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Research Need

College of  Engineering
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Reflective Cracking due to Soil-cement Base
Mechanism

Research Need

Soil Type, Cement Content, 
Curing, Compaction, Traffic, etc. 

4

http://www.louisiana.edu/
http://www.louisiana.edu/


Narrow Cracks Wider Cracks 

Research Need
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AST Interlayer Granular Interlayer

Research Need

Stress Relief Interlayers
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Research Need

Soil-Cement Base (LA Design)

Cement Stabilized Design: (CSD) 
• 300 psi 7-day Compressive Strength
• Appx. 10% Cement Content

Cement Treated Design: (CTD) 
• 150 psi 7-day Compressive Strength
• Appx. 5% Cement Content
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Research Need

Problem Statement

 DOTD has been using asphalt surface treatment (AST) interlayers 
over soil-cement base courses to mitigate shrinkage cracks from 
reflecting through the overlying asphaltic concrete (AC) pavement. 

 No studies have been conducted to determine: 
 The service life extension (SLE) of AST interlayers
 The cost effectiveness of AST interlayers

Systematic Research Study is Needed
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Research Need

 Distress Data 
 Distress data from PMS database
 IRI, Rut, Fatigue, Longitudinal and 

Transverse cracking
 Recorded every two years by the automatic 

road analyzer (ARAN) for every 1/10th of a 
mile (1995-2016)

 Historical Data 
 DOTD’s Mainframe
 Material Testing System (MATT)
 Tracking of Projects (TOPS)
 Letting of Projects (LETS)
 Highway Needs, Traffic Volume, Pavement 

design and System Preservation databases.
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1. Evaluate DOTD’s current practices on AST interlayer 
over soil-cement base 

2. Determine the effectiveness of the AST interlayer 
practice in terms of its costs and benefits

3. Provide recommendation/guidelines for AST interlayers 
over soil-cement base

Research Objectives
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Research Approach and 
Work Plan
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Research Work Plan

 Task 1— Review of Literature and State-of-the-Practice 

 Task 2— Review of LA DOTD State-of-the-Practice

 Task 3— Roadway Identification for Project Selection

 Task 4— Determination of Service life (SA) and Gain SL (SLE)

 Task 5— Cost Benefit Analysis

 Task 6— Guidelines 

 Task 7— Final Report, Recommendation and Implementation 

Research Tasks
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Research Work Plan
 Task 1—Literature Review & State-of-the-Practice 
 Several US States (LA, TX, CA, MS, VA, NM, GA) have been evaluating reflective 

cracks mitigating technique for soil-cement base pavements. 

 Stress Relieving Interlayer, Micro-Cracking of Bases and Inverted Pavements 
(Stone Interlayers) are commonly used technique. 

 Currently, Stone Interlayers are built over Soil-cement bases at VA, NM and GA 
for performance evaluation. 

 LA also evaluated Stone Interlayer using ALF. The results indicated 
improvement in crack mitigation. 

 Paving Fabrics (sometimes with chipseal) have been used by some US states and 
are found to be a capable interlayer to mitigate reflective cracking (over 
HMA/PCC/Soil-Cement bases).

 Micro-Cracking technique are on the process of evaluation in TX, CA and LA. 
Texas found significant crack mitigation by micro-crack however, LA did not 
find any improvement. CA has not reported the results, yet.  

 Louisiana is currently using AST as interlayer over soil-cement bases. No other 
reports have been found in the literature where AST is used as solely as an 
Interlayer over soil-cement bases.13
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Task 2
Review of  DOTD State-of-the-Practice
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Task 2
Review of  LA DOTD State-of-the-Practice
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Task 2
Review of  LA DOTD State-of-the-Practice
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Summary 
Survey Results

Items Summary Others

General
• The AST interlayer lane-mile 

varied from 0 to 60 lane-miles. 
• 4 districts do not use AST 

interlayer on soil-cement base.

Districts 2, 7, 58
and 62 does not use 
AST Interlayer

Pavement Design
• All districts do not do pavement 

design or AST interlayer 
recommendation.

• All districts do not conduct any 
life cycle analysis. 

Use Pavement 
Design Office 
Recommendation
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Summary 
Survey Results

Items Summary Others

Project 
Scoping

• Most districts use Distress data and Visual 
inspection for evaluation. Some also use 
coring or NDT for evaluation.

• Most districts based their decisions to apply 
AST to improve ride quality, retard distress, 
reflective cracks, and distress propagation.

• Most districts use AST for CSD soil-cement 
and few also reported to use on CTD.

• Most allow curing time of 7 days before AST 
application and some allow only 3 days.
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Summary 
Survey Results

Items Summary Others

Project 
Contracting

• AST Interlayers do not affect the contract 
elapsed time between project identification 
and construction.

• The elapsed time varied from district to 
district, usually, 6 to 36 months.

• Most reported that 1-3 contractors bid on the 
projects. In some districts 4-6 bids/project.

• The quality of contractors biding on the 
projects is fair to good (mostly good). Districts 
are also satisfied from their work.

• Most districts do construction all year round. 
However, fewer reported no construction 
during winter season.
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Summary 
Survey Results

Items Summary Others

Performance 
and 

Evaluation

• Most agreed that the performance of AST is affected 
by construction procedure, quality control, and 
moisture damage.

• The life span of AST interlayer on soil-cement 
project varied from 10 to 20 years.

• Most districts reported that about 33% of the 
sections improved after AST on soil-cement.

• AST and No AST soil-cement base are more 
susceptible to transverse followed by longitudinal 
and alligator cracking.

• In district 8 no improvement was observed. Mostly 
due to desiccation of soil-bases with larger crack 
widths.

• Dist 08 recommended to put AST on top of HMA to 
extend its life after cracking.20
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Summary 
District wise Projects
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District AST Interlayer Stone 
Interlayer No Interlayer

2 - - 1
3 36 3 23
4 2 1 2
5 1 - 10
7 - 1 10
8 17 - 7

58 - 1 22

61 4 - 23

62 - - 27

http://www.louisiana.edu/
http://www.louisiana.edu/


Task 3
Roadway Identification & Project Selection 

 Interviewing DOTD Engineers (Task 2)
 Searching DOTD Mainframe Database
 Material Testing System (MATT), Tracking of Projects (TOPS), Letting of 

Projects (LETS), the Highway NEEDS, the Traffic & Planning Highway 
Inventory, the Maintenance Operations System, and the Traffic Volumes 
data sections of the mainframe database

 Searching DOTD PMS Database
 Distress data from PMS database
 IRI, Rut, Fatigue, Longitudinal and Transverse cracking
 Recorded every two years by the automatic road analyzer (ARAN) for 

every 1/10th of a mile (2000-2017)

 Searching Pavement Design & Preservation Database
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Project Selection Criteria 

 All Flexible Pavement Sections that has a soil-cement 
(CSD/CTD) base 
 Flexible Pavement sections that has AST Interlayer over soil-

cement base

 Flexible Pavement sections that has No Interlayer but the Base is 
soil-cement

 All Flexible Pavement Sections that has a soil-cement 
having a minimum of 3 distress points.

Task 3
Roadway Identification & Project Selection 
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 Data Mining
 Data source
 Control section, log-mile, project number, etc)
 Route name and number (I-10, LA-1, US-90, etc).
 Roadway functional classification such as interstates, arterials, etc
 Roadway classification including Interstates, NHS, SHS and RHS.
 Pavement performance data (distress data).
 Type and cost of flexible pavement projects
 Type and thickness of AST, HMA and base layers 
 Year/age of construction of treatments
 Traffic data, (ADT, ADTT, ESAL, etc.). 
 All possible maintenance actions (crack repair, grinding, milling, etc.).

Task 3
Roadway Identification & Project Selection 
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 Data Mining
 Manual Sorting (Design PDF Files)
 Development of Computer Programs
 MATLAB-Program (All AST and No Interlayer) 
 VBA in MS Excel (All AST and No Interlayer)
 Data mining for whole database at once

Merged Database
 Distress (IRI, Rut, cracking, etc) 
 ESAL
 Historical data

Task 3
Roadway Identification & Project Selection 
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Example
Summary of  Projects: AST Interlayer

AST Interlayer Projects

Control 
Section District BLM ELM L 

(mile)
Construction 

Year Project No 
Overlay 

HMA 
Thickness

ESAL CTD or CSD

093-02-1 04 0 7.3 7.3 2006 093-02-0007 2 9210 CTD
424-04-1 03 11.5 13.5 2 2009 424-04-0052 3.5 368103 CTD
217-02-1 03 2 3.1 1.1 2009 217-02-0014 4 16161 CSD
316-01-1 05 0 1.7 1.7 2009 316-01-0007 2 53812 CTD
218-30-1 03 0 1.8 1.8 2010 218-30-0005 4.5 72608 CSD
801-29-1 03 0 2.1 2.1 2010 801-29-0005 4 13876 CSD
408-02-1 03 5.8 10.8 5 2011 408-02-0011 5 443 CTD
144-02-1 03 1 2 1 2011 H.009068.6 4 748 CSD
213-08-1 03 0 4.3 4.3 2012 H.002147.6 4.5 65571 CSD
857-63-1 03 3 10.9 7.9 2012 H.008443.6 4 24361 CSD
217-02-1 03 3.1 8.3 5.2 2012 H.002161.6 5 15814 CSD
801-10-1 03 0 6.2 6.2 2012 H.007837.6 4 10102 CSD
857-11-1 03 0 3.1 3.1 2012 H.009995.6 3.5 5225 CSD
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Example 
Summary of  Projects: No Interlayer

No Interlayer Projects 

Control 
Section District BLM ELM Length 

(mile)
Constructi

on Year Project Number
Overlay 

HMA 
Thickness

ESAL CTD or CSD

185-01-1 05 0 11.4 11.4 2000 185-01-0013 3.5 5621 CSD
815-08-1 58 0 2.4 2.4 2002 815-08-0008 3.5 7373 CSD
178-02-1 58 5.9 9.6 3.7 2002 178-02-0020 3.5 24092 CSD
367-01-1 08 0 4.7 4.7 2003 367-01-0015 3.5 10099 CTD 
033-03-1 08 0.9 2.3 1.4 2004 033-03-0036 4 127765 CTD 
163-02-1 05 0.1 3.3 3.2 2004 163-02-0012 2 11398 CTD 
156-02-1 05 3.3 4.5 1.2 2007 156-02-0013 3.5 35383 CTD 
165-02-1 58 0 2.8 2.8 2007 165-02-0027 3.5 1819 CTD 
863-02-1 61 0 6.9 6.9 2008 863-02-0029 3.5 20132 CTD 
428-01-1 61 6.6 12.2 5.6 2008 428-01-0016 3.5 25040 CTD 
197-02-1 07 0.2 0.5 0.3 2011 197-02-0022 6 98545 CSD
219-04-1 61 3.1 4.6 1.5 2011 219-04-0017 3.5 9683 CTD 
270-05-1 62 5.9 10.8 4.9 2012 270-05-0015 3.5 21656 CTD 
281-04-1 62 0 7.5 7.5 2012 281-04-0027 4.5 116821 CTD 
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Acceptance Criteria

Criterion 1
Three Data Points 

A minimum of 3 data points are required to fit any 
non-linear function, as any model can be fit to 

two or to one data point. 

Criterion 2
Upward Trend (Positive slope)

3 data points must have an upward trend to satisfy 
condition of calculating RSL

28
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Acceptance Criteria
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Summary of All Sections

Types 
of Interlayer

No.
Accepted 
Projects

Miles
Accepted 
1/10th Log 

Miles

AST 
Interlayer 49 141.1 1,411

No Interlayer 122 450.3 4,503

Stone 
Interlayer 6 15.7 157

30



Results and Analysis
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Distress

Elapsed Time (Year)

Threshold

SA-1

Service Age (SA), Service Life (SL), 
Service Life Extension (SLE)

SLE

SLE = SL2 - SL1
(Gain SL)

SL-1

SA-2
SL-2
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Mathematical Models 
(SL, SLE)
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		Form of equation 

		Pavement distress type (model form)



		

		IRI (exponential)

		Rut depth (power)

		Cracking (Logistic (S-shaped))



		Generic equation (modeling)
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		Derivative (slope)
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		Integral (performance area)
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		Time to reach threshold (LE)
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		Where, α, β, γ, ω, θ, and μ are regression parameters ( ,  are intercepts and ω are slopes) t = elapsed time (year), and Max = the maximum value of cracking
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Distribution of  SL

Threshold

SA

Range of  SL
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Analysis Matrix

HMA 
Thickness

(in)

AST Interlayer No Interlayer
No. Data 
Points/ 

(SA)

Base 
ESAL
<30k

ESAL 
>30k

ESAL
<30k

ESAL 
>30kType

CSD
0-4 x x x x

3/ 
(5-7 yr)

>4 x x x x

CTD
0-4 x x x x
>4 x x x x

CSD
0-4 x x x x

6/
(12-14 yr)

>4 x x x x

CTD
0-4 x x x x
>4 x x x x

Majority
<=4 in, <=3ok ESAL
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SL Distribution (TC)
ESAL<30K, Th<4 in, CSD Base

Gain SL = 2.7 yrs
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SL Distribution (AC)
ESAL<30K, Th<4 in, CSD Base

Gain SL= 2.2 yrs
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SL Distribution (LC)
ESAL<30K, Th<4 in, CSD Base

No Gain SL
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SL Distribution (IRI)
ESAL<30K, Th<4 in, CSD Base

No Gain SL

0
10
20
30
40
50
60
70
80
90

100

2 4 6 8 10 12 14 16 18 20

1/
10

th
 L

og
 M

ile
s(

%
)

SL Years

Projects No.= 46
1/10 Sections= 1584
Avg SL= 19.7
StDev= 1.5

NO INT IRI (in/mile)

0
10
20
30
40
50
60
70
80
90

100

2 4 6 8 10 12 14 16 18 20

1/
10

th
 L

og
 M

ile
s(

%
)

SL Years

Projects No.= 19
1/10 Sections= 570
Avg SL= 18.3
StDev= 3.7

AST INT IRI (in/mile)

40

http://www.louisiana.edu/
http://www.louisiana.edu/


SL Distribution (RUT)
ESAL<30K, Th<4 in, CSD Base
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SL Distribution (TC)
ESAL<30K, Th<4 in, CTD Base

No Gain SL
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SL Distribution (TC)
CSD/CTD, No Interlayer

Gain SL = 2.6 yrs, same as AST INT
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SL Distribution (AC)
CSD/CTD, No Interlayer

CTD IS BETTER/SIMILAR TO CSD

NO INT AC, CSD NO INT AC, CTD
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Summary Service Life (SL)
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SL Distribution (TC)
ESAL>30K, CSD Base
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STONE INT SL Distribution (TC)
ESAL<150K, Th<0-5in, CSD Bases 
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Cost-Benefit Analysis
Benefit Analysis
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Cost-Benefit Analysis

Cost-effectiveness Evaluation 

Benefit/Cost Ratio (B/C):

P= Present cost, of entire pavement system, considering 3.5 
in HMA 
i= inflation (4%)

EUAC = Equivalent uniform annual cost 

NBA= Normalized Benefit Area

49

B/C(SL) = 𝑆𝑆𝑆𝑆
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

 *10000                                                       B/C(NBA) = 𝑁𝑁𝑁𝑁𝐸𝐸
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

 *10000                                                      
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Cost-Benefit Analysis 
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Cost for CSD/CTD Projects With or Without Interlayer 

Type Cost per Sq
Yd

Cost per 
1/10th log-

mile

Total Cost of Treatment (P) 
(Including Overlying 3.5 in 

HMA cost)

AST Interlayer, only $3.62 $2,547 -
AST Interlayer over CTD $10.67 $7,511 $17,692 
AST Interlayer over CSD $13.53 $9,528 $19,709 
Stone Interlayer over CSD $21.28 $14,984 $25,165 
CTD base, only $7.05 $4,964 $15,145 
CSD base, only $9.92 $6,981 $17,162 



Cost-Benefit Analysis
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Cost-Benefit Analysis
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Cost-Benefit Analysis
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Cost-Benefit Analysis
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Conclusions

 Transverse cracking was the controlling distress followed by 
fatigue cracking.

 Based on Transverse cracking, AST interlayer on CSD showed 
Gain in SL of 2.7 yr.

 Similar results were shown for Alligator cracking with Gain in 
SL of 2.2 yr.

 No Gain in SL was observed for LC and IRI.

 SL based on RUT for AST interlayer showed decreased values 
of about 4.0 years relative to No AST interlayer.

 CTD base exhibited similar or better SL then CSD base.
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Conclusions

Net B/C ratio in terms of SL and NBA revealed that on average 
the AST interlayer showed 27% less B/C than the CSD bases 
only.

CTD base only, exhibited around 18% more B/C then CSD 
base only.  

 In general, due to higher cost associated with AST interlayer
and the loss of SL  in RUT, the AST interlayer  proved to be 
least cost-effective option.
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Recommendations

 CTD base only became the most cost-effective options for all cases. 
Therefore, it is recommended that the DOTD continue using the 
CTD bases for flexible pavements for low ESAL.

 Since the AST interlayer of all soil-cement became least cost-
effective option, therefore, it is recommended that it should not be 
used as an interlayer over soil-cement to minimize the reflective 
cracking.
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Thanks!
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Additional Slides
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SL Distribution (TC)
ESAL<30K, CSD Base, 10-14 yr data
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SL Distribution (TC)
ESAL<30K, CSD&CTD Base, 10-14 yr
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STONE INT SL Distribution (TC)
ESAL<150K, Th<0-5in, CTD Bases 
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Cost-Benefit Analysis: Bar Chart
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