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Introduction
CIR Pavements in Nevada

NEVADA 
DEPARTMENT OF 

TRANSPORTATION 
(NDOT)

• 1,500 centerline miles of CIR within two decades
• 1.5% CMS-2s emulsion with 4.5% lime slurry
• Poor performance due to lack of performance-

based mix design

PAVEMENT 
PROGRAM 

UNR 

• Monitored field performance
• Developed Hveem and Superpave Mix design methods for CIR
• Evaluated the impact of:
 Non-graded vs graded RAP
 Lime slurry content
 Emulsion type
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Introduction
CIR Pavements in Nevada – Review Meeting

Laboratory mixture developed using 
CIR mix design procedure and 

performance tests to be constructed 
and monitored for field performance. 

Reviewed research study on CIR mix 
design:
• Effectively designed using modified 

NDOT Hveem mix design method.
• Identified optimum air void content 

as 13±1.

Consensus on conducting a Pilot Project 
exploring:
• 3% lime slurry (2% water + 1% lime).
• Bleeding test.
• Cores for reproducing gradation in lab.
• Comparison of CMS-2s and engineered 

emulsion.
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Introduction
CIR Pilot Project Objectives

Select a challenging site 
with commonality to be 

reproduced on future 
project sites. 

Analyze through 
appropriate 

performance-based 
testing.

Objective: Explore and implement a performance-related specification for 
CIR through agency-industry-academia collaboration

 Hveem Stability
 Indirect Tensile 

Strength Test
 Hamburg Wheel 

Track Test
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Preliminary Laboratory Evaluation
State Route (SR) 232

 SR 232, Clover Valley Road
• Elko County, Nevada (District 3)
• Mileposts 2.6 to 9.5 (~7 miles)
• Two-way, single-lane

 Low volume road
 Last chip seal placed in 2017 

Characterization Previous Project Sites SR 232

Existing Surface Layer HMA Double Chip Seal

Existing Structure HMA/CAB/SG DGA & Road Mix/SG

Traffic (AADT) 250 160
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Preliminary Laboratory Evaluation
Project Characterization

Characterization SR 232

Asphalt Content (%) 8.1 – 13.5

PG High Temperature 52

 Crushed using jackhammer and jaw crusher
 Jaw crusher not creating representative material

• Selected graded RAP adjusted to UDOT specifications
 AASHTO T 324- Hamburg wheel track test

• Tested at 50°C.
• Slab: Top 2.5” from the existing pavement.
• Failed at 9,850 cycles.

 

 

Chip seal

Dense-Graded 
Asphalt
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Preliminary Laboratory Evaluation
CIR Hveem Mix Design Procedure

CIR Mixing Procedure

 Mix RAP with cement for 1-minute
 Mix RAP + cement with additional water for 1-minute
 Mix RAP + cement + water with lime slurry for 2-minutes
 Mix RAP + cement + water + lime slurry with emulsion for 1-minute

4-inch (100 mm) 2.5-inch (63 m
m

)

Compaction by California Kneading 
Compactor  (AASHTO T 247)

 25 tamps at 250 psi
 100 tamps at 500 psi
 300 psi leveling stress

Mix samples cured for 
24 hours at 140°F (60°C) 13 ± 1% AV

Hveem Stability
(AASHTO T 246)

 Condition at 60C for 
24 hours after 
compaction. 
 Condition at 25C for 
2 hours before testing.
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Preliminary Laboratory Evaluation
Performance Tests

13 ± 1% AV

150mm SGC sample
Perforated mold

Target air void 13±1.

6-inch (150 mm)

Performance test 
samples cured for 48 
hours at 140°F (60°C), 

AASHTO T 283: Indirect 
Tensile Strength Test

 IDEAL-CT conducted on 
same samples

 1 & 3 freeze thaw cycles

AASHTO T 324: Hamburg 
Wheel Track Test

 Test temperature at 50°C
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Preliminary Laboratory Evaluation
Preliminary Conclusions

 Selected 3.0% emulsion as the OEC.
 Changed emulsion to include stiffer base binder (PG 70).

• Referenced as CIR-h
 Rutting resistance concerns led to inclusion of HWTT.

• Intact slab showed ~9850 cycles to failure
 Addition of additives: 

• Ratio of residual asphalt to dry cement as 2.5:1. 
Limited to 1.0%.

• Use of quick lime at 33% of the total lime slurry
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Mix Design
Design Approaches

 Total of 8 mixtures 
tested.

• Selected based on 
agency and 
industry feedback.

 Approach A-D 
conducted using slab 
crushed material.

 Approach E-H 
conducted using field 
millings.

Approach
Additional 

Water Content 
(%)

Lime Slurry 
(%)

Cement 
Content (%)

Emulsion 
Content (%) Emulsion Type

A 0.0 3.0 0.00 3.0 Polymer Modified
B 0.0 4.5 0.00 3.0 Polymer Modified
C 1.0 3.0 0.75 3.0 Polymer Modified
D 0.0 4.5 0.50 3.0 Polymer Modified
E 0.33 4.0 0.80 3.0 Polymer Modified
F 0.5 4.0 0.67 2.5 Polymer Modified
G 0.0 4.5 0.00 1.5 CMS-2s
H 1.0 3.0 0.75 3.0 CMS-2s

Added to see effect of 
maximizing cement 

content

Added for comparison to 
CMS-2s

Iterative 
Process
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Mix Design
Performance Test Results
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Mix Design
Recommended Design

 

 

 Approach C achieved the best combined 
performance
• Passes mix design verification and 

moisture sensitivity
• Promising cracking and rutting 

resistance

3% Emulsion, 3% Lime Slurry, 1.0% Additional 
Water, 0.75% Cement

CIR Mixture Properties Test Method Approach C

Hveem Stability (Condition 3) AASHTO T246 24
HWT: No of passes to reach 12.5 mm 
rut depth AASHTO T321 2,520

Tensile strength (Unconditioned), psi AASHTO T283 50
Tensile strength (1 FT), % AASHTO T283 75

HVEEM STABILITY

DRY INDIRECT TENSILE 
STRENGTH

TENSILE STRENGTH RATIO

20 Min.

50 psi

65%
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Contract & Specifications
Special Provision

 Recycling Agent PMPS-CIRh (polymer modified) by mix design with performance tests.
 Job mix formula required.

• Emulsion, water, lime, cement
 Complete nuclear tests correlated with sand cone.
 Require 86-95% relative compaction to field Rice density.

Standard Specifications for Road and Bridge Construction (NDOT Silver Book) – 
Section 404 Cold Recycle
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Construction Overview
QC/QC Data
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Northbound Began August 16th, 2021.

 Southbound lane first.
 Train traveled in opposite direction 

of traffic.
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 May 11, 2022
 Total of 19 cores (4-inch)
 Selected based on areas with low density, high 

moisture, etc.
 Averaged 86% relative compaction.

TSR, 79

Air Voids, 
13.4%

Air Voids, 
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Construction Overview
Southbound Construction
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Construction Overview
Northbound Construction
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Final Remarks

LESSONS LEARNED

 Use of engineered emulsion increased lab 
performance results.

 Higher air temperatures resulted in 
higher density and ease of compaction 
but produced fewer fines.

 Increased moisture content was 
correlated with lower field density.

 Improvement in target density is 
reflected in average relative compaction 
of 86%.

CURRENT CONDITIONS

 Temperature, moisture, and density variations during 
construction may have impacted the final pavement 
quality.

 Harsh weather conditions, combined with the high 
stiffness of the CIR material, likely contributed to the 
observed distresses.

FUTURE

 Implement and evaluate plans for a quick transition in 
construction operations based on temperature.

 Implement lessons learned into guidelines for future 
projects.
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Thank You! 
Any Questions?
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