.60 15.57 BOJ 7.0 9.0
89 0.00 1.20 BOJ 45 9.0
89 1.40 1.80 BOJ 10.0 9.0
89 2.00 4.40 BOJ 4.0 9.0
89 4.80 6.40 BOJ 3.0 9.0
89 6.60 13.00 BOJ 7.0 9.0
89 13.20 15.58 BOJ 5.5 9.0
76 0.00 7.40 BOJ 3.5 9.0
76 7.80 9.20 BIT 10.0 12.0
76 9.40 13.00 BOJ 5.0 9.0
29 0.20 6.20 BOJ 5.0 9.0
29 9.80 14.40 BOJ 45 9.0
29 14.60 16.58 BIT 17.0 12.0

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
BOC: a composite with flexible pavement over continuously reinforced concrete pavement; JPC: jointed plain
concrete pavement. Bold and shaded values indicate the pavement structure was estimated.
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Table A.12.

Homogeneous Pavement Sections: 1-95 Southbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
40 -0.01 7.20 BOJ 15.0 9.0
40 7.40 13.20 BOJ 115 9.0
40 13.40 17.14 BOC 6.5 8.0
91 0.00 4.80 BOC 6.5 8.0
91 5.00 17.60 BIT 10.5 14.0
74 0.01 3.40 BIT 15.5 14.0
74 3.60 6.00 BIT 15,5 14.0
74 6.20 16.75 BIT 15.5 14.0
26 0.00 1.55 BIT 10.5 12.0
20 0.05 1.20 BIT 12.5 12.0
20 141 20.69 BIT 10.0 11.0
43 1.20 7.40 BIT 9.5 11.0
43 7.81 11.80 BOJ 7.0 8.0
43 12.20 12.40 BIT 7.0 8.0
43 12.40 12.74 BOJ 7.0 8.0
42 -0.01 5.80 BOJ 7.0 8.0
42 6.00 14.76 BIT 18.0 12.0
16 1.00 5.80 BIT 10.0 12.0
16 6.00 7.00 BIT 14,5 13.0
16 7.20 15.74 BOJ 4.0 9.0
88 0.00 4.20 BOJ 45 9.0
88 4.40 14.20 BOJ 6.5 9.0
88 14.40 15.61 BOJ 3.5 9.0
89 0.00 3.80 BOJ 45 9.0
89 4.00 9.80 BOJ 8.0 9.0
89 10.00 12.80 BOJ 10.0 9.0
89 13.00 15.54 BOJ 8.0 9.0
76 0.00 9.00 BOJ 45 9.0
76 9.20 9.40 BOJ 7.0 9.0
76 10.00 13.18 BOJ 4.0 9.0
29 0.14 1.90 BOJ 4.0 9.0
29 2.10 6.30 BOJ 7.0 9.0
29 10.00 14.80 BOJ 4.0 9.0
29 15.00 16.54 BIT 17.0 12.0

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
BOC: a composite with flexible pavement over continuously reinforced concrete pavement. Bold and shaded values
indicate the pavement structure was estimated.
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Table A.13. Homogeneous Pavement Sections: 1-264 Eastbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 0.00 1.00 BIT 12.5 12.5
64 1.20 6.05 BIT 11.0 12.0
64 8.60 11.00 JRC 9.0 6.0
64 11.40 12.80 BIT 11.0 12.0
75 13.00 14.78 BOJ 5.0 9.0
75 15.00 25.00 JRC 9.0 6.0

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
JRC: jointed reinforced concrete pavement. Bold and shaded values indicate the pavement structure was estimated.

Table A.14. Homogeneous Pavement Sections: 1-264 Westbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 0.00 1.00 BIT 13.0 12.0
64 1.20 2.20 BIT 11.0 12.0
64 2.40 6.20 BIT 12.5 12.0
64 9.00 11.00 JRC 9.0 6.0
64 11.60 13.00 BIT 12.0 12.0
75 13.20 14.20 BOJ 4.0 9.0
75 14.40 14.99 BOJ 6.0 9.0
75 15.20 25.21 JRC 9.0 6.0

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
JRC: jointed reinforced concrete pavement. Bold and shaded values indicate the pavement structure was estimated.

Table A.15. Homogeneous Pavement Sections: 1-295 Eastbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
43 1.35 4.00 CRC 8.0 8.0
43 4.20 6.60 BOC 35 8.0
43 6.80 10.20 CRC 8.0 6.0
43 10.40 12.80 BOC 35 8.0
43 13.00 16.20 CRC 8.0 6.0
43 16.40 20.80 BOC 35 8.0
42 0.00 1.00 BOC 35 8.0
42 1.20 2.00 BOC 15 8.0
42 2.20 13.70 CRC 8.0 6.0
20 0.60 9.00 CRC 9.0 8.0
20 9.20 17.20 CRC 8.0 6.0

BOC: a composite with flexible pavement over continuously reinforced concrete pavement; CRC: continuously
reinforced concrete pavement.
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Table A.16.

Homogeneous Pavement Sections: 1-295 Westbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
43 1.00 16.40 CRC 8.0 6.0
43 16.60 20.83 BOC 3.5 8.0
42 0.30 3.00 BOC 3.5 8.0
42 3.20 4.00 CRC 8.0 6.0
42 4.20 13.84 CRC 9.0 8.0
20 0.60 3.00 CRC 9.0 8.0
20 3.20 4.60 BOC 3.5 9.0
20 5.20 10.40 CRC 9.0 8.0
20 10.60 17.18 CRC 8.0 6.0

BOC: a composite with flexible pavement over continuously reinforced concrete pavement; CRC: continuously
reinforced concrete pavement.

Table A.17. Homogeneous Pavement Sections: 1-381 Northbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
95 0.00 1.10 BIT 10.5 10.0
BIT: flexible pavement (bituminous).
Table A.18. Homogeneous Pavement Sections: 1-381 Southbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
95 0.03 1.67 BIT 10.5 10.0

BIT: flexible pavement (bituminous). Bold and shaded values indicate the pavement structure was estimated.

Table A.19. Homogeneous Pavement Sections: 1-395 Northbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
29 0.00 5.54 BOJ 4.2 8.0
0 0.00 4.40 BOJ 35 8.0
BOJ: a composite with flexible pavement over jointed concrete pavement.
Table A.20. Homogeneous Pavement Sections: 1-395 Southbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
29 0.00 5.50 BOJ 4.6 8.0
0 0.00 4.40 BOJ 3.9 8.0
BOJ: a composite with flexible pavement over jointed concrete pavement.
Table A.21. Homogeneous Pavement Sections: 1-464 Northbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 0.00 0.80 JRC 8.0 6.0
64 0.98 5.60 BIT 9.5 12.0

BIT: flexible pavement (bituminous); JRC: jointed reinforced concrete pavement. Bold and shaded values indicate
the pavement structure was estimated.
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Table A.22. Homogeneous Pavement Sections: 1-464 Southbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 0.03 0.80 JRC 8.0 6.0
64 1.00 5.83 BIT 9.5 12.0

BIT: flexible pavement (bituminous); JRC: jointed reinforced concrete pavement. Bold and shaded values indicate

the pavement structure was estimated.

Table A.23. Homogeneous Pavement Sections: 1-495 Northbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
29 0.00 4.60 BOJ 5.6 9.0
29 4.80 13.60 BOJ 4.0 9.0
BOJ: a composite with flexible pavement over jointed concrete pavement.
Table A.24. Homogeneous Pavement Sections: 1-495 Southbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
29 0.00 4.52 BOJ 5.6 9.0
29 4.72 11.52 BOJ 4.0 9.0
29 11.72 14.32 BOJ 5.4 9.0
BOJ: a composite with flexible pavement over jointed concrete pavement.
Table A.25. Homogeneous Pavement Sections: 1-564 Northbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 0.00 1.20 BOJ 3.0 8.0
64 1.40 2.79 CRC 9.0 6.0
BOJ: a composite with flexible pavement over jointed concrete pavement; CRC: continuously reinforced concrete
pavement.
Table A.26. Homogeneous Pavement Sections: 1-564 Southbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
64 -0.20 0.40 BOJ 35 8.0
64 0.60 2.64 CRC 9.0 6.0
BOJ: a composite with flexible pavement over jointed concrete pavement; CRC: continuously reinforced concrete
pavement.
Table A.27. Homogeneous Pavement Sections: 1-581 Northbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
80 0.00 6.34 BIT 115 15.0

BIT: flexible pavement (bituminous). Bold and shaded values indicate the pavement structure was estimated.

Table A.28. Homogeneous Pavement Sections: 1-581 Southbound

Jurisdiction Begin County End County Pavement Layer 1 Layer 2
Milepost Milepost Type thickness, in thickness, in
80 0.00 6.28 BIT 115 15

BIT: flexible pavement (bituminous). Bold and shaded values indicate the pavement structure was estimated.
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Table A.29. Homogeneous Pavement Sections: 1-664 Eastbound
Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
99 0.57 0.80 BOJ 6.0 9.0
99 1.00 3.80 CRC 9.0 6.0
99 4.10 5.00 BIT 11.0 12.0
61 10.80 14.20 CRC 9.0 6.0
64 14.40 18.00 CRC 9.0 6.0
64 18.20 19.64 BIT 10.0 12.0
64 19.80 20.57 BIT 8.0 12.0

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
CRC: continuously reinforced concrete pavement.

Table A.30. Homogeneous Pavement Sections: 1-664 Westbound

Begin County End County Pavement Layer 1 Layer 2
Jurisdiction Milepost Milepost Type thickness, in thickness, in
99 0.60 1.00 BOJ 35 9.0
99 1.20 4.36 CRC 8.5 6.0
99 4.60 5.30 BIT 10.5 12.0
61 11.01 14.20 CRC 9.0 6.0
64 14.40 18.20 CRC 9.0 6.0
64 18.40 19.00 BIT 10.5 12

BIT: flexible pavement (bituminous); BOJ: a composite with flexible pavement over jointed concrete pavement;
CRC: continuously reinforced concrete pavement.
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APPENDIX B

ModTag ANALYSIS PROCEDURE
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Click on the “New Project” icon.
1. Enter the “New Database” name as the following:
a. I166EB3 = Interstate 66, Eastbound direction, 3" county
b. Click on “Create Database.”
2. Click on the “Import” icon.
Locate the directory with the appropriate 25 file (verify that the correct file is selected).
Give the same project name as used for the database name (e.g., IG6EB3).
Click the “Process” button.
Verify the load settings:
i. Each FWD test should have 6 drops (2 each at 9, 12, and 16,000 Ib).
e. Click the “Process” button.
f. Click the “Exit” button after viewing the error messages and “OK”ing them.
3. Click on the “Edit” dropdown menu and select “FWD Deflection Data.”
a. Click on “Export to Excel.”
b. Save file in Excel using the following as an example for the filename
i. “I66EB3 defl” = deflection file for Interstate 66, Eastbound direction, 3rd county
c. Close the FWD Data window in ModTag.
4. Click on the “Edit” dropdown menu again and select “Project Group Info.”
a. If the 25 file has multiple homogeneous segments, continue; if not, go to step 5b.
i. Click on “Segment Project.”
ii. Choose the “start” and “end” locations for each segment and label each segment
beginning with the letter “B” and continue for each segment, selecting the “Create
Segment” after each one. Be sure that the end of one segment and the start of the
next segment have adjacent milepost values and not the same milepost value.
When finished, select “Exit.”
iii. Select “Segment Map” to verify that the desired number of segments have been
created.
b. Enter the pavement layer information for each homogeneous segment. Enter the
structure as a generic three-layer system composed of the following:
I. For “Flexible” pavements:
1. Choose the “Surface” layer as “Asphalt Concrete.”
2. Choose the “Base” layer as “Graded Aggregate Base” or “Cement Treated
Aggregate” (if CTA is present in the Excel Segmentation File).
3. The “Sub Grd3” layer is filled in as “Unbound Layer” automatically
ii. For “Composite” pavements
1. The “Surf”ace layer and “Base” layer are filled in automatically.
2. The “Sub Grd3” layer is filled in as “Unbound Layer” automatically.
3. Enter the slab width as 12.0 feet and the slab length as 6.0 feet for CRC
pavements or 15.0 feet for jointed concrete pavements.
iii. For “Jointed/CRC” pavements:
1. The “Surface” layer is filled in automatically.
2. Choose the “Base” layer as “Graded Aggregate Base” or “Cement Treated
Aggregate” (if CTA is present in the Excel Segmentation File).
The “Sub Grd3” layer is filled in as “Unbound Layer” automatically.
Enter the slab width as 12.0 feet and the slab length as 6.0 feet for CRC
pavements or 15.0 feet for jointed concrete pavements.

oo
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c. Enter the “thickness” for the upper two layers (from the Excel Segmentation file) leaving
the other information as the default values.

d. Select the “Compute HB Depth” button, and then press the button labeled “Exit.” This
will enter the thickness of the subgrade layer.

e. Select the “Close” button.

5. Click on the “Analysis” dropdown menu:

a. For “Flexible” pavements, select “Effective Structural Number.” Continue to step 6b for

other pavement types.
I. Select the “Project File” for analysis. If multiple homogeneous segments were
created in step 5a, the following will have to be performed for each segment:

1.
2.
3.

4.
S.
6

8.

9

Choose drop number “1.”

Select the “Yes” radio button for “Temperature Corrected AC.”

Select the “No” radio button for each “ESALSs to Term Serv,” “ESALS to
Failure,” and “Determine Remaining Life.”

Press the “Calculate” button.

Select the “BELLS3 Prediction” radio button.

Enter the Previous Day Average Temperature, found in the Excel Segmentation

" file,
7.

Choose the “Base/Subbase Type” as either “Granular” or “Cement Treated” if
given as “CTA” in the Excel Segmentation file.

Click on the “Calculate” button.

Click on the “OK” button.

10. Click on the “View Results” button.
11. Click on the “Export to Excel” button and save the Excel file as the following:

a. “I66EB3 SN” for structural number for Interstate 66, Eastbound direction,
3" county
b. If multiple homogeneous segments exist, save each to a separate worksheet.

b. For “Composite” or “Jointed/CRC” pavements, select “Basin Area / K Calculation.” and
choose “composite” or “jointed/CRC.”
i. Select the “Project Name.” If multiple homogeneous segments were created in step
5a, the following will have to be performed for each segment:

1.

Select “1” for the Drop Number for Analysis.
Leave the default Poisson’s Ratio as “0.15.”

2.
3. Select the “Calculate” button.
4.
5

Press the “OK” button and then select the “Exit” button.
Click on the “Reports” dropdown menu and then select “Composite Area — PCC
k” for composite pavements or “Jointed/CRC Area — PCC k” for jointed/CRC
pavements.
Select either “Area graph” or “Epcc / K graph.”
a. Select the Project Name and Drop “1” and then click on the “Data” button.
b. Click on the “Export to Excel” button and save the Excel file as the
following:
i. “I66EB3 EPCC” for concrete data for Interstate 66, Eastbound direction,
3" county
ii. If multiple homogeneous segments exist, save each to a separate
worksheet.
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6. Create an Excel output file of analyzed data for each route (a naming example is “166
Network FWD Output”) showing the following (most are obtained from the saved Excel
output files created in steps 4 and 6, the remainder can be calculated from these data):

District

Jurisdiction

Route Type

Route Number

Direction

Lane #

Pavement Type

Test MP

Section

Segment

Measured Deflection

i. D1 through D9

Plate Load

Plate Pressure

Plate Radius

i. Default value is “5.91”

Air Temperature

Surface Temperature

Test Date

Test Time

FWD Device

I. Default value is “VDOT1”

Previous Day Average Air Temp

u. Reference Temp
i. Default value is “68”

Temperature Corrected Deflection (D0)
. Resilient Modulus
Design Resilient Modulus
I. Equal to resilient modulus divided by 3

y. Pavement Modulus, Ep

z. Effective Structural Number
aa. Area
bb. Static k-value
cc. Estimated Layer Thickness, Layer 1
dd. Estimated Layer Thickness, Layer 2

XU SQ@ e o0 o
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APPENDIX C
RESULTS OF FWD NETWORK TESTING
This appendix presents figures showing the effective structural number and subgrade resilient

modulus for all tested flexible pavements and deflection under the load plate and deflection basin
area for all tested rigid and composite pavements.
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Figure C.1. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Alleghany
County (Maintenance Jurisdiction 003)
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Figure C.2. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Rockbridge
County (Maintenance Jurisdiction 081)
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Figure C.3. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Augusta County
(Maintenance Jurisdiction 007)
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Figure C.4. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Albemarle
County (Maintenance Jurisdiction 002)
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Figure C.5. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-64, Albemarle County
(Maintenance Jurisdiction 002)
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Figure C.6. Deflection Under Load Plate (Dg) and Deflection Basin Area: Eastbound 1-64, Louisa County
(Maintenance Jurisdiction 054)
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Figure C.7. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Louisa County
(Maintenance Jurisdiction 054)
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Figure C.8. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Goochland
County (Maintenance Jurisdiction 037)

44



12 60,000
—— Effective Structural Number

—— Subgrade Resilient Modulus
10 + 50,000

40,000

30,000

4 -+ 20,000

Effective Structural Numbel
(o]
§\~

Subgrade Resilient Modulus (psi)

2 1 -+ 10,000

0 T T T T T T T T T T T T T T -
8§ 10 12 14 16 18 20 22 24 26 28 30

County Relative Milepost

o
N
N
»

Figure C.9. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.10. Deflection Under Load Plate (Dy) and Deflection Basin Area: Eastbound 1-64, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.11. Deflection Under Load Plate (Dy) and Deflection Basin Area: Eastbound 1-64, New Kent County
(Maintenance Jurisdiction 063)

25 50
—— Deflection Under Load Plate
— Deflection Basin Area T4

20 40

A\ /”MM -
N 2

|
A :

=
(&)}

Deflection Under Load Plate (mils)
N
[6;]
Deflection Basin Area (inches)

10
5 VN

\/\/\/’\/ NN/ I
o T T T T T T T T 0

0 1 2 3 4 5 6 7 8 9
County Relative Milepost

Figure C.12. Deflection Under Load Plate (Do) and Deflection Basin Area: Eastbound 1-64, James City
County (Maintenance Jurisdiction 047)
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Figure C.13. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, James City
County (Maintenance Jurisdiction 047)
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Figure C.14. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, York County
(Maintenance Jurisdiction 099)
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Figure C.15. Deflection Under Load Plate (Dg) and Deflection Basin Area: Eastbound 1-64, York County
(Maintenance Jurisdiction 099)

30 i' 60
. 25 } w HVA\/ 50
:% 20 *-’AV/\\/\ A M V[\\\JAVA\/ f\/\vA‘I /\/\ /\f\/\\/'/\/\/ﬂ 40 é
| Mis
é o V H —— Deflection Under Load Plate ' % g
=2 — Deflection Basin Area s
% 10 A 20 E_’
E 5 \/A N I\ M A IAM A /\A .U/\\AAVA / | 10 )

VT AN M R Y
0 \ \ \ \ \ \ \ \ \ \ \ \ \ \ 0

38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68
County Relative Milepost

Figure C.16. Deflection Under Load Plate (Dy) and Deflection Basin Area: Eastbound 1-64, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.17. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-64, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.18. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Alleghany
County (Maintenance Jurisdiction 003)
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Figure C.19. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Rockbridge
County (Maintenance Jurisdiction 081)
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Figure C.20. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Augusta
County (Maintenance Jurisdiction 007)
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Figure C.21. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Albemarle
County (Maintenance Jurisdiction 002)
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Figure C.22. Deflection Under Load Plate (Do) and Deflection Basin Area: Westbound 1-64, Albemarle
County (Maintenance Jurisdiction 002)
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Figure C.23. Deflection Under Load Plate (Dy) and Deflection Basin Area: Westbound 1-64, Louisa County
(Maintenance Jurisdiction 054)
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Figure C.24. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Goochland
County (Maintenance Jurisdiction 037)
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Figure C.25. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, Henrico
County (Maintenance Jurisdiction 043)
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Figure C.26. Deflection Under Load Plate (Do) and Deflection Basin Area: Westbound 1-64, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.27. Deflection Under Load Plate (Dy) and Deflection Basin Area: Westbound 1-64, New Kent County
(Maintenance Jurisdiction 063)
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Figure C.28. Deflection Under Load Plate (Dg) and Deflection Basin Area: Westbound 1-64, James City
County (Maintenance Jurisdiction 047)
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Figure C.29. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, James City
County (Maintenance Jurisdiction 047)
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Figure C.30. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, York County
(Maintenance Jurisdiction 099)
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Figure C.31. Deflection Under Load Plate (Do) and Deflection Basin Area: Westbound 1-64, York County
(Maintenance Jurisdiction 099)
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Figure C.32. Deflection Under Load Plate (Dy) and Deflection Basin Area: Westbound 1-64, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.33. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-64, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.34. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-66, Warren County
(Maintenance Jurisdiction 093)
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Figure C.35. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-66, Fauquier
County (Maintenance Jurisdiction 030)
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Figure C.36. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-66, Prince William
County (Maintenance Jurisdiction 076)
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Figure C.37. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-66, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.38. Deflection Under Load Plate (Do) and Deflection Basin Area: Eastbound 1-66, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.39. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-66, Arlington
County (Maintenance Jurisdiction 000)
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Figure C.40. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-66, Warren
County (Maintenance Jurisdiction 093)
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Figure C.41. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-66, Fauquier
County (Maintenance Jurisdiction 030)
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Figure C.42. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-66, Prince William
County (Maintenance Jurisdiction 076)
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Figure C.43. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-66, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.44. Deflection Under Load Plate (Do) and Deflection Basin Area: Westbound 1-66, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.45. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-66, Arlington
County (Maintenance Jurisdiction 000)
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Figure C.46. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-77, Carroll
County (Maintenance Jurisdiction 017)
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Figure C.47. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-77, Wythe County
(Maintenance Jurisdiction 098)
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Figure C.48. Effective Structural Number and Subgrade Resilient Modulus: Northbound I-77, Bland County
(Maintenance Jurisdiction 010)
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Figure C.49. Deflection Under Load Plate (Dy) and Deflection Basin Area: Northbound 1I-77, Bland County
(Maintenance Jurisdiction 010)
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Figure C.50. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-77, Carroll
County (Maintenance Jurisdiction 017)
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Figure C.51. Effective Structural Number and Subgrade Resilient Modulus: Southbound I-77, Wythe County
(Maintenance Jurisdiction 098)
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Figure C.52. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-77, Bland County
(Maintenance Jurisdiction 010)
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Figure C.53. Deflection Under Load Plate (Dy) and Deflection Basin Area: Southbound I-77, Bland County
(Maintenance Jurisdiction 010)
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Figure C.54. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Washington
County (Maintenance Jurisdiction 095)
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Figure C.55. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Smyth County
(Maintenance Jurisdiction 086)
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Figure C.56. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Wythe County
(Maintenance Jurisdiction 098)
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Figure C.57. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Pulaski
County (Maintenance Jurisdiction 077)
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Figure C.58. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Montgomery
County (Maintenance Jurisdiction 060)
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Figure C.59. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Roanoke
County (Maintenance Jurisdiction 080)
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Figure C.60. Deflection Under Load Plate (Dy) and Deflection Basin Area: Northbound 1-81, Botetourt
County (Maintenance Jurisdiction 011)
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Figure C.61. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Botetourt
County (Maintenance Jurisdiction 011)
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Figure C.62. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Rockbridge
County (Maintenance Jurisdiction 081)
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Figure C.63. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Augusta
County (Maintenance Jurisdiction 007)
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Figure C.64. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Rockingham
County (Maintenance Jurisdiction 082)
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Figure C.65. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Shenandoah
County (Maintenance Jurisdiction 085)
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Figure C.66. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-81, Frederick
County (Maintenance Jurisdiction 034)
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Figure C.67. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Washington
County (Maintenance Jurisdiction 095)
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Figure C.68. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Smyth County
(Maintenance Jurisdiction 086)
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(Maintenance Jurisdiction 098)

Figure C.69. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Wythe County
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Figure C.70. Effective Structural Number and Subgrade Resilient Modulus:
County (Maintenance Jurisdiction 077)
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Figure C.71. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Montgomery
County (Maintenance Jurisdiction 060)
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Figure C.72. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Roanoke
County (Maintenance Jurisdiction 080)
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Figure C.73. Deflection Under Load Plate (Dy) and Deflection Basin Area: Southbound 1-81, Botetourt
County (Maintenance Jurisdiction 011)
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Figure C.74. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Botetourt
County (Maintenance Jurisdiction 011)
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Figure C.75. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Rockbridge
County (Maintenance Jurisdiction 081)
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Figure C.76. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Augusta
County (Maintenance Jurisdiction 007)
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Figure C.77. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Rockingham
County (Maintenance Jurisdiction 082)
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Figure C.78. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Shenandoah
County (Maintenance Jurisdiction 085)
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Figure C.79. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-81, Frederick
County (Maintenance Jurisdiction 034)
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Figure C.80. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-85, Mecklenburg
County (Maintenance Jurisdiction 058)
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Figure C.81. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-85, Brunswick
County (Maintenance Jurisdiction 012)
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Figure C.82. Deflection Under Load Plate (Do) and Deflection Basin Area: Northbound 1-85, Brunswick
County (Maintenance Jurisdiction 012)
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Figure C.83. Deflection Under Load Plate (Dg) and Deflection Basin Area: Northbound I-85, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.84. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-85, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.85. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-85, Mecklenburg
County (Maintenance Jurisdiction 058)
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Figure C.86. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-85, Brunswick
County (Maintenance Jurisdiction 012)
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Figure C.87. Deflection Under Load Plate (Dg) and Deflection Basin Area: Southbound 1-85, Brunswick
County (Maintenance Jurisdiction 012)
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Figure C.88. Deflection Under Load Plate (Do) and Deflection Basin Area: Southbound 1-85, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.89. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-85, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.90. Deflection Under Load Plate (Do) and Deflection Basin Area: Northbound 1-95, Greensville
County (Maintenance Jurisdiction 040)
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Figure C.91. Deflection Under Load Plate (Do) and Deflection Basin Area: Northbound 1-95, Sussex County
(Maintenance Jurisdiction 091)
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Figure C.92. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Sussex County
(Maintenance Jurisdiction 091)
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Figure C.93. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Prince George
County (Maintenance Jurisdiction 074)
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Figure C.94. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.95. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Chesterfield
County (Maintenance Jurisdiction 020)
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Figure C.96. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Henrico
County (Maintenance Jurisdiction 043)
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Figure C.97. Deflection Under Load Plate (Dg) and Deflection Basin Area: Northbound 1-95, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.98. Deflection Under Load Plate (Dy) and Deflection Basin Area: Northbound 1-95, Hanover County
(Maintenance Jurisdiction 042)
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Figure C.99. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Hanover
County (Maintenance Jurisdiction 042)
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Figure C.100. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Caroline
County (Maintenance Jurisdiction 016)
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Figure C.101. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-95, Caroline
County (Maintenance Jurisdiction 016)
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Figure C.102. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-95, Spotsylvania
County (Maintenance Jurisdiction 088)
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Figure C.103. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-95, Stafford
County (Maintenance Jurisdiction 089)
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Figure C.104. Deflection Under Load Plate (Dy) and Deflection Basin Area: Northbound 1-95, Prince William
County (Maintenance Jurisdiction 076)
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Figure C.105. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Prince
William County (Maintenance Jurisdiction 076)
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Figure C.106. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-95, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.107. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-95, Fairfax
County (Maintenance Jurisdiction 029)
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Figure C.108. Deflection Under Load Plate (Do) and Deflection Basin Area: Southbound 1-95, Greensville
County (Maintenance Jurisdiction 040)
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Figure C.109. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Sussex County
(Maintenance Jurisdiction 091)
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Figure C.110. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Sussex
County (Maintenance Jurisdiction 091)
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Figure C.111. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Prince
George County (Maintenance Jurisdiction 074)
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Figure C.112. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Dinwiddie
County (Maintenance Jurisdiction 026)
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Figure C.113. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Chesterfield
County (Maintenance Jurisdiction 020)
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Figure C.114. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Henrico
County (Maintenance Jurisdiction 043)
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Figure C.115. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.116. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Hanover
County (Maintenance Jurisdiction 042)
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Figure C.117. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Hanover
County (Maintenance Jurisdiction 042)
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Figure C.118. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Caroline
County (Maintenance Jurisdiction 016)
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Figure C.119. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Caroline
County (Maintenance Jurisdiction 016)
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Figure C.120. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Spotsylvania
County (Maintenance Jurisdiction 088)
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Figure C.121. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Stafford
County (Maintenance Jurisdiction 089)
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Figure C.122. Deflection Under Load Plate (Do) and Deflection Basin Area: Southbound 1-95, Prince William
County (Maintenance Jurisdiction 076)
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Figure C.123. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-95, Fairfax County
(Maintenance Jurisdiction 029)
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Figure C.124. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-95, Fairfax
County (Maintenance Jurisdiction 029)
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Figure C.125. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-264, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.126. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-264, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.127. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-264, City of Virginia
Beach (Maintenance Jurisdiction 075)
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Figure C.128. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-264, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.129. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-264, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.130. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-264, City of
Virginia Beach (Maintenance Jurisdiction 075)
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Figure C.131. Deflection Under Load Plate (Dy) and Deflection Basin Area: Eastbound 1-295, Henrico County
(Maintenance Jurisdiction 043)
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Figure C.132. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-295, Hanover
County (Maintenance Jurisdiction 042)
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Figure C.133. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-295, Chesterfield
County (Maintenance Jurisdiction 020)
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Figure C.134. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-295, Henrico
County (Maintenance Jurisdiction 043)
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Figure C.135. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-295, Hanover
County (Maintenance Jurisdiction 042)
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Figure C.136. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-295, Chesterfield
County (Maintenance Jurisdiction 020)
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Figure C.137. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-381, Washington
County (Maintenance Jurisdiction 095)
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Figure C.138. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-381, Washington
County (Maintenance Jurisdiction 095)
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Figure C.139. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-395, Fairfax
County (Maintenance Jurisdiction 029)

25 50
—— Deflection Under Load Plate
— Deflection Basin Area

7 20 A 0
£ 8
g g
© =
o
g } \/\/ \/ L
o <
— £
3 8

fos]
5 10 A 20 ¢
c S
K=l =
= @
= %5
3 A 3

O T T T T 0

0 1 2 3 4 5
County Relative Milepost

Figure C.140. Deflection Under Load Plate (D) and Deflection Basin Area: Northbound 1-395, Arlington
County (Maintenance Jurisdiction 000)
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Figure C.141. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-395, Fairfax
County (Maintenance Jurisdiction 029)
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Figure C.142. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-395, Arlington
County (Maintenance Jurisdiction 000)
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Figure C.143. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-464, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.144. Effective Structural Number and Subgrade Resilient Modulus: Northbound 1-464, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.145. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-464, City of
Portsmouth (Maintenance Jurisdiction 064)

12 60,000
—— Effective Structural Number
—— Subgrade Resilient Modulus

10 -+ 50,000
5 8
£ 0
S 81 + 40,000 %
P o
— (=]
G
g =
S 61 + 30,000 &
n 2
2 ¢
§ 4 20,000 8
i g

@
2 \/—\/\/K/\/\/\ -+ 10,000
0 T T T T T =
0 1 2 3 4 5 6

County Relative Milepost

Figure C.146. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-464, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.147. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-495, Fairfax
County (Maintenance Jurisdiction 029)
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Figure C.148. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-495, Fairfax
County (Maintenance Jurisdiction 029)
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Figure C.149. Deflection Under Load Plate (D,) and Deflection Basin Area: Northbound 1-564, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.150. Deflection Under Load Plate (D,) and Deflection Basin Area: Southbound 1-564, City of
Portsmouth (Maintenance Jurisdiction 064)
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Figure C.152. Effective Structural Number and Subgrade Resilient Modulus: Southbound 1-581, Roanoke
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Figure C.153. Deflection Under Load Plate (D,) and Deflection Basin Area: Eastbound 1-664, York County
(Maintenance Jurisdiction 099)
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Figure C.154. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-664, York County
(Maintenance Jurisdilction 099)
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Figure C.155. Deflection Under Load Plate (Do) and Deflection Basin Area: Eastbound 1-664, City of Suffolk
(Maintenance Jurisdiction 061)
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Figure C.156. Effective Structural Number and Subgrade Resilient Modulus: Eastbound 1-664, City of
Suffolk (Maintenance Jurisdiction 061)
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Figure C.157. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-664, York County
(Maintenance Jurisdiction 099)

12 60,000
—— Effective Structural Number
—— Subgrade Resilient Modulus
10 - 50,000
%\
] A=
2 [}
E 8 + 40,000 2
P o
— (=]
©
g =
S 61 + 30,000 &
n 2
2 ¢
§ 4 20,000 8
i g
>
n
2 \/\/ -~ 10,000
0 T T T T T =
0 1 2 3 4 5 6

County Relative Milepost

Figure C.158. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-664, York County
(Maintenance Jurisdilction 099)
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Figure C.159. Deflection Under Load Plate (D,) and Deflection Basin Area: Westbound 1-664, City of Suffolk
(Maintenance Jurisdiction 061)
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Figure C.160. Effective Structural Number and Subgrade Resilient Modulus: Westbound 1-664, City of
Suffolk (Maintenance Jurisdiction 061)
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