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Bridges	3	&	4	–	I‐65	NB	&	SB	over	Beaver	Dam	Ditch	
No approach pavement construction is anticipated for this bridge.  

Bridges	5	&	6	‐	I‐65	NB	&	SB	over	109th	Avenue	
No approach pavement construction is anticipated for this bridge.  

Bridge	7	–	113th	Avenue	over	I‐65	
No pavement work is required for this structure. 

Bridges	8	&	9	–	I‐65	NB	&	SB	over	US	231	
No approach pavement construction is anticipated for this bridge.  

Proposed	Pavement	Designs	–	Segment	B	

Kankakee	River	Bridge	Approach	Pavement	
From Station A 382+61.50 to Station A 386+44.00: 

QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Subgrade Treatment Type IB 
Retrofitted tie bars shall be size #6 installed at a 3 feet spacing 

Proposed	Pavement	Designs	–	Segment	C1	

Bridge	10	–	137th	Avenue	over	I‐65	
For Bridge Approaches: 

Variable‐Depth Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 3, 64, Surface, 9.5 mm on 
  Existing Pavement 

Bridges	11	&	12	–	I‐65	over	Wirtz	Ditch	
For Bridge Approaches: 

Variable‐Depth Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 

Bridge	13	–	153rd	Avenue	over	I‐65	
For Bridge Approaches: 

Variable‐Depth Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 3, 64, Surface, 9.5 mm on 
  Existing Pavement 

   

 

3 

Executive	Summary	
The most significant cost component of the I‐65 Northwest Major Moves project  is the pavement. The 
Walsh DBT spent significant time optimizing the proposed pavement design and the predicted pavement 
failures. The optimization was influenced by the functional and structural life requirements in the TP.  The 
Walsh DBT applied  innovation to pavement design to meet or exceed these thresholds, while reducing 
the cost of project delivery. 
 
Detailed in this report are the proposed pavement designs for the I‐65 Northwest Major Moves project in 
Lake and Jasper counties.  The project consists of Roadway Rehabilitation and Reconstruction as well as 
Bridge Rehabilitation.  In accordance with the Technical Provisions (TP), Indiana Design Manual (IDM), and 
the Mechanistic  Empirical Design Guide  (MEPDG),  pavement  designs  have  been  developed  for  each 
segment of the project.   
 
Refer to the Project Description section of this report for a detailed description of the project segments 
and  the work  involved with each.   The proposed pavement designs  for each  roadway segment are as 
follows: 

Proposed	Pavement	Designs	–	Segment	A	

I‐65	Mainline	Outside	Shoulder	Construction	
From Station G 1160+41.00 to Station I 1371+90.47: 

Remove Compacted Aggregate, No. 53, while protecting geotextile 
  QC/QA‐PCCP, 14 inch with 

D‐1 joints spaced at 18 feet with 1½‐inch dowel bars at 12‐inch spacing on existing/repaired 
subbase.  Retrofitted tie bars shall be size #6 installed at 3‐foot spacing.   

I‐65	Mainline	Partial‐Depth	PCCP	Patching	
Partial‐depth patching, where required, shall consist of PCCP Patching, Partial Depth per INDOT Standard 
Specification Section 506. 

I‐65	Mainline	Full‐Depth	PCCP	Patching	
Full‐depth patching, where required, shall consist of a minimum of 14 inch PCCP with 15 feet maximum 
joint spacing.  Refer to the PCCP Patching, Full Depth USP in the TP. 

Bridge	1	‐	93rd	Avenue	over	I‐65	
For Bridge Approaches: 

Variable‐Depth Asphalt Milling then 
  165 lb/yd2 QC/QA‐HMA, 3, 64, Surface, 9.5 mm on 
  Existing Pavement 

Bridge	2	–	101st	Avenue	over	I‐65	
No work is required for this structure. 
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I‐65	Mainline	Remaining	Width	of	Inside	Shoulder	
From Station C 701+67.00 to Station D 1102+27.00: 
  330 lb/yd2 QC/QA‐HMA, 4, 76, Surface, 12.5 mm (for non‐MOT shoulder) on 
  275 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate, 19.0 mm on 
  275 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 
  250 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate O.G., 19.0 mm on 
  330 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 

11.0 inches Compacted Aggregate, No. 43, Base (variable depth to match existing adjacent 
composite pavement thickness) on 
Subgrade Treatment Type IB (14 inches chemical soil modification per geotech 
recommendations) 

I‐65	Mainline	Shoulder	Use	for	MOT	
No special treatment is required for shoulder use during MOT activities.  See pavement designs above for 
required shoulder rehabilitation treatment. 

I‐65	PCCP	Added	Travel	Lane	and	Inside	Shoulder	Near	US	231	
From Station D 1102+27 to Station G 1149+61.00 (extends into Segment A): 

QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Existing/repaired subbase. 

Proposed	Pavement	Design	–	Temporary	Pavement	
For temporary pavement, as needed: 
  935 lb/yd2 HMA for Approaches, Type D, on 
  4 inches Compacted Aggregate, No. 53 (crushed stone or millings) on 
  Compacted Subgrade 
 

Project	Description	
The project involves adding one travel lane, in each direction, along I‐65 from just south of SR 2 to US 30, 
in Lake County.  The project is broken into the following segments: 

Segment A:  I‐65 Added Travel Lanes from US 231 to US 30 (Station F 1143+00 to I 1371+90.47) 
  Segment B:  I‐65 NB and SB Bridges over Kankakee River (Station A 382+61.50 to A 386+44) 

Segment C1:  I‐65 Mainline and Overhead Bridges from SR 2 to US 231 (Station B 701+67 to F 
1143+00) 

  Segment C2:  I‐65 Added Travel Lanes from SR 2 to US 231 (Station B 701+67 to F 1143+00) 

Segment	A:		I‐65	Added	Travel	Lanes	from	US	231	to	US	30		
Within Segment A, the existing outside shoulders will be restriped to accommodate the additional travel 
lanes and new outside shoulders will be reconstructed.   The ramps at 109th Avenue will be revised  to 
accommodate the new travel lanes and to match the proposed geometry.  The additional lanes will be 
continuous throughout the entire corridor.   
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Bridges	14	&	15:	I‐65	over	SR	2	
For Bridge Approaches: 

Variable‐Depth PCCP Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 

Proposed	Pavement	Designs	–	Segment	C2	

I‐65	Mainline	Pavement	Rehabilitation	
From Station C 701+67.00 to Station D 1102+27.00 (excluding Profile Correction under Bridges): 
  1.5 inch Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 

I‐65	Mainline	Pavement	Rehabilitation	–	Profile	Correction	under	Bridges	
From Station D 935+90.00 to Station D 943+86.00, and 
From Station D 1044+25.00 to Station D 1025+71.30: 
  2.5 inch Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 

I‐65	Mainline	Outside	Shoulder	Rehabilitation	
From Station C 701+67.00 to Station D 1102+27.00, and 
  1.5 inch Asphalt Milling then 
  165 lb/yd2 QC/QA‐HMA, 4, 76, Surface, 9.5 mm on 
  Existing Pavement 

I‐65	Mainline	Added	Travel	Lane	and	2	feet	of	Inside	Shoulder	
From Station C 701+67.00 to Station D 1102+27.00: 
  330 lb/yd2 (3.0 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  275 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate, 19.0 mm on 
  275 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 
  250 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate O.G., 19.0 mm on 
  330 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 

11.0 inches Compacted Aggregate, No. 43, Base (variable depth to match existing adjacent 
composite pavement thickness) on 
Subgrade Treatment Type IB (14 inches chemical soil modification per geotech 
recommendations) 
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Bridges 11 and 12 includes milling and resurfacing 30 feet of the approach roadway on each end 
of the bridge. 

Bridge	13:	153rd	Avenue	over	I‐65	
The scope of work for Bridge 13 includes removing the existing concrete overlay, patching, 
placing a new concrete overlay, and replacing the existing expansion joints. The pavement work 
associated with Bridge 13 includes only the necessary milling and resurfacing of the roadway 
approaches to accommodate the proposed bridge rehabilitation.  In accordance with TP 8.2, the 
overlay design will be 165 lb/yd2 QC/QA‐HMA, 3, 64, Surface, 9.5 mm. 

Bridges	14	&	15:	I‐65	over	SR	2	
The scope of work for Bridges 14 and 15 includes rehabilitation and widening of the existing 
structure. The pavement work associated with Bridges 14 and 15 includes milling and 
resurfacing of the roadway approaches to accommodate the proposed bridge rehabilitation.  
The pavement design for the approach roadway consists of 165 lb/yd2 QC/QA‐HMA, 4, 76, 
Surface, 9.5 mm, on existing pavement.  

Segment	C2	
Within Segment C2, the existing inside shoulders will be removed and the additional travel lanes will be 
added on the inside.  The additional lanes will be continuous throughout the entire corridor. 

Design	Criteria	
The pavement design criteria for this project were established based on the TP, Indiana Design Manual 
(IDM), and other Project Standards.  Table 1 depicts the design criteria that were utilized throughout the 
project.  Supporting documentation for the traffic data is provided in Appendix A.   
 

Interstate Design 
Criteria 

Segment A  Segment B  Segments C1 & 
C2 

Reference 

Functional Classification  Urban Interstate  Rural Interstate  Rural Interstate  TP Table 7‐1 
Design Speed (mph)  70  70  70  TP Table 7‐1 
AADT (2016)  62,978 vpd  42,848 vpd  45,697 vpd  TP Table 7‐1 
AADT (2036)   67,641 vpd  60,002 vpd  55,752 vpd  Appendix A 
Growth Rate  0.36%  1.70%  1.00%  Appendix A 
% Trucks  28%  49%  44%  TP Table 7‐1 
#Trucks – AADTT (2016)  17,634 vpd  20,996 vpd  20,107 vpd  Appendix A 

Table 1: Interstate Design Criteria 
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The following bridge work is also included in Segment A. 

Bridge	1:		93rd	Avenue	over	I‐65	
Bridge 1 will be rehabilitated with a polymeric bridge deck overlay.  The approach slabs will also 
be rehabilitated. The pavement work associated with Bridge 1 includes milling and resurfacing 
15 feet of the approach roadway on each end of the bridge. In accordance with TP 8.2, the 
overlay design will be 165 lb/yd2 QC/QA‐HMA, 3, 64, Surface, 9.5 mm. 

Bridge	2:		101st	Avenue	over	I‐65	
No work is associated with this structure. 

Bridges	3	&	4:		I‐65	over	Beaver	Dam	Ditch	
The scope of work for Bridges 3 and 4 includes placing a polymeric bridge deck overlay and 
rehabilitating the approach slabs. No approach pavement construction is anticipated for this 
bridge. 

Bridges	5	&	6:		I‐65	over	109th	Avenue	
The scope of work for Bridges 5 and 6 includes placing a polymeric bridge deck overlay and 
rehabilitating the approach slabs. No approach pavement construction is anticipated for this 
bridge. 

Bridge	7	–	113th	Avenue	over	I‐65	
The scope of work for Bridge 7 includes replacing the existing expansion joints.  No approach 
pavement construction is anticipated for this bridge. 

Bridges	8	&	9:		I‐65	over	US	231	
The scope of work for Bridges 8 and 9 includes rehabilitating and widening the existing 
structures. No approach pavement construction is anticipated for this bridge. 

Segment	B	
Segment B includes construction of full‐width PCCP approaches to the Kankakee River Bridges (Bridges 
16 & 17).     

Segment	C1	
For the purposes of this report, the bridge work included in Segment C1 is excluded, with the exception 
of Bridges 11 and 12. 

Bridge	10:	137th	Avenue	over	I‐65	
The scope of work for Bridge 10 includes milling and overlaying the existing bridge deck and 
replacing the existing approach slabs. The pavement work associated with Bridge 10 includes 
only the necessary milling and resurfacing of the roadway approaches to accommodate the 
proposed bridge rehabilitation. In accordance with TP 8.2, the overlay design will be 165 lb/yd2 
QC/QA‐HMA, 3, 64, Surface, 9.5 mm. 

Bridges	11	&	12:	I‐65	Over	Wirtz	Ditch	
The scope of work for Bridges 11 and 12 includes rehabilitation and widening of the existing 
structure and reconstruction of the existing end bents. The pavement work associated with 
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Condition	
The existing pavement section was developed by reviewing the pavement history, existing plans 
and the core data provided in the Geotechnical Report.  The subgrade gradation is also provided 
in the Geotechnical Report.  The existing pavement section is taken to be as follows: 

 
14 inch Jointed Plain Concrete Pavement (JPCP) on 

    9 inches Subbase for PCCP on 
    Subgrade Treatment Type A on 
    Natural Subgrade (A‐6) 

Segment	C2	

History	
The following information was provided in the project Reference Information Documents (RID): 
 

“This pavement was constructed as 10 inch Jointed Reinforced Concrete Pavement with 
a 40 foot joint spacing in 1966. The roadway was rehabilitated in 1990 utilizing crack and 
seat and overlay with HMA, geocomposite "X" drain was installed at this time. The 
roadway was resurfaced in 2001 with a SMA surface. In 2013/2014 the roadway 
received a two lift overlay with SMA surface and 6 inch retrofit underdrains on both the 
outside and inside edge of the travel lanes. Full depth and partial depth patching and 
underseal were completed. This pavement is in very good condition at this time.” 

Condition	
The existing pavement section was developed by reviewing the pavement history, existing plans 
and the core data provided in the Geotechnical Report.  The subgrade gradation is also provided 
in the Geotechnical Report.  The existing pavement section is taken to be as follows: 

 
    1.5 inches QC/QA‐HMA, 5, 76, Surface, 9.5 mm – SMA (2014) on 
    3 inches QC/QA‐HMA, 5, 76, Intermediate, 19.0 mm (2014) on 
    5 inches Existing HMA (1990) on 
    10 inches Existing JRCP (1963, cracked and seated in 1990) on 
    5 inches Granular Subbase on 
    Natural Subgrade (A‐6) 
 
  The existing shoulder pavement section is taken to be: 
     

2.5 inches QC/QA‐HMA 1, 64, Surface, 12.5 mm (2014) on 
    9 inches Existing HMA (1990) on 
    Natural Subgrade (A‐6) 
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Pavement	History	and	Condition	
Segment	A	

History	
The following information was provided in the project Reference Information Documents (RID): 

   
“This pavement was constructed in 2003 as 15 inch jointed plain concrete pavement 
with 18 foot joints.  A Sub base for PCCP was utilized that consisted of only 6 inches of 
aggregate (3 inches of #8 stone on 3 inches of #53 stone). The outside shoulder was 
constructed as JPCP at 12 feet wide to serve as a future travel lane. An additional 10 feet 
was graded for a future outside shoulder and the drainage layer was extended to the 
underdrain trench which is outside of that 10 foot future shoulder. The #8 aggregate 
was covered with geotextile, and the 14 inch space next to the concrete was filled with 
#53 compacted aggregate. In 2014, a concrete pavement restoration project was 
completed that full depth patched the distressed pavements with 16 inch JPCP with a 
max 16 foot joint spacing. Some retrofit load transfer was performed at non faulted 
midpanel cracks, and some partial depth joint patches were installed. The pavement 
was undersealed where needed. The pavement is again experiencing cracking, and 
transverse and longitudinal cracking. Approximately 2800 syds of required full depth 
patching is concentrated in the northern 3000 feet of this project and a small amount of 
partial depth PCCP patching. The geotech investigation completed for the 2014 project 
showed that there is some mixed organic material in the northern area of the project.” 

Condition	
The existing pavement section was developed by reviewing the pavement history, existing plans 
and the core data provided in the Geotechnical Report.  The subgrade gradation is also provided 
in the Geotechnical Report.  Of particular note, the existing pavement thickness shown in the 
plans is shown to be 14 inches, not 15 inches as shown above.  The existing pavement section is 
taken to be as follows: 

 
14 inches Jointed Plain Concrete Pavement (JPCP) on 

    9 inches Subbase for PCCP on 
    Subgrade Treatment Type A on 
    Natural Subgrade (A‐6) 

Segment	B	

History	
  The following information was provided in the project Reference Information Documents (RID): 
   

“The concrete pavement on each side of each bridge was constructed as 14 inch Jointed 
Plain Concrete Pavement with a 20 foot joint spacing. This pavement is in very good 
condition at this time.” 
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Segment  Existing PCCP Thickness (in.) 
A  14 
B  14 
C2  14 

Table 3: Existing PCCP Thicknesses 

Pavement	ME	Input	Values	–	Segment	C2	HMA	Rehabilitation	
Per IDM 304‐14.08 (#1), the Segment C2 Rehabilitation was modeled as milling and resurfacing existing 
HMA over crushed stone.  This resulted in a very high prediction of AC deformation.  The next trial was 
modeled as HMA over cracked and seated JPCP.  This also resulted in a very high AC deformation 
prediction.  The pavement data from 2012 shows the existing pavement only experienced an average 
0.1 inches of AC deformation during the period from 2002 to 2012.  Therefore, the rehabilitation design 
was modeled as HMA over JPCP (not cracked and seated).  
 
Table 4 illustrates the input values used for the Mill and Overlay portion of the project: 
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Methodology	&	Computations	
The design methodology for this project was developed from the requirements listed in the TP and the 
Indiana Design Manual.  AASHTOWare Pavement ME version 2.0 was used for the project pavement 
designs.  The Federal Highway Administration’s (FHWA) LTPPBind software was used for selecting the 
Performance Grade (PG) Binder. 

Geotechnical	Evaluation	
Table 2 depicts the existing soil conditions and recommended treatment.  Refer to the Geotechnical 
Report for the Subgrade Gradation.  Refer to the RID for the Reference Pavement Design Memo.  The 
RID also contains the FWD testing results. 
 

Soil Parameter  Value 
Natural Subgrade  A‐6  
Resilient Modulus of Natural Subgrade  3000 psi 
Resilient Modulus of Treated Subgrade  6000 psi 
Subgrade Treatment Type  IB (lime only)  (cement only in Segment B) 
Elastic Modulus of Existing HMA  528,672 psi 
Elastic Modulus of Concrete (Segment A)  1,381,500 psi 
Elastic Modulus of Concrete (Segment B)  1,381,500 psi 
Elastic Modulus of Concrete (Segment C2)  1,592,568 psi 

Table 2: Geotechnical Information 

Binder	Selection	
Utilizing the traffic data above, TP Attachment 8‐2, and IDM Figure 304‐15A, an ESAL category of 4 was 
selected.  For this traffic loading, at 98% reliability, LTPPBind recommended a PG high temperature 
rating of 76ᵒC.  Per IDM 304‐15.01, a low temperature rating of 22ᵒC is required.  Per IDM 304‐15.01, 
base layers are designed with a lower temperature rating and are therefore designed with a high 
temperature rating of 64ᵒC.   Refer to Appendix B for the LTPPBind output file. 

Optimization	
Optimization was driven by the functional and structural life requirements in the TP. The Walsh DBT 
applied innovation to pavement design to meet or exceed these thresholds, while reducing the cost of 
project delivery. 

Pavement	ME	Input	Values	–	Segments	A,	B,	and	C2	(PCCP)	
Input values for PCCP designs were taken directly from IDM 304‐14.03.  Pavement thicknesses were 
chosen based on the adjacent pavement thickness.  Table 3 outlines the pavement thicknesses for each 
segment.   
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Pavement	ME	Input	Values	–	Segment	C2	HMA	Reconstruction	
Table 5 illustrates the input values for the Full‐Depth HMA portion of the project 

INPUT PARAMETER  VALUE  REFERENCE 
General Information: 
Design Type  New Pavement  IDM 304‐14.01 
Pavement Type  Flexible Pavement  IDM 304‐14.01 
Design Life (years)  18 (Functional)/50 (Structural)  IDM Figure 304‐14A 

Base Construction  May, 2016  IDM 304‐14.01 
TP Table 7‐1 

Pavement Construction  July, 2016  IDM 304‐14.01 
TP Table 7‐1 

Traffic Opening  September, 2016  IDM 304‐14.01 
TP Table 7‐1 

Performance Criteria:     
Initial IRI (in./mile)  70  IDM Figure 304‐14B 
Terminal IRI (in./mile)  160  IDM Figure 304‐14B 
AC top‐down cracking (ft/mile)  25001  IDM 304‐14.01 
AC bottom‐up cracking 
(percent) 

10  IDM Figure 304‐14B 

AC thermal cracking (ft/mile)  500  IDM Figure 304‐14B 
Permanent deformation – total 
pavement (in.)  0.752  IDM 304‐14.01 

Permanent Deformation – AC 
only (in.) 

0.4  IDM Figure 304‐14B 

Reliability – all parameters 
(percent) 

90  IDM Figure 304‐14B 

Traffic: 
Traffic Group  D  IDM 304‐14.01 
Two‐way AADTT (vpd)  20,107  Design Criteria 
Number of Lanes  3  Project Scope 

% Trucks in Design Direction  57  Reference Design Plans 
(Directional Distribution) 

% Trucks in Design Lane  60  IDM 304‐14.01 
Operational Speed (mph)  65  Design Criteria (large vehicles) 
Growth Rate (%)  1  Design Criteria 
Growth Function  Compound3  Design Criteria 
Climate: 
Longitude (decimal degrees)  ‐87.32   
 Latitude (decimal degrees)  41.39   
Elevation (ft)  750   
Depth of Water Table (ft)  Annual (10)  Geotechnical Report 
Climate Station  Virtual – 3 nearest stations  IDM 304‐14.01 

Table 5: Pavement ME Input Values – Reconstruction 
1Per IDM 304‐14.01, this parameter is ignored in the analysis. 
2Per IDM 304‐14.01, this parameter is ignored in the analysis. 
3Per IDM 304‐14.01, Linear is recommended.   However, the growth rate stated was back‐calculated from given traffic 
projections as a Compound rate.  Therefore, Compound was chosen as the Growth Function. 
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INPUT PARAMETER  VALUE  REFERENCE 
General Information: 
Design Type  Overlay  IDM 304‐14.01 
Pavement Type  AC over JPCP   IDM 304‐14.01 
Design Life (years)  14 (Functional)/30 (Structural)  TP Section 8.2 

Base Construction  May, 19901 
IDM 304‐14.01 

Reference Pavement Design 
Memo dated 4/14/2016 

Pavement Construction  July, 2016  IDM 304‐14.01 
TP Table 7‐1 

Traffic Opening  September, 2016  IDM 304‐14.01 
TP Table 7‐1 

Performance Criteria:     
Initial IRI (in./mile)  70  IDM Figure 304‐14B 
Terminal IRI (in./mile)  160  IDM Figure 304‐14B 
AC top‐down cracking (ft/mile)  25002  IDM 304‐14.01 
AC bottom‐up cracking 
(percent) 

10  IDM Figure 304‐14B 

AC thermal cracking (ft/mile)  500  IDM Figure 304‐14B 
Permanent deformation – total 
pavement (in.)  0.753  IDM 304‐14.01 

Permanent Deformation – AC 
only (in.) 

0.4  IDM Figure 304‐14B 

Reliability – all parameters 
(percent) 

90  IDM Figure 304‐14B 

Traffic: 
Traffic Group  D  IDM 304‐14.01 
Two‐way AADTT (vpd)  20,107  Design Criteria 
Number of Lanes  3  Project Scope 

% Trucks in Design Direction  57  Reference Design Plans 
(Directional Distribution) 

% Trucks in Design Lane  60  IDM 304‐14.01 
Operational Speed (mph)  65  Design Criteria (large vehicles) 
Growth Rate (%)  1  Design Criteria 
Growth Function  Compound4  Design Criteria 
Climate: 
Longitude (decimal degrees)  ‐87.32   
 Latitude (decimal degrees)  41.39   
Elevation (ft)  750   
Depth of Water Table (ft)  Annual (4)  Geotechnical Report 
Climate Station  Virtual – 3 nearest stations  IDM 304‐14.01 

Table 4: Pavement ME Input Values ‐ Rehabilitation 
1Since the existing JRCP was cracked and seated and overlaid with HMA in 1990, this year was chosen as a base construction 
year instead of the original construction year of 1963. 
2Per IDM 304‐14.01, this parameter is ignored in the analysis. 
3Per IDM 304‐14.01, this parameter is ignored in the analysis. 
4Per IDM 304‐14.01, Linear is recommended.   However, the growth rate stated was back‐calculated from given traffic 
projections as a Compound rate.  Therefore, Compound was chosen as the Growth Function. 
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Design	Iterations	
The first step for each design was to verify the pavement design provided in the RID.  After verification, 
several design iterations were performed to select the most efficient design.   

Side	Roads	–	All	Segments	
Pavement required for side road bridge approaches is defined in the Section 8.2 of the TP as: 
  1.5 inch Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 3, 64, Surface, 9.5 mm on 
  Existing Pavement 
 
These designs could not be verified since there was no traffic data provided. 

Segment	A		
The proposed construction of the shoulder in Segment A is required to match the existing pavement 
section.  Therefore, the proposed shoulder consists of: 

 
Remove Compacted Aggregate, No. 53 while protecting geotextile 

  QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 18 feet with 1½‐inch dowel bars at 12‐inch spacing on existing/repaired 
subbase.  Retrofitted tie bars shall be size #6 installed at 3‐foot spacing. 

 
Maintenance	of	Traffic	Considerations	
Within Segment A, traffic may be maintained on existing full‐depth pavement.  No additional MOT 
pavement design is necessary. 

Segment	B		
The proposed reconstructed pavement in Segment B is required to match the existing pavement section.  
Therefore, the proposed pavement reconstruction consists of: 

 
QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Subgrade Treatment Type IB 
Retrofitted tie bars shall be size #6 installed at 3 foot spacing. 
 

  The functional life of the proposed section is: 24 years 
  The structural life of the proposed section is:  >50 years 
 
Maintenance	of	Traffic	Considerations	
Within Segment B, traffic may be maintained on existing full‐depth pavement.  No additional MOT 
pavement design is necessary. 
 

Segment	C1	
The pavement work in Segment C1 is limited to the necessary approach work for bridge rehabilitations.  
For I‐65 bridges with HMA approaches, the Rehabilitation design outlined below under Segment C2 shall 
be utilized.  The I‐65 bridges over Wirtz Ditch and SR 2 have PCCP approaches that require special 
analysis.   
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Pavement	ME	Input	Values	–	Shoulder	Use	for	MOT	
The existing shoulders were evaluated for use during Maintenance of Traffic (MOT) operations.  The 
existing shoulders were found to be in adequate condition for use during MOT activities.  Table 6 
illustrates the input Pavement ME input values used for the shoulder analysis. 
 

INPUT PARAMETER  VALUE  REFERENCE 
General Information: 
Design Type  Overlay  IDM 304‐14.01 
Pavement Type  AC over AC  IDM 304‐14.01 
Design Life (years)  0.5  Expected Construction Time 

Base Construction  May, 20141 
IDM 304‐14.01 

Reference Pavement Design 
Memo dated 4/14/2016 

Pavement Construction  July, 2016  IDM 304‐14.01/TP Table 7‐1 
Traffic Opening  September, 2016  IDM 304‐14.01/TP Table 7‐1 
Performance Criteria:     
Initial IRI (in./mile)  88  Reference Pavement Design 

Memo dated 4/14/2016 
Terminal IRI (in./mile)  160  IDM Figure 304‐14B 
AC top‐down cracking (ft/mile)  25002  IDM 304‐14.01 
AC bottom‐up cracking 
(percent) 

10  IDM Figure 304‐14B 

AC thermal cracking (ft/mile)  500  IDM Figure 304‐14B 
Permanent deformation – total 
pavement (in.)  0.753  IDM 304‐14.01 

Permanent Deformation – AC 
only (in.) 

0.4  IDM Figure 304‐14B 

Reliability – all parameters (%)  90  IDM Figure 304‐14B 
Traffic: 
Traffic Group  D  IDM 304‐14.01 
Two‐way AADTT (vpd)  20,107  Design Criteria 
Number of Lanes  2  Project Scope 

% Trucks in Design Direction  57  Reference Design Plans 
(Directional Distribution) 

% Trucks in Design Lane  90  IDM 304‐14.01 
Operational Speed (mph)  55  MOT Design Speed (Large 

Vehicles) 
Growth Rate (%)  1  Design Criteria 
Growth Function  Compound4  Design Criteria 

Table 6: Pavement ME Input Values – MOT Shoulders 
1Since the most recent two‐lift overlay occurred in 2014, this year was chosen as a base construction year instead of the original 
construction year of 1963. 
2Per IDM 304‐14.01, this parameter is ignored in the analysis. 
3Per IDM 304‐14.01, this parameter is ignored in the analysis. 
4Per IDM 304‐14.01, Linear is recommended.   However, the growth rate stated was back‐calculated from given traffic 
projections as a Compound rate.  Therefore, Compound was chosen as the Growth Function. 
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Alt. #  Pavement Section – C2 Reconstruction  Functional/Structural Life & 
Failure Modes 

I‐65 C2 FD 
Optimized 
Trial 11 

165 lb/yd2 (1.5 inches) QC/QA HMA, 4, 76, Surface, SMA* 9.5mm on 
275 lb/yd2 QC‐QA HMA, 4, 76, Intermediate, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
250 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
7.5 inches Aggregate, #43 on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 18 years (IRI) 
Structural:  > 50 years 

I‐65 C2 FD 
Optimized 
Trial 4 

220 lb/yd2 (2.0 inches) QC/QA HMA, 4, 76, Surface, SMA 9.5mm on 
275 lb/yd2 QC‐QA HMA, 4, 76, Intermediate, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
250 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
7.5 inches Aggregate, #43 on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 18 years (IRI) 
Structural:  > 50 years 

I‐65 C2 FD 
Optimized 
Trial 53 

220# lb/yd2 (2.0 inches) QC/QA HMA, 4, 76, Surface, SMA 9.5mm on 
330 lb/yd2 QC‐QA HMA, 4, 76, Intermediate, 19.0mm on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
300 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 19.0mm on 
275 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
275 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 20 years (IRI) 
Structural:  > 50 years 

I‐65 C2 FD 
Optimized 
Trial 57 

165 lb/yd2 (1.5 inches) QC/QA HMA, 4, 76, Surface, 9.5mm ‐ SMA on 
275 lb/yd2 (2.5 inches) QC/QA HMA, 4, 76, Intermediate, 19.0mm ‐ SMA 
on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
350 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 19.0mm on 
440 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
5.5 inches Aggregate, #43 on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 20 years (IRI) 
Structural:  > 50 years 

I‐65 C2 FD 
Optimized 
Trial 932 

330 lb/yd2 (3.0 inches) QC/QA HMA, 4, 76, Surface, SMA 12.5mm on 
275 lb/yd2 QC‐QA HMA, 4, 76, Intermediate, 19.0mm on 
275 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
250 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 19.0mm on 
11 inches Aggregate, #43 on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 18 years (IRI) 
Structural:  > 50 years 

Table 8: Reconstruction Design Iterations 
1INDOT‐Provided Reference Pavement Design 
2Recommended Alternative   
*General Note:  Unit weight of SMA is described as 110 lb/yd2/inch.  Actual unit weight is higher.     
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For	Bridges	with	PCCP	pavement	adjacent	to	the	bridge	approaches:	
165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 

  Existing Pavement 
 
  The functional life of the proposed section is: 36 years 
  The structural life of the proposed section is:  >50 years 

Segment	C2	
The pavement work in Segment C2 is broken into Rehabilitation and Reconstruction portions. 
Tables 7 and 8 highlight the chosen designs as well as the iterations that performed nearly as well or 
better than, the chosen designs for both the Rehabilitation and the Reconstruction portions of the 
project. 
 

Alt. #  Pavement Section – C2 Rehabilitation  Functional/Structural Life & 
Failure Modes 

5 

1.5 inch Asphalt Milling then 
165 lb/yd2 (1.5 inches) QC/QA‐HMA Surface, 9.5 mm ‐ SMA on 
Existing Pavement 
*Modeled as AC over Cracked and Seated JPCP 

Functional: 7 years (AC Deformation) 
Structural:  > 25 years 

6 

1.0 inch Asphalt Milling then 
165 lb/yd2 (1.5 inches) QC/QA‐HMA Surface, 9.5 mm ‐ SMA on 
Existing Pavement 
*Modeled as AC over Cracked and Seated JPCP 

Functional: 8 years (AC Deformation) 
Structural:  > 25 years 

393 

2.0 inch Asphalt Milling then 
220 lb/yd2 (2 inches) QC/QA‐HMA Surface, 9.5 mm ‐ SMA on 
Existing Pavement 
*Modeled as AC over Cracked and Seated JPCP 

Functional: 13 years (AC 
Deformation) 
Structural:  > 25 years 

231‐2 

1.5 inch Asphalt Milling then 
165 lb/yd2 (1.5 inches) QC/QA‐HMA Surface, 9.5 mm ‐ SMA on 
Existing Pavement 
*Modeled as AC over Crushed Stone 

Functional: <7 years (AC 
Deformation) 
Structural:  > 25 years 

I‐65 C2 
Overlay – 
Alternative 

431,2 

1.5 inch Asphalt Milling then 
165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76 Surface, 9.5 mm ‐ SMA 
on 
Existing Pavement 
*Modeled as AC over JPCP 

Functional: 36 years (IRI) 
Structural:  > 50 years 

I‐65 C2 
Overlay – 
Alternative 

442 

*For Profile Correction under Bridges 
2.5 inch Asphalt Milling then 
165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm ‐ SMA 
on 
Existing Pavement 
*Modeled as AC over JPCP 

Functional: 35 years (IRI) 
Structural:  > 50 years 

Table 7: Summary of Rehabilitation Design Iterations 
1INDOT‐Provided Reference Pavement Design 
2Recommended Alternative   
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Full‐depth patching, where required, shall be PCCP Patched‐Full Depth.  The patch thickness shall match 
the adjacent concrete thickness or no less than 14 inches.  Transverse joint spacing shall be a maximum 
of 15 feet and D‐1 contraction joints shall be installed to insure joint spacing is met.  Any unsuitable 
subgrade materials shall be excavated and replaced with Subgrade Treatment Type IC.  Patches shall be 
tied to adjacent pavement per spec.  Refer to TP Attachment 8‐1 for the USP for PCCP Patching, Full 
Depth. 
Partial‐depth patching shall be PCCP Patching, Partial Depth, in accordance with INDOT Standard 
Specification 506. 

I‐65	Mainline	Segment	B	Pavement	Reconstruction	
For I‐65 Segment B Reconstruction, use: 

QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Existing/repaired subbase. 

I‐65	Mainline	Segment	C2	Rehabilitation	
For the rehabilitation portion of Segment C2, it is recommended to use a single‐lift overlay consisting of: 
  1.5 inch Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 
 
For areas where the mainline passes under crossing bridges and additional vertical clearance is required: 

2.5 inch Asphalt Milling then 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  Existing Pavement 
 
For mainline shoulder rehabilitation: 
  1.5 inch Asphalt Milling then 
  165 lb/yd2 QC/QA‐HMA, 4, 76, Surface, 9.5 mm on 
  Existing Pavement 

I‐65	Mainline	Segment	C2	Reconstruction	
For mainline full‐depth added travel lane: 

330 lb/yd2 (3.0 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 
  275 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate, 19.0 mm on 
  275 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 
  250 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate O.G., 19.0 mm on 
  330 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 

11.0 inches Compacted Aggregate, No. 43, Base (variable depth to match existing adjacent 
composite pavement thickness) on 
Subgrade Treatment Type IB (14 inches chemical soil modification per geotech 
recommendations) 

 
For mainline remaining width of inside shoulder: 
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I‐65 C2 FD 
Optimized 
Trial 94 

165 lb/yd2 (1.5 inches) QC/QA HMA, 4, 76, Surface, SMA 12.5mm on 
330 lb/yd2 QC‐QA HMA, 4, 76, Intermediate, 19.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 25.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 25.0mm on 
250 lb/yd2 QC‐QA HMA, 4, 76, Intermediate OG, 25.0mm on 
330 lb/yd2 QC‐QA HMA, 4, 64, Base, 25.0mm on 
8.5 inches Aggregate, #43 on 
Subgrade Treatment Type IB (14 inches chemical modification, Mr = 
6000psi) on 
Subgrade Type A‐6 (Mr = 4000 psi) 

Functional: 18 years (IRI) 
Structural:  > 50 years 

Table 8 (continued): Reconstruction Design Iterations 
1INDOT‐Provided Reference Pavement Design 
2Recommended Alternative   
*General Note:  Unit weight of SMA is described as 110 lb/yd2/inch.  Actual unit weight is higher.   

Segment	C2	PCCP	New	Construction	
There is a small amount of required PCCP new construction at the north end of Segment C2.  The 
proposed pavement consists of: 

QC/QA‐PCCP, 14 inch with 
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Existing/repaired subbase. 
 

Maintenance	of	Traffic	Considerations	
Within Segment C2, traffic may be maintained by utilizing the existing outside shoulder.  In accordance 
with the TP, the shoulders will be resurfaced prior to MOT operations.  The proposed MOT shoulder 
treatment is as follows: 
  1.5 inch Asphalt Milling then 

165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76 Surface, 9.5 mm on 
Existing Pavement 
 

  The functional life of the proposed section is: 7 months 
*It is recommended to provide signs directing trucks to use the left lane only.  Doing so will 
result in a functional life approximately 11 months.  

 

Recommendations	
I‐65	Mainline	Segment	A	
For I‐65 Segment A outside shoulder construction, use: 
  QC/QA‐PCCP, 14 inch with 

D‐1 joints spaced at 18 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Existing/repaired subbase. 

I‐65	Mainline	Segment	A	Patching	
Full and partial‐depth patching will be provided per INDOT Standard Specifications.     
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Maintenance	Considerations	
The following excerpt is from the Reference Pavement Design Memo. 
 

“The concrete joints shall be cleaned and sealed every 8 years after the installation of the 
pavement. HMA/SMA surface shall be crack filled/sealed on a 3 years interval after the 
installation. Potholes and isolated failures should be patched as soon as possible. Underdrains 
outlets shall be inspected ever 5 years to ensure that there are no man-made or natural 
obstructions to the flow. Shoulders should be clipped as required to allow surface water to 
freely enter the roadside ditches. Any roadside ditches shall have the flow lines validated on a 
5 year cycle, and shall be regraded or cleaned as necessary to insure intended drainage flow if 
validation is not achieved. This list is not exclusive, and other measures can and should be 
taken to insure that the pavement has the intended life expectancy. A record of what 
maintenance measures were performed and when shall be kept for this roadway.” 
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330 lb/yd2 QC/QA‐HMA, 4, 76, Surface, 12.5 mm (for non‐MOT shoulder) on 
  275 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate, 19.0 mm on 
  275 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 
  250 lb/yd2 QC/QA‐HMA, 4, 76, Intermediate O.G., 19.0 mm on 
  330 lb/yd2 QC/QA‐HMA, 4, 64, Base, 19.0 mm on 

11.0 inches Compacted Aggregate, No. 43, Base (variable depth to match existing adjacent 
composite pavement thickness) on 
Subgrade Treatment Type IB (14 inches chemical soil modification per geotech 
recommendations) 

 
For mainline PCCP widening use: 

QC/QA‐PCCP, 14 inch with  
D‐1 joints spaced at 15 feet with 1½‐inch dowel bars at 12‐inch spacing on  
Existing/repaired subbase 

I‐65	Mainline	Segment	C2	Patching	
Full‐depth patching, as required for culvert replacements, shall consist of: 
  165 lb/yd2 (1.5 inches) QC/QA‐HMA, 4, 76, Surface, 9.5 mm – SMA on 

PCC Base Patching, Variable Depth (match existing pavement thickness to bottom of Surface 
layer) 
*Patching shall be in accordance with IDM Figure 304‐21FF 

I‐65	Mainline	Temporary	Pavement	
For mainline crossovers and other temporary pavement use: 

935 lb/yd2 HMA for Approaches, Type D, on 
  4 inches Compacted Aggregate, No. 53 (crushed stone or millings) on 
  Compacted Subgrade  

 
Construction	Considerations	

 Subgrade under new Full‐Depth pavement and Full‐Depth Patching shall be appropriately 
compacted. 

 New pavement shall have a safety edge in accordance with IDM Figure 304‐21X. 
 Joint adhesive, liquid asphalt sealant, and base seal shall be applied in accordance with the 

INDOT Standard Specifications. 
 Crack sealing shall be performed after milling and prior to application of tack coat for overlay.  

Any crack which is ¼ inches wide or wider shall be sealed with PG64‐22.  Emulsion shall not be 
used.  Cracks shall not be overbanded. 
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JOB: I-65 Northwest Major Moves DESIGNED: BSC DATE: 06/02/16
ITEM: Traffic Projections CHECKED: TJK DATE: 06/02/16

Initial year 2016 42,848 5,310 49.00%
Final year 2035 59,000

Calculated Growth Rate, where: r = (y/x)1/n - 1
n= 19

Therefore, r = 1.70%

Initial year 2016 42,848 5,310 20,996
Final year 2036 60,002 7,436 29,401

Initial year 2016 45,697 3,868 44.00%
Final year 2035 55,200

Calculated Growth Rate, where: r = (y/x)1/n - 1
n= 19

Therefore, r = 1.00%

Initial year 2016 45,697 3,868 20,107
Final year 2036 55,752 4,719 24,531

Initial year 2016 50,949 4,144 34.00%
Final year 2035 51,800

Calculated Growth Rate, where: r = (y/x)1/n - 1
n= 19

Therefore, r = 0.09%

Initial year 2016 50,949 4,144 17,323
Final year 2036 51,845 4,217 17,627

Initial year 2016 62,978 5,392 28.00%
Final year 2035 67,400

I-65 from 109th Avenue to US 30

Source Traffic Data Year AADT DHV
% Trucks 

AADT

Traffic Projections

I-65 from SR 2 to US 231

% Trucks 
AADTYear AADT DHV

Trucks
AADTT

I-65 from US 231 to 109th Avenue

Source Traffic Data Year AADT DHV
% Trucks 

AADT

Source Traffic Data

Projected Traffic Data Year AADT DHV

Trucks
AADTTProjected Traffic Data Year AADT DHV

I-65 from SR 10 to SR 2

Source Traffic Data Year AADT DHV
% Trucks 

AADT

Trucks
AADTTProjected Traffic Data Year AADT DHV

P:\_I-65 Northwest Major Moves 2020\Engineer Design\Roadway\Pavement Design\I-65 Traffic Projections.xlsx Tab: Projections

Pavement Design Report 
Appendix A

A-1
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Appendices	
Appendix	A:		Traffic	Projections	

Appendix	B:		Binder	Selection	

Appendix	C:		Pavement	ME	Output	

	 Segment	A	

	 Segment	B	

Segment	C	Rehabilitation	

	 Segment	C	Reconstruction	

	 Shoulder	Treatment	for	MOT	&	Temporary	Pavement	
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BindSelect-PG.txt

PG Binder Selection Report

LTPPBind V3.0 PG Binder Selection Report (Date: 5/4/2016 )

Parameter               A=9 km    B=19 km   C=30 km   D=34 km   E=35 km
Station ID              IN5174    IN9511    IN4008    IN9222    IN8999
Elevation, m            617       608       594       682       743
Degree-Days >10 C       2694      2720      2777      2583      2624
Low Air Temperature, C  -26.1     -26.1     -24.8     -25.8     -25.1
Low Air Temp. Std Dev   3.5       3.8       3.8       3         3.3

Input Data

Latitude, Degree                  41.3
Yearly Degree-Days>10C            2680
Lowest Yearly Air Temp., Deg. C   -25.6
Low Temp. Std. Dev., Deg. C       3.5
Base HT PG                        58

Traffic Adjustments for HT

Desired Reliability, Percent      98
Traffic Loading, Million ESAL      Above 30 M. ESAL
Traffic Speed                     Fast
High Temp. Adjustment              14.5

PG Temperature                    HIGH      LOW
PG Temp. at 50%  Reliability       53.8      -18.1
PG Temp. at Desired Reliability    56.5      -24.8
Adjustments for Traffic            14.5
Adjustments for Depth              0.0       0.0
Adjusted PG Temperature            71.0      -24.8
Selected PG Binder Grade           76        -28
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JOB: I-65 Northwest Major Moves DESIGNED: BSC DATE: 06/02/16
ITEM: Traffic Projections CHECKED: TJK DATE: 06/02/16

Traffic Projections

Calculated Growth Rate, where: r = (y/x)1/n - 1
n= 19

Therefore, r = 0.36%

Initial year 2016 62,978 5,392 17,634
Final year 2036 67,641 5,791 18,940

Trucks
AADTTProjected Traffic Data Year AADT DHV

P:\_I-65 Northwest Major Moves 2020\Engineer Design\Roadway\Pavement Design\I-65 Traffic Projections.xlsx Tab: Projections
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):
PCC 14" PCCP 14.0
NonStabilized Crushed stone 3.0
NonStabilized Crushed stone 6.0
Subgrade A-6 14.0
Subgrade A-6 Semi-infinite

Joint Design:
Joint spacing (ft) 15.0
Dowel diameter (in.) 1.50
Slab width (ft) 14.0 (w)

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 209.62 90.00 57.80 Fail

Mean joint faulting (in.) 0.15 0.10 90.00 99.75 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

Distress Prediction Summary

Distress Charts

Jointed Plain Concrete 
Pavement (JPCP)

Design Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

 - Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914
41.707, -86.333
42.121, -87.905
41.914, -88.246

Design Outputs
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
7/13/2016 12:02 PM Page 6 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-6

Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.55
Mean annual precipitation (in.) 29.78
Freezing index (ºF - days) 677.11
Average annual number of freeze/thaw cycles: 62.54 Water table depth

(ft)
10.00

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
7/13/2016 12:02 PM Page 5 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-5

       167



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 17

Analysis Output Charts
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JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 2

Widened Slab
Is slab widened ? True
Slab width (ft) 14.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 15.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.50
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders True
Load transfer efficiency (%) 60.00

Design Properties

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
7/13/2016 12:02 PM Page 7 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-7

       168



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 18

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
7/13/2016 12:02 PM Page 10 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-10

I-65 A Trial 3 - US 231
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 3 - US 231.dgpx

Report generated on: 
7/13/2016 12:02 PM Page 9 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-9

       169



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 19

Layer 2 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 3.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
25000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer Information
Layer 1 PCC : 14" PCCP

PCC
Thickness (in.) 14.0
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 400
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 95.3

Ultimate shrinkage 
(microstrain)

Calculated Internally? False
User Value 483.0
Calculated Value  - 

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier 14" PCCP

Description of object

Author
Date Created 5/26/2016 2:31:33 PM
Approver
Date approved 5/26/2016 2:31:33 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28

I-65 A Trial 3 - US 231
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 14.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
6000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.7

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
30000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Calibration Coefficients

IRI-jpcp
C1: 0.8203 C2: 0.4417
C3: 1.4929 C4: 25.24

5.4

Reliability Standard Deviation

C1: 1.0184 C2: 0.91656

Pow(0.0097*FAULT,0.5178)+0.014

PCC Faulting

C3: 0.0021848 C4: 0.000883739

C7: 1.83312C6: 0.4C5: 250 C8: 400
PCC Reliability Faulting Standard Deviation

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
3000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 56.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,996Initial two-way AADTT:
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,996
2041 (25 years) 79,444,100
2066 (50 years) 200,528,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):
PCC 14" PCCP 14.0
NonStabilized Crushed stone 3.0
NonStabilized Crushed stone 6.0
Subgrade A-6 14.0
Subgrade A-6 Semi-infinite

Joint Design:
Joint spacing (ft) 15.0
Dowel diameter (in.) 1.50
Slab width (ft) 14.0 (w)

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 214.88 90.00 54.27 Fail

Mean joint faulting (in.) 0.15 0.11 90.00 99.34 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

Distress Prediction Summary

Distress Charts

Jointed Plain Concrete 
Pavement (JPCP)

Design Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

 - Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914
41.707, -86.333
42.121, -87.905
41.914, -88.246

Design Outputs
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound
1.7% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs

I-65 A Trial 1 - Kankakee
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\PCCP\I-65 A Trial 1 - Kankakee.dgpx

Report generated on: 
7/13/2016 12:08 PM Page 3 of 16

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-19

       174



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 24

< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.55
Mean annual precipitation (in.) 29.78
Freezing index (ºF - days) 677.11
Average annual number of freeze/thaw cycles: 62.54 Water table depth

(ft)
10.00
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Analysis Output Charts
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JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 2

Widened Slab
Is slab widened ? True
Slab width (ft) 14.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 15.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.50
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders True
Load transfer efficiency (%) 60.00

Design Properties
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Layer 2 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 3.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
25000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer Information
Layer 1 PCC : 14" PCCP

PCC
Thickness (in.) 14.0
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 400
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 95.3

Ultimate shrinkage 
(microstrain)

Calculated Internally? False
User Value 483.0
Calculated Value  - 

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier 14" PCCP

Description of object

Author
Date Created 5/26/2016 2:31:33 PM
Approver
Date approved 5/26/2016 2:31:33 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 14.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
6000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.7

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
30000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Calibration Coefficients

IRI-jpcp
C1: 0.8203 C2: 0.4417
C3: 1.4929 C4: 25.24

5.4

Reliability Standard Deviation

C1: 1.0184 C2: 0.91656

Pow(0.0097*FAULT,0.5178)+0.014

PCC Faulting

C3: 0.0021848 C4: 0.000883739

C7: 1.83312C6: 0.4C5: 250 C8: 400
PCC Reliability Faulting Standard Deviation

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
3000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Distress Charts
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible

LaPorte QC/QA-
HMA, 5, 76, 
Surface, 9.5 mm - 
SMA

1.5

Flexible Asphalt concrete 8.0
PCC JPCP Default 10.0
Subgrade Crushed Stone 5.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 13.4

Air voids (%) 7.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 192.60 90.00 66.00 Fail

Permanent deformation - total pavement (in.) 0.75 0.42 90.00 100.00 Pass

Total Cracking (Reflective + Alligator) (percent) 50 5.00  -  - Pass

AC thermal cracking (ft/mile) 500.00 217.40 90.00 100.00 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 6902.56 90.00 28.54 Fail

Permanent deformation - AC only (in.) 0.40 0.42 90.00 86.70 Fail

Distress Prediction Summary

AC over JPCPDesign Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

May, 1990Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914

Design Outputs
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.22
Mean annual precipitation (in.) 29.87
Freezing index (ºF - days) 712.28
Average annual number of freeze/thaw cycles: 67.21 Water table depth

(ft)
4.00
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : LaPorte QC/QA
-HMA, 5, 76, Surface, 9.5 mm - 
SMA

Flexible (1) 1.00

Layer 2 Flexible : Asphalt 
concrete Flexible (1) 1.00

Layer 3 PCC : JPCP Default PCC (0) 1.00
Layer 4 Subgrade : Crushed 
Stone Subgrade (5) 1.00

Layer 5 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 3

Widened Slab
Is slab widened ? False
Slab width (ft) 12.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 20.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.25
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders False
Load transfer efficiency (%)  - 

Design Properties

JPCP Rehabilitation Properties

Modulus Subgrade Reaction
Is modulus of subgrade reaction measured? True
Month modulus of subgrade reaction measured 8
Dynamic modulus of subgrade reaction (psi/in.) 622.00

Slabs distressed/replaced before restoration (%) 1.00
Slabs repaired/replaced after restoration (%) 1.00
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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HMA Layer 1: Layer 1 Flexible : LaPorte QC/QA-HMA, 5, 76, Surface, 9.5 mm - SMA
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 404.62
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 8.77e-007
2 9.61e-007
5 1.09e-006
10 1.19e-006
20 1.31e-006
50 1.47e-006
100 1.62e-006

14  ºF
1.13e-006
1.31e-006
1.61e-006
1.87e-006
2.18e-006
2.67e-006
3.11e-006

32  ºF
1.47e-006
1.87e-006
2.58e-006
3.28e-006
4.18e-006
5.75e-006
7.32e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 20.4
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Analysis Output Charts
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HMA Layer 2: Layer 2 Flexible : Asphalt concrete
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Layer Information
Layer 1 Flexible : LaPorte QC/QA-HMA, 5, 76, Surface, 9.5 mm - SMA

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 3647648
40 2415742
70 763973
100 228891
130 80754

25 Hz
5000000
4797248
2372323
989704
401763

1 Hz
4669504
3373281
1296571
438683
159253

10 Hz
5000000
4392981
2030073
796159
310900

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 160.0
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 13.4
Air voids (%) 7
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier LaPorte QC/QA-HMA, 5, 76, 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 PCC : JPCP Default

PCC
Thickness (in.) 10.0
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 510
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 101

Ultimate shrinkage 
(microstrain)

Calculated Internally? True
User Value  - 
Calculated Value 543.2

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier JPCP Default

Description of object

Author
Date Created 6/16/2016 2:09:56 PM
Approver
Date approved 6/16/2016 2:09:56 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28
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Layer 2 Flexible : Asphalt concrete

Parameter Value
Grade Superpave Performance Grade
Binder Type 76-22
A 9.715
VTS -3.208

Asphalt Binder

Gradation Percent Passing
3/4-inch sieve 97
3/8-inch sieve 69
No.4 sieve 43
No.200 sieve 2

Asphalt Dynamic Modulus (Input Level: 3)

Asphalt
Thickness (in.) 8.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 10
Air voids (%) 6
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier Asphalt concrete

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
9248.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Subgrade : Crushed Stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 5.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
9248.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed Stone

Description of object Crushed Stone

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible over PCC

C3: 0.0014 C4: 0.00825C1: 40.8 C2: 0.575

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible

LaPorte QC/QA-
HMA, 5, 76, 
Surface, 9.5 mm - 
SMA

1.5

Flexible Asphalt concrete 7.0
PCC JPCP Default 10.0
Subgrade Crushed Stone 5.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 13.4

Air voids (%) 7.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 193.01 90.00 65.66 Fail

Permanent deformation - total pavement (in.) 0.75 0.44 90.00 100.00 Pass

Total Cracking (Reflective + Alligator) (percent) 50 5.00  -  - Pass

AC thermal cracking (ft/mile) 500.00 217.40 90.00 100.00 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 6319.90 90.00 36.91 Fail

Permanent deformation - AC only (in.) 0.40 0.44 90.00 79.87 Fail

Distress Prediction Summary

AC over JPCPDesign Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

May, 1990Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914

Design Outputs
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C: 1 D: 1

Reflective Cracking
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:
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Distress Charts
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.22
Mean annual precipitation (in.) 29.87
Freezing index (ºF - days) 712.28
Average annual number of freeze/thaw cycles: 67.21 Water table depth

(ft)
4.00
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 404.62
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 8.77e-007
2 9.61e-007
5 1.09e-006
10 1.19e-006
20 1.31e-006
50 1.47e-006
100 1.62e-006

14  ºF
1.13e-006
1.31e-006
1.61e-006
1.87e-006
2.18e-006
2.67e-006
3.11e-006

32  ºF
1.47e-006
1.87e-006
2.58e-006
3.28e-006
4.18e-006
5.75e-006
7.32e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 20.4

I-65 C2 Overlay - Alternative 44
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Revised Designs for PCCP Change\I-65 C2 Overlay - Alternative 44.dgpx

Report generated on: 
6/21/2016 11:20 AM Page 9 of 25

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-66

HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : LaPorte QC/QA
-HMA, 5, 76, Surface, 9.5 mm - 
SMA

Flexible (1) 1.00

Layer 2 Flexible : Asphalt 
concrete Flexible (1) 1.00

Layer 3 PCC : JPCP Default PCC (0) 1.00
Layer 4 Subgrade : Crushed 
Stone Subgrade (5) 1.00

Layer 5 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 3

Widened Slab
Is slab widened ? False
Slab width (ft) 12.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 20.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.25
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders False
Load transfer efficiency (%)  - 

Design Properties

JPCP Rehabilitation Properties

Modulus Subgrade Reaction
Is modulus of subgrade reaction measured? True
Month modulus of subgrade reaction measured 8
Dynamic modulus of subgrade reaction (psi/in.) 622.00

Slabs distressed/replaced before restoration (%) 1.00
Slabs repaired/replaced after restoration (%) 1.00
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HMA Layer 2: Layer 2 Flexible : Asphalt concrete
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HMA Layer 1: Layer 1 Flexible : LaPorte QC/QA-HMA, 5, 76, Surface, 9.5 mm - SMA
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Analysis Output Charts
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Layer 2 Flexible : Asphalt concrete

Parameter Value
Grade Superpave Performance Grade
Binder Type 76-22
A 9.715
VTS -3.208

Asphalt Binder

Gradation Percent Passing
3/4-inch sieve 97
3/8-inch sieve 69
No.4 sieve 43
No.200 sieve 2

Asphalt Dynamic Modulus (Input Level: 3)

Asphalt
Thickness (in.) 7.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 10
Air voids (%) 6
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier Asphalt concrete

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer Information
Layer 1 Flexible : LaPorte QC/QA-HMA, 5, 76, Surface, 9.5 mm - SMA

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 3647648
40 2415742
70 763973
100 228891
130 80754

25 Hz
5000000
4797248
2372323
989704
401763

1 Hz
4669504
3373281
1296571
438683
159253

10 Hz
5000000
4392981
2030073
796159
310900

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 160.0
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 13.4
Air voids (%) 7
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier LaPorte QC/QA-HMA, 5, 76, 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Subgrade : Crushed Stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 5.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
9248.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed Stone

Description of object Crushed Stone

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 PCC : JPCP Default

PCC
Thickness (in.) 10.0
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 510
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 101

Ultimate shrinkage 
(microstrain)

Calculated Internally? True
User Value  - 
Calculated Value 543.2

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier JPCP Default

Description of object

Author
Date Created 6/16/2016 2:09:56 PM
Approver
Date approved 6/16/2016 2:09:56 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
9248.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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C: 1 D: 1

Reflective Cracking
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible over PCC

C3: 0.0014 C4: 0.00825C1: 40.8 C2: 0.575

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients

I-65 C2 Overlay - Alternative 44
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Revised Designs for PCCP Change\I-65 C2 Overlay - Alternative 44.dgpx

Report generated on: 
6/21/2016 11:20 AM Page 24 of 25

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-81

       205



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 55

Distress Charts
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible
3" QC/QA HMA, 5, 
76, Surface 9.5mm, 
SMA, 9.5mm

3.0

Flexible
2.5" QC/QA HMA, 
5, 76, Intermediate 
19.0 mm

2.5

Flexible
275-250-330 #/SY 
QC/QA HMA, 5, 64, 
Base, 19.0mm

8.0

NonStabilized Crushed stone 11.0
Subgrade A-6 14.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 13.4

Air voids (%) 7.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 287.60 90.00 8.79 Fail

Permanent deformation - total pavement (in.) 0.75 0.76 90.00 88.99 Fail

AC bottom-up fatigue cracking (percent) 10.00 5.79 90.00 99.62 Pass

AC thermal cracking (ft/mile) 500.00 27.17 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 259.52 90.00 100.00 Pass

Permanent deformation - AC only (in.) 0.40 0.34 90.00 98.17 Pass

Distress Prediction Summary

Flexible PavementDesign Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

May, 2016Base construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914
41.707, -86.333
42.121, -87.905
41.914, -88.246

Design Outputs
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase does not apply

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour does not apply

Tabular Representation of Traffic Inputs
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.79
Mean annual precipitation (in.) 30.60
Freezing index (ºF - days) 653.48
Average annual number of freeze/thaw cycles: 61.98 Water table depth

(ft)
10.00
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : 3" QC/QA HMA, 
5, 76, Surface 9.5mm, SMA, 
9.5mm

Flexible (1) 1.00

Layer 2 Flexible : 2.5" QC/QA 
HMA, 5, 76, Intermediate 19.0 
mm

Flexible (1) 1.00

Layer 3 Flexible : 275-250-330 
#/SY QC/QA HMA, 5, 64, Base, 
19.0mm

Flexible (1) 1.00

Layer 4 Non-stabilized Base : 
Crushed stone Non-stabilized Base (4) 1.00

Layer 5 Subgrade : A-6 Subgrade (5) 1.00
Layer 6 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

Structure - ICM Properties
AC surface shortwave absorptivity 0.85

Design Properties
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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HMA Layer 1: Layer 1 Flexible : 3" QC/QA HMA, 5, 76, Surface 9.5mm, SMA, 9.5mm
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 404.62
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 8.77e-007
1 1.13e-006
2 9.61e-007
2 1.31e-006
5 1.09e-006
5 1.61e-006
10 1.19e-006

-4  ºF
8.77e-007
1.47e-006
9.61e-007
1.87e-006
1.09e-006
2.58e-006
1.19e-006

14  ºF
1.13e-006
1.47e-006
1.31e-006
1.87e-006
1.61e-006
2.58e-006
1.87e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 20.4
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HMA Layer 3: Layer 3 Flexible : 275-250-330 #/SY QC/QA HMA, 5, 64, Base, 19.0mm
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HMA Layer 2: Layer 2 Flexible : 2.5" QC/QA HMA, 5, 76, Intermediate 19.0 mm
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Analysis Output Charts
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Layer Information
Layer 1 Flexible : 3" QC/QA HMA, 5, 76, Surface 9.5mm, SMA, 9.5mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 3647648
40 2415742
70 763973
100 228891
130 80754

25 Hz
5000000
4797248
2372323
989704
401763

1 Hz
4669504
3373281
1296571
438683
159253

10 Hz
5000000
4392981
2030073
796159
310900

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 3.0
Unit weight (pcf) 160.0
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 13.4
Air voids (%) 7
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier 3" QC/QA HMA, 5, 76, Surface 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Flexible : 275-250-330 #/SY QC/QA HMA, 5, 64, Base, 19.0mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 25339156.98 34.85
55 9930922.35 46.6
70 2585999.72 55.79
85 613653.8 63
100 149927.8 68.71
115 39662.01 73.23
130 11579.02 76.83

T ( ºF) 0.1 Hz
10 2979507
40 1960005
70 249172
100 51267
130 25880

25 Hz
5000000
3408679
1330032
429158
157714

1 Hz
3637477
2530031
602243
131480
48780

10 Hz
4026752
2976767
1061925
310103
111016

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 8.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 9.53
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier 275-250-330 #/SY QC/QA HMA, 5, 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 2 Flexible : 2.5" QC/QA HMA, 5, 76, Intermediate 19.0 mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 2785639
40 2446711
70 490152
100 96515
130 37445

25 Hz
4863576
2900603
1225069
460768
190406

1 Hz
3444764
2488049
763705
199613
72052

10 Hz
3998971
2605196
1037088
360215
142777

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 2.5
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 9.53
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier 2.5" QC/QA HMA, 5, 76, 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 14.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
6000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 3.0
#100
#80
#60
#50
#40
#30 12.5
#20
#16
#10
#8 25.0
#4 30.0
3/8-in.
1/2-in. 42.5
3/4-in. 60.0
1-in. 80.0
1 1/2-in. 100.0
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 2.0621
bf 3.3404
cf 0.9439
hr 106.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 122.4

Saturated hydraulic conductivity 
(ft/hr) False 3.415e+00

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 9.8

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 11.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
25000.0

Modulus (Input Level: 3)

Analysis Type: Modify input values by 
temperature/moisture

Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24 * Pow(RUT,0.8026) + 0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 0.75 Bc2:1.1

CSM Fatigue

I-65 C2 FD Optimized Trial 93
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Layer 6 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in. 97.4
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2017 (1 years) 3,767,510
2018 (2 years) 7,572,700

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible PG76-22 HMA 
Surface 9.5mm 1.5

Flexible HMA 10.0
Subgrade A-6 6.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 11.6

Air voids (%) 8.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 156.01 90.00 92.01 Pass

Permanent deformation - total pavement (in.) 0.50 0.79 90.00 8.55 Fail

Total Cracking (Reflective + Alligator) (percent) 10 27.96  -  - Fail

AC thermal cracking (ft/mile) 500.00 27.17 90.00 100.00 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 379.12 90.00 100.00 Pass

Permanent deformation - AC only (in.) 0.40 0.30 90.00 99.75 Pass

Distress Prediction Summary

Distress Charts

AC over ACDesign Type:
2 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: June, 2016

May, 2014Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914

Design Outputs

I-65 C2 OS Shldrs-Proposed MOT Treatment
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13 + 13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 0 C2: 75

CSM Cracking

C4: 3C3: 5

CTB*1
CSM Standard Deviation

IRI Flexible Pavements

C3: 0.008 C4: 0.015C1: 40 C2: 0.4

I-65 C2 FD Optimized Trial 93
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Revised Designs for Addendum 1\I-65 C2 FD Optimized Trial 93.dgpx

Report generated on: 
7/12/2016 7:53 AM Page 25 of 25

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-107

       218



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 68

Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase does not apply

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour does not apply

Tabular Representation of Traffic Inputs

I-65 C2 OS Shldrs-Proposed MOT Treatment
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\I-65 C2 OS Shldrs-Proposed MOT Treatment.dgpx

Report generated on: 
6/21/2016 1:59 PM Page 3 of 21

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-110

Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 55.0

Percent of trucks in design direction (%): 57.0
90.02 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 54.23
Mean annual precipitation (in.) 27.49
Freezing index (ºF - days) 453.96
Average annual number of freeze/thaw cycles: 66.35 Water table depth

(ft)
4.00

I-65 C2 OS Shldrs-Proposed MOT Treatment
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced

I-65 C2 OS Shldrs-Proposed MOT Treatment
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HMA Design Properties

HMA Rehabilitation (Input Level: 3)

Milled thickness (in.)  - 
Fatigue cracking (%)  - 
Pavement rating Fair
Total rut depth (in.) 0.00

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : PG76-22 HMA 
Surface 9.5mm Flexible (1) 1.00

Layer 2 Flexible : HMA(existing) Flexible (1) 1.00
Layer 3 Subgrade : A-6 Subgrade (5) 1.00
Layer 4 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

Structure - ICM Properties
AC surface shortwave absorptivity 0.85

Design Properties

I-65 C2 OS Shldrs-Proposed MOT Treatment
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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HMA Layer 1: Layer 1 Flexible : PG76-22 HMA Surface 9.5mm

I-65 C2 OS Shldrs-Proposed MOT Treatment
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 467.26
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 6.73e-007
2 7.41e-007
5 8.40e-007
10 9.25e-007
20 1.02e-006
50 1.15e-006
100 1.27e-006

14  ºF
9.61e-007
1.12e-006
1.38e-006
1.61e-006
1.88e-006
2.31e-006
2.70e-006

32  ºF
1.32e-006
1.69e-006
2.33e-006
2.98e-006
3.81e-006
5.27e-006
6.74e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 19.6
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Analysis Output Charts
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HMA Layer 2: Layer 2 Flexible : HMA(existing)
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Layer 2 Flexible : HMA(existing)

Parameter Value
Grade Superpave Performance Grade
Binder Type 76-22
A 9.715
VTS -3.208

Asphalt Binder

Gradation Percent Passing
3/4-inch sieve 97
3/8-inch sieve 69
No.4 sieve 43
No.200 sieve 2

Asphalt Dynamic Modulus (Input Level: 3)

Asphalt
Thickness (in.) 10.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 10
Air voids (%) 6
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier HMA

Description of object

Author
Date Created 10/30/2010 1:00:00 AM
Approver
Date approved 10/30/2010 1:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer Information
Layer 1 Flexible : PG76-22 HMA Surface 9.5mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 1922414
40 1696544
70 360428
100 75322
130 30281

25 Hz
3289403
1998998
871404
339650
144957

1 Hz
2359663
1724379
552631
151689
56848

10 Hz
2741196
1802622
742187
267916
109847

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 142.6
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 11.61
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 HMA Surface 9.5mm

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 16.0

33.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 63.2
#100
#80 73.5
#60
#50
#40 82.4
#30
#20
#16
#10 90.2
#8
#4 93.5
3/8-in. 96.4
1/2-in. 97.4
3/4-in. 98.4
1-in. 99.0
1 1/2-in. 99.5
2-in. 99.8
2 1/2-in.
3-in.
3 1/2-in. 100.0

Is User Defined? False
af 108.4091
bf 0.6801
cf 0.2161
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 107.9

Saturated hydraulic conductivity 
(ft/hr) False 1.95e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 17.1

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Subgrade : A-6

Liquid Limit
Plasticity Index 16.0

33.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 63.2
#100
#80 73.5
#60
#50
#40 82.4
#30
#20
#16
#10 90.2
#8
#4 93.5
3/8-in. 96.4
1/2-in. 97.4
3/4-in. 98.4
1-in. 99.0
1 1/2-in. 99.5
2-in. 99.8
2 1/2-in.
3-in.
3 1/2-in. 100.0

Is User Defined? False
af 108.4091
bf 0.6801
cf 0.2161
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 107.9

Saturated hydraulic conductivity 
(ft/hr) False 1.95e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 17.1

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Modify input values by 
temperature/moisture

Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible Pavements

C3: 0.008 C4: 0.015C1: 40 C2: 0.4

C: 1 D: 1

Reflective Cracking
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 55.0

Percent of trucks in design direction (%): 53.0
40.02 Percent of trucks in design lane (%):Number of lanes in design direction:

1,096Initial two-way AADTT:

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 1,096
2017 (1 years) 84,866
2018 (2 years) 176,522

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible PG76-22 9.5mm 
Surface 1.5

Flexible HMA 4.0
Subgrade A-6 6.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 11.6

Air voids (%) 8.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 149.93 90.00 94.58 Pass

Permanent deformation - total pavement (in.) 0.50 0.62 90.00 48.27 Fail

Total Cracking (Reflective + Alligator) (percent) 10 26.62  -  - Fail

AC thermal cracking (ft/mile) 500.00 27.17 90.00 100.00 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 4338.96 90.00 67.93 Fail

Permanent deformation - AC only (in.) 0.40 0.11 90.00 100.00 Pass

Distress Prediction Summary

Distress Charts

AC over ACDesign Type:
2 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: June, 2016

May, 2014Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914

Design Outputs

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase does not apply

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.7 0.29 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.18 0.18 0.63 0.18
Class 8 2.21 0.78 0 0
Class 9 1.48 1.75 0 0

Class 10 1.08 0.99 0.94 0.03
Class 11 4.43 0.03 0.16 0
Class 12 3.29 1.09 0.17 0
Class 13 2.7 1.22 0.43 0.24

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.7 0.9 0.6 0.7 0.5 0.7 0.5 0.4 0.8 0.7
February 0.9 1.2 0.7 0.7 0.7 0.8 0.9 1.2 1.3 1.0
March 0.9 1.0 0.8 0.7 0.8 1.0 1.3 1.4 1.1 1.4
April 1.0 1.0 1.2 1.4 1.0 1.1 1.0 0.9 0.5 2.4
May 1.1 1.0 1.2 1.5 1.1 1.0 1.2 0.9 0.7 0.6
June 1.2 1.0 1.2 1.3 1.3 1.1 1.3 1.1 2.0 1.4
July 0.9 1.0 1.1 1.3 1.3 1.0 1.0 0.9 0.9 0.7
August 1.3 1.0 1.2 1.1 1.3 1.1 0.8 1.1 1.0 1.3
September 1.2 1.1 1.1 1.0 1.3 1.1 1.4 1.7 1.3 1.1
October 1.1 1.0 1.1 1.1 1.1 1.1 1.2 0.9 1.1 0.3
November 1.0 1.1 0.9 0.7 0.9 1.1 0.8 0.8 0.7 0.5
December 0.7 0.8 0.9 0.7 0.7 1.0 0.8 0.7 0.7 0.5

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound
8% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.1%
Class 5 37.3%
Class 6 5.2%
Class 7 2.4%
Class 8 5.3%
Class 9 46.9%
Class 10 0.7%
Class 11 0.6%
Class 12 0.2%
Class 13 0.3%

Truck Distribution by Hour does not apply

Tabular Representation of Traffic Inputs
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 54.23
Mean annual precipitation (in.) 27.49
Freezing index (ºF - days) 453.96
Average annual number of freeze/thaw cycles: 66.35 Water table depth

(ft)
4.00

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 467.26
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 6.73e-007
2 7.41e-007
5 8.40e-007
10 9.25e-007
20 1.02e-006
50 1.15e-006
100 1.27e-006

14  ºF
9.61e-007
1.12e-006
1.38e-006
1.61e-006
1.88e-006
2.31e-006
2.70e-006

32  ºF
1.32e-006
1.69e-006
2.33e-006
2.98e-006
3.81e-006
5.27e-006
6.74e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 19.6

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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HMA Design Properties

HMA Rehabilitation (Input Level: 3)

Milled thickness (in.)  - 
Fatigue cracking (%)  - 
Pavement rating Fair
Total rut depth (in.) 0.00

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : PG76-22 
9.5mm Surface Flexible (1) 1.00

Layer 2 Flexible : HMA(existing) Flexible (1) 1.00
Layer 3 Subgrade : A-6 Subgrade (5) 1.00
Layer 4 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

Structure - ICM Properties
AC surface shortwave absorptivity 0.85

Design Properties

US 231 OS Shldrs-Proposed Condition (LowTrucks)
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\US 231 OS Shldrs-Proposed Condition (LowTrucks).dgpx

Report generated on: 
6/22/2016 7:40 AM Page 7 of 21

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-135

       232



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 82

HMA Layer 2: Layer 2 Flexible : HMA(existing)
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Analysis Output Charts
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Layer Information
Layer 1 Flexible : PG76-22 9.5mm Surface

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 1922414
40 1696544
70 360428
100 75322
130 30281

25 Hz
3289403
1998998
871404
339650
144957

1 Hz
2359663
1724379
552631
151689
56848

10 Hz
2741196
1802622
742187
267916
109847

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 142.6
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 11.61
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 9.5mm Surface

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

US 231 OS Shldrs-Proposed Condition (LowTrucks)
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\US 231 OS Shldrs-Proposed Condition (LowTrucks).dgpx
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Layer 3 Subgrade : A-6

Liquid Limit
Plasticity Index 16.0

33.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 63.2
#100
#80 73.5
#60
#50
#40 82.4
#30
#20
#16
#10 90.2
#8
#4 93.5
3/8-in. 96.4
1/2-in. 97.4
3/4-in. 98.4
1-in. 99.0
1 1/2-in. 99.5
2-in. 99.8
2 1/2-in.
3-in.
3 1/2-in. 100.0

Is User Defined? False
af 108.4091
bf 0.6801
cf 0.2161
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 107.9

Saturated hydraulic conductivity 
(ft/hr) False 1.95e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 17.1

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Modify input values by 
temperature/moisture

Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

US 231 OS Shldrs-Proposed Condition (LowTrucks)
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\US 231 OS Shldrs-Proposed Condition (LowTrucks).dgpx
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Layer 2 Flexible : HMA(existing)

Parameter Value
Grade Superpave Performance Grade
Binder Type 64-22
A 10.98
VTS -3.68

Asphalt Binder

Gradation Percent Passing
3/4-inch sieve 97
3/8-inch sieve 69
No.4 sieve 43
No.200 sieve 2

Asphalt Dynamic Modulus (Input Level: 3)

Asphalt
Thickness (in.) 4.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 10
Air voids (%) 6
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier HMA

Description of object

Author
Date Created 10/30/2010 1:00:00 AM
Approver
Date approved 10/30/2010 1:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

US 231 OS Shldrs-Proposed Condition (LowTrucks)
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\US 231 OS Shldrs-Proposed Condition (LowTrucks).dgpx
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 16.0

33.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 63.2
#100
#80 73.5
#60
#50
#40 82.4
#30
#20
#16
#10 90.2
#8
#4 93.5
3/8-in. 96.4
1/2-in. 97.4
3/4-in. 98.4
1-in. 99.0
1 1/2-in. 99.5
2-in. 99.8
2 1/2-in.
3-in.
3 1/2-in. 100.0

Is User Defined? False
af 108.4091
bf 0.6801
cf 0.2161
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 107.9

Saturated hydraulic conductivity 
(ft/hr) False 1.95e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 17.1

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

US 231 OS Shldrs-Proposed Condition (LowTrucks)
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\MOT Shoulders - Revised\US 231 OS Shldrs-Proposed Condition (LowTrucks).dgpx
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2017 (1 years) 3,767,510
2018 (2 years) 7,572,700

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible PG76-22 HMA 
Surface 9.5mm 1.5

Flexible
PG76-22 HMA 
Intermediate 
19.0mm

7.0

NonStabilized Crushed stone 4.0
Subgrade A-6 6.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 11.6

Air voids (%) 8.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 120.00 137.01 90.00 75.46 Fail

Permanent deformation - total pavement (in.) 0.50 0.82 90.00 4.73 Fail

AC bottom-up fatigue cracking (percent) 10.00 22.83 90.00 64.30 Fail

AC thermal cracking (ft/mile) 500.00 27.17 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 994.15 90.00 99.94 Pass

Permanent deformation - AC only (in.) 0.25 0.28 90.00 78.79 Fail

Distress Prediction Summary

Flexible PavementDesign Type:
2 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: June, 2016

May, 2016Base construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914

Design Outputs

I-65 C2 Crossover Pavement - 7
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible Pavements

C3: 0.008 C4: 0.015C1: 40 C2: 0.4

C: 1 D: 1

Reflective Cracking

US 231 OS Shldrs-Proposed Condition (LowTrucks)
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 55.0

Percent of trucks in design direction (%): 57.0
90.02 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:

I-65 C2 Crossover Pavement - 7
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Distress Charts
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase does not apply

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour does not apply

Tabular Representation of Traffic Inputs
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 54.21
Mean annual precipitation (in.) 27.46
Freezing index (ºF - days) 438.02
Average annual number of freeze/thaw cycles: 66.35 Water table depth

(ft)
4.00
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 467.26
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 6.73e-007
1 9.61e-007
2 7.41e-007
2 1.12e-006
5 8.40e-007
5 1.38e-006
10 9.25e-007

-4  ºF
6.73e-007
1.32e-006
7.41e-007
1.69e-006
8.40e-007
2.33e-006
9.25e-007

14  ºF
9.61e-007
1.32e-006
1.12e-006
1.69e-006
1.38e-006
2.33e-006
1.61e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 19.6
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HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : PG76-22 HMA 
Surface 9.5mm Flexible (1) 1.00

Layer 2 Flexible : PG76-22 HMA 
Intermediate 19.0mm Flexible (1) 1.00

Layer 3 Non-stabilized Base : 
Crushed stone Non-stabilized Base (4) 1.00

Layer 4 Subgrade : A-6 Subgrade (5) 1.00
Layer 5 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

Structure - ICM Properties
AC surface shortwave absorptivity 0.85

Design Properties
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HMA Layer 2: Layer 2 Flexible : PG76-22 HMA Intermediate 19.0mm
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HMA Layer 1: Layer 1 Flexible : PG76-22 HMA Surface 9.5mm
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Analysis Output Charts

I-65 C2 Crossover Pavement - 7
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Crossover\I-65 C2 Crossover Pavement - 7.dgpx

Report generated on: 
7/12/2016 7:25 AM Page 12 of 23

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-161

       245



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 95

I-65 C2 Crossover Pavement - 7
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Crossover\I-65 C2 Crossover Pavement - 7.dgpx

Report generated on: 
7/12/2016 7:25 AM Page 15 of 23

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-164

I-65 C2 Crossover Pavement - 7
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Crossover\I-65 C2 Crossover Pavement - 7.dgpx

Report generated on: 
7/12/2016 7:25 AM Page 14 of 23

by:    
on: 5/9/2016 10:08 AM on: 5/9/2016 10:08 AM

by:    Created Approved

Pavement Design Report Appendix C

C-163

       246



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 96

Layer Information
Layer 1 Flexible : PG76-22 HMA Surface 9.5mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 1922414
40 1696544
70 360428
100 75322
130 30281

25 Hz
3289403
1998998
871404
339650
144957

1 Hz
2359663
1724379
552631
151689
56848

10 Hz
2741196
1802622
742187
267916
109847

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 142.6
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 11.61
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 HMA Surface 9.5mm

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 4.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
25000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 2 Flexible : PG76-22 HMA Intermediate 19.0mm

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 2785639
40 2446711
70 490152
100 96515
130 37445

25 Hz
4863576
2900603
1225069
460768
190406

1 Hz
3444764
2488049
763705
199613
72052

10 Hz
3998971
2605196
1037088
360215
142777

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 7.0
Unit weight (pcf) 143.8
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 9.53
Air voids (%) 8
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 HMA Intermediate 

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
4000.0

Modulus (Input Level: 3)

Analysis Type: Modify input values by 
temperature/moisture

Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*1
CSM Standard Deviation

IRI Flexible Pavements

C3: 0.008 C4: 0.015C1: 40 C2: 0.4
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Distress Charts
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible PG76-22 Surface 
SMA 1.5

PCC Existing PCCP 13.5
NonStabilized Crushed stone 3.0
NonStabilized Crushed stone 6.0
Subgrade A-6 24.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 13.4

Air voids (%) 7.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 195.85 90.00 63.22 Fail

Permanent deformation - total pavement (in.) 0.75 0.20 90.00 100.00 Pass

Total Cracking (Reflective + Alligator) (percent) 50 6.67  -  - Pass

AC thermal cracking (ft/mile) 500.00 217.41 90.00 100.00 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 256.52 90.00 100.00 Pass

Permanent deformation - AC only (in.) 0.40 0.20 90.00 100.00 Pass

Distress Prediction Summary

AC over JPCPDesign Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

May, 2000Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914
41.707, -86.333
42.121, -87.905
41.914, -88.246

Design Outputs
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:

I-65 C PCCP Overlay Alternative 1
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Overlay Of PCCP\I-65 C PCCP Overlay Alternative 1.dgpx

Report generated on: 
7/19/2016 10:06 AM Page 3 of 25

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-175

       252



I-65 NORTHWEST INDIANA
MAJOR MOVES 2020 EXPANSION PROJECT

PAVEMENT DESIGN REPORT  | 102

Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.55
Mean annual precipitation (in.) 29.78
Freezing index (ºF - days) 677.11
Average annual number of freeze/thaw cycles: 62.54 Water table depth

(ft)
10.00
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : PG76-22 
Surface SMA Flexible (1) 1.00

Layer 2 PCC : Existing PCCP PCC (0) 1.00
Layer 3 Non-stabilized Base : 
Crushed stone Non-stabilized Base (4) 1.00

Layer 4 Non-stabilized Base : 
Crushed stone Non-stabilized Base (4) 1.00

Layer 5 Subgrade : A-6 Subgrade (5) 1.00
Layer 6 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 2

Widened Slab
Is slab widened ? False
Slab width (ft) 12.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 15.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.25
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders True
Load transfer efficiency (%) 60.00

Design Properties

JPCP Rehabilitation Properties

Modulus Subgrade Reaction
Is modulus of subgrade reaction measured? False
Month modulus of subgrade reaction measured  - 
Dynamic modulus of subgrade reaction (psi/in.)  - 

Slabs distressed/replaced before restoration (%) 0.00
Slabs repaired/replaced after restoration (%) 0.00

I-65 C PCCP Overlay Alternative 1
File Name: C:\Users\p009729B\Documents\My ME Design\Projects\I-65 Northwest\Overlay Of PCCP\I-65 C PCCP Overlay Alternative 1.dgpx

Report generated on: 
7/19/2016 10:06 AM Page 8 of 25

by:    
on: 4/22/2016 9:41 AM on: 4/22/2016 9:41 AM

by:    Created Approved

Pavement Design Report Appendix C

C-180

< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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HMA Layer 1: Layer 1 Flexible : PG76-22 Surface SMA
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 404.62
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 8.77e-007
1 1.13e-006
2 9.61e-007
2 1.31e-006
5 1.09e-006
5 1.61e-006
10 1.19e-006

-4  ºF
8.77e-007
1.47e-006
9.61e-007
1.87e-006
1.09e-006
2.58e-006
1.19e-006

14  ºF
1.13e-006
1.47e-006
1.31e-006
1.87e-006
1.61e-006
2.58e-006
1.87e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 20.4
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Analysis Output Charts
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Layer 2 PCC : Existing PCCP

PCC
Thickness (in.) 13.5
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 510
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 101.3

Ultimate shrinkage 
(microstrain)

Calculated Internally? True
User Value  - 
Calculated Value 543.2

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier Existing PCCP

Description of object

Author
Date Created 7/18/2016 12:06:59 PM
Approver
Date approved 7/18/2016 12:06:59 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28
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Layer Information
Layer 1 Flexible : PG76-22 Surface SMA

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 3647648
40 2415742
70 763973
100 228891
130 80754

25 Hz
5000000
4797248
2372323
989704
401763

1 Hz
4669504
3373281
1296571
438683
159253

10 Hz
5000000
4392981
2030073
796159
310900

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 160.0
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 13.4
Air voids (%) 7
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 Surface SMA

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 4 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.7

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
30000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.2

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) 3.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
25000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 6 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
3000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 5 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 24.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
6000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible over PCC

C3: 0.0014 C4: 0.00825C1: 40.8 C2: 0.575

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Design Inputs

Age (year) Heavy Trucks 
(cumulative)

2016 (initial) 20,107
2041 (25 years) 70,937,800
2066 (50 years) 161,911,000

TrafficDesign Structure

Layer type Material Type Thickness (in.):

Flexible PG76-22 Surface 
SMA 1.5

PCC Existing PCCP 9.5
NonStabilized Crushed stone 6.0
Subgrade A-6 Semi-infinite

Volumetric at Construction:
Effective binder 
content (%) 13.4

Air voids (%) 7.0

Distress Type
Distress @ Specified 

Reliability Reliability (%) Criterion 
Satisfied?

Target Predicted Target Achieved
Terminal IRI (in./mile) 160.00 195.33 90.00 63.67 Fail

Permanent deformation - total pavement (in.) 0.75 0.18 90.00 100.00 Pass

Total Cracking (Reflective + Alligator) (percent) 50 6.67  -  - Pass

AC thermal cracking (ft/mile) 500.00 217.41 90.00 100.00 Pass

JPCP transverse cracking (percent slabs) 10.00 3.83 90.00 99.96 Pass

AC bottom-up fatigue cracking (percent) 10.00 1.45 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 2500.00 256.48 90.00 100.00 Pass

Permanent deformation - AC only (in.) 0.40 0.18 90.00 100.00 Pass

Distress Prediction Summary

AC over JPCPDesign Type:
50 yearsDesign Life:

September, 2016Traffic opening:
Pavement construction: July, 2016

May, 2000Existing construction: Climate Data 
Sources (Lat/Lon)

41.453, -87.006
41.786, -87.752
41.986, -87.914
41.707, -86.333
42.121, -87.905
41.914, -88.246

Design Outputs
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C: 1 D: 1

Reflective Cracking
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Traffic Volume Monthly Adjustment Factors

Class 4 Class 5 Class 6 Class 7 Class 8 Class 9 Class 10 Class 11 Class 12 Class 13

Graphical Representation of Traffic Inputs

Traffic Inputs

Operational speed (mph) 65.0

Percent of trucks in design direction (%): 57.0
60.03 Percent of trucks in design lane (%):Number of lanes in design direction:

20,107Initial two-way AADTT:
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Distress Charts
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AADTT (Average Annual Daily Truck Traffic) Growth
* Traffic cap is not enforced
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Traffic Wander
Mean wheel location (in.)

Traffic wander standard deviation (in.)
Design lane width (ft)

18

10
12

Axle Configuration
Average axle width (ft) 8.5

Dual tire spacing (in.)
Tire pressure (psi)

12
120

Average Axle Spacing
Tandem axle 
spacing (in.)
Tridem axle 
spacing (in.)
Quad axle spacing 
(in.)

51.6

49.2

49.2

Wheelbase

Short
Axle Type

Value Type Medium Long

1512Average spacing of axles 
(ft) 18

Percent of Trucks (%) 33 3433

Number of Axles per Truck

Vehicle 
Class

Single 
Axle

Tandem 
Axle

Tridem 
Axle

Quad 
Axle

Class 4 1.6 0.39 0 0
Class 5 2 0 0 0
Class 6 1 1 0 0
Class 7 1.29 0.29 0.5 0.19
Class 8 2.19 0.8 0 0
Class 9 1.37 1.8 0 0

Class 10 1.05 1.02 0.96 0.01
Class 11 4.71 0.08 0.03 0
Class 12 3.94 0.99 0.01 0
Class 13 2.73 1.25 0.41 0.2

Axle Configuration

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7  8 9 10 11 12 13

January 0.5 0.8 0.6 0.6 0.6 0.7 0.6 0.9 0.7 1.7
February 0.6 0.9 0.6 0.7 0.6 0.8 0.6 1.0 0.7 0.8
March 0.8 1.1 0.8 1.2 0.8 0.9 0.8 1.0 0.8 0.7
April 1.0 1.2 0.9 0.7 1.1 1.0 1.0 0.9 0.9 0.9
May 1.1 1.2 1.1 0.9 1.2 1.1 1.1 1.0 1.0 0.8
June 1.4 1.2 1.3 1.2 1.4 1.2 1.3 1.1 1.2 1.2
July 1.2 1.1 1.5 1.3 1.1 1.1 1.2 1.0 1.1 0.9
August 1.3 1.1 1.3 1.3 1.3 1.3 1.3 1.1 1.3 1.2
September 1.0 0.9 1.0 1.3 1.0 0.9 1.2 0.9 1.1 1.0
October 1.1 0.9 1.1 1.3 1.2 1.1 1.1 1.1 1.2 1.1
November 1.1 0.8 1.0 0.8 0.9 1.0 1.0 1.0 1.1 0.9
December 0.9 0.8 0.8 0.8 0.9 0.9 0.7 1.0 1.0 0.8

Distributions by Vehicle Class

Growth Factor

Rate (%) Function
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound
1% Compound

Vehicle Class
AADTT 

Distribution (%) 
(Level 3)

Class 4 1.4%
Class 5 34.1%
Class 6 2.8%
Class 7 0.9%
Class 8 3.4%
Class 9 54.2%
Class 10 0.4%
Class 11 2.1%
Class 12 0.6%
Class 13 0.1%

Truck Distribution by Hour

Hour Distribution 
(%)

12 AM 2.2%
1 AM 1.9%
2 AM 1.8%
3 AM 1.9%
4 AM 2.3%
5 AM 3%
6 AM 4%
7 AM 4.6%
8 AM 4.9%
9 AM 5.1%
10 AM 5.3%
11 AM 5.5%

Hour Distribution 
(%)

12 PM 5.6%
1 PM 5.7%
2 PM 5.9%
3 PM 6%
4 PM 5.9%
5 PM 5.7%
6 PM 5%
7 PM 4.4%
8 PM 4%
9 PM 3.6%
10 PM 3.1%
11 PM 2.6%
Total 100%

Tabular Representation of Traffic Inputs
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< -13º F

Hourly Air Temperature Distribution by Month:

-13º F to -4º F -4º F to 5º F 5º F to 14º F 14º F to 23º F 23º F to 32º F 32º F to 41º F 41º F to 50º F

59º F to 68º F50º F to 59º F 68º F to 77º F 77º F to 86º F 86º F to 95º F 95º F to 104º F 104º F to 113º 
F

> 113º F
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Climate Inputs

Climate Data Sources:

Climate Station Cities: Location (lat lon elevation(ft))
41.45300 -87.00600 770VALPARAISO, IN

41.78600 -87.75200 612CHICAGO, IL
CHICAGO, IL 41.98600 -87.91400 662

Monthly Climate Summary:

Annual Statistics:

Mean annual air temperature (ºF) 50.55
Mean annual precipitation (in.) 29.78
Freezing index (ºF - days) 677.11
Average annual number of freeze/thaw cycles: 62.54 Water table depth

(ft)
10.00
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Thermal Cracking (Input Level: 3)

Indirect tensile strength at 14 ºF (psi) 404.62
Creep Compliance (1/psi) 

Loading time (sec) -4  ºF
1 8.77e-007
2 9.61e-007
5 1.09e-006
10 1.19e-006
20 1.31e-006
50 1.47e-006
100 1.62e-006

14  ºF
1.13e-006
1.31e-006
1.61e-006
1.87e-006
2.18e-006
2.67e-006
3.11e-006

32  ºF
1.47e-006
1.87e-006
2.58e-006
3.28e-006
4.18e-006
5.75e-006
7.32e-006

Thermal Contraction
Is thermal contraction calculated? True

Mix coefficient of thermal contraction (in./in./ºF)  - 
Aggregate coefficient of thermal contraction 
(in./in./ºF) 6.1e-006

Voids in Mineral Aggregate (%) 20.4
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HMA Design Properties

Layer Name Layer Type Interface 
Friction

Layer 1 Flexible : PG76-22 
Surface SMA Flexible (1) 1.00

Layer 2 PCC : Existing PCCP PCC (0) 1.00
Layer 3 Non-stabilized Base : 
Crushed stone Non-stabilized Base (4) 1.00

Layer 4 Subgrade : A-6 Subgrade (5)  - 

Use Multilayer Rutting Model False
Using G* based model (not nationally 
calibrated) False

Is NCHRP 1-37A HMA Rutting Model 
Coefficients True

Endurance Limit  - 
Use Reflective Cracking True

JPCP Design Properties

PCC-Base Contact Friction
PCC-Base full friction contact True
Months until friction loss 600.00

Structure - ICM Properties
PCC surface shortwave 
absorptivity 0.85

Erodibility index 2

Widened Slab
Is slab widened ? False
Slab width (ft) 12.00

PCC joint spacing (ft)
Is joint spacing random ? False
Joint spacing (ft) 15.00

Sealant type
Other(Including No 
Sealant... Liquid... 
Silicone)

Doweled Joints
Is joint doweled ? True
Dowel diameter (in.) 1.25
Dowel spacing (in.) 12.00

Permanent curl/warp effective temperature difference (ºF) -10.00

Tied Shoulders
Tied shoulders False
Load transfer efficiency (%)  - 

Design Properties

JPCP Rehabilitation Properties

Modulus Subgrade Reaction
Is modulus of subgrade reaction measured? False
Month modulus of subgrade reaction measured  - 
Dynamic modulus of subgrade reaction (psi/in.)  - 

Slabs distressed/replaced before restoration (%) 0.00
Slabs repaired/replaced after restoration (%) 0.00
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Analysis Output Charts
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HMA Layer 1: Layer 1 Flexible : PG76-22 Surface SMA
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Layer Information
Layer 1 Flexible : PG76-22 Surface SMA

Asphalt Binder

Temperature (ºF) Binder Gstar (Pa) Phase angle (deg)
40 19627632.35 32.71
55 9199787.41 42.43
70 3072091.94 50.32
85 926086.84 56.76
100 278615.81 62.04
115 87586.86 66.4
130 29373.15 70.01

T ( ºF) 0.1 Hz
10 3647648
40 2415742
70 763973
100 228891
130 80754

25 Hz
5000000
4797248
2372323
989704
401763

1 Hz
4669504
3373281
1296571
438683
159253

10 Hz
5000000
4392981
2030073
796159
310900

Asphalt Dynamic Modulus (Input Level: 1)

Asphalt
Thickness (in.) 1.5
Unit weight (pcf) 160.0
Poisson's ratio Is Calculated? False

Ratio 0.35
Parameter A  - 
Parameter B  - 

General Info

Name Value
Reference temperature (ºF) 70
Effective binder content (%) 13.4
Air voids (%) 7
Thermal conductivity (BTU/hr-ft-ºF) 0.63
Heat capacity (BTU/lb-ºF) 0.31

Field Value
Display name/identifier PG76-22 Surface SMA

Description of object

Author
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 3 Non-stabilized Base : Crushed stone

Liquid Limit
Plasticity Index 1.0

6.0

Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6

Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) False 127.7

Saturated hydraulic conductivity 
(ft/hr) False 5.054e-02

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) False 7.4

User-defined Soil Water Characteristic Curve 
(SWCC)

TrueIs layer compacted?

Unbound
Layer thickness (in.) 6.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
30000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier Crushed stone

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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Layer 2 PCC : Existing PCCP

PCC
Thickness (in.) 9.5
Unit weight (pcf) 145.0
Poisson's ratio 0.2

Mix
Cement type Type I (1)
Cementitious material content (lb/yd^3) 510
Water to cement ratio 0.42
Aggregate type Limestone (1)
PCC zero-stress 
temperature (ºF)

Calculated Internally? True
User Value  - 
Calculated Value 101.3

Ultimate shrinkage 
(microstrain)

Calculated Internally? True
User Value  - 
Calculated Value 541.4

Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 
(days) 35

Curing method Curing Compound

Field Value
Display name/identifier Existing PCCP

Description of object

Author
Date Created 7/18/2016 12:06:59 PM
Approver
Date approved 7/18/2016 12:06:59 PM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers

28-Day PCC modulus of rupture (psi) 700.0
28-Day PCC elastic modulus (psi)  - 

PCC strength and modulus (Input Level: 3)

Thermal
PCC coefficient of thermal expansion (in./in./ºF 
x 10^-6) 5.4

PCC thermal conductivity (BTU/hr-ft-ºF) 1.25
PCC heat capacity (BTU/lb-ºF) 0.28
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Calibration Coefficients

k1: 0.007566
k2: 3.9492
k3: 1.281
Bf1: 1
Bf2: 1
Bf3: 1

AC Fatigue

AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1
0.24*Pow(RUT,0.8026)+0.001

AC Rutting

AC Rutting Standard Deviation

Level 1 K: 1.5
Level 2 K: 0.5
Level 3 K: 1.5

Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 Standard Deviation: 0.2841 *THERMAL + 55.462 
Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422

Thermal Fracture

k1: 1 k2: 1 Bc1: 1 Bc2:1

CSM Fatigue
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Layer 4 Subgrade : A-6

Liquid Limit
Plasticity Index 11.5

31.1

Sieve Size % Passing
0.001mm
0.002mm 20.4
0.020mm
#200 57.7
#100
#80
#60
#50
#40
#30
#20
#16
#10 92.2
#8
#4
3/8-in.
1/2-in.
3/4-in.
1-in. 100.0
1 1/2-in.
2-in.
2 1/2-in.
3-in.
3 1/2-in.

Is User Defined? False
af 94.5761
bf 0.7777
cf 0.3069
hr 500.0000

Sieve

Is User 
Defined? Value

Maximum dry unit weight (pcf) True 106

Saturated hydraulic conductivity 
(ft/hr) False 2.224e-05

Specific gravity of solids False 2.7
Optimum gravimetric water 
content (%) True 18.2

User-defined Soil Water Characteristic Curve 
(SWCC)

FalseIs layer compacted?

Unbound
Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Resilient Modulus (psi)
3000.0

Modulus (Input Level: 2)

Analysis Type: Annual representative values
Method: Resilient Modulus (psi)

Use Correction factor for NDT modulus?  - 
NDT Correction Factor:  - 

Field Value
Display name/identifier A-6

Description of object Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver
Date approved 1/1/2011 12:00:00 AM
State
District
County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 2
User defined field 3
Revision Number 0

Identifiers
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C: 1 D: 1

Reflective Cracking
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Subgrade Rutting

Granular Fine
k1: 2.03 Bs1: 1 k1: 1.35 Bs1: 1
Standard Deviation (BASERUT)
0.1477*Pow(BASERUT,0.6711)+0.001

Standard Deviation (BASERUT)
0.1235*Pow(SUBRUT,0.5012)+0.001

c1: 7 c2: 3.5

200 + 2300/(1+exp(1.072-2.1654*LOG10
(TOP+0.0001)))

AC Cracking

1.13+13/(1+exp(7.57-15.5*LOG10
(BOTTOM+0.0001)))

AC Top Down Cracking AC Bottom Up Cracking

c3: 0 c4: 1000 c3: 6000c2: 1c1: 1
AC Cracking Top Standard Deviation AC Cracking Bottom Standard Deviation

C1: 1 C2: 1

CSM Cracking

C4: 1000C3: 0

CTB*11
CSM Standard Deviation

IRI Flexible over PCC

C3: 0.0014 C4: 0.00825C1: 40.8 C2: 0.575

PCC Cracking
Cracking Coefficients

C1: 2 C2: 1.22 C5: -1.98C4: 1

Pow(5.3116*CRACK,0.3903)  + 2.99
PCC Reliability Cracking Standard Deviation

Fatigue Coefficients
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