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Reflective/Thermal cracks 

• Affect ride quality when 

rolled down

• Cause the base to soften by   

allowing water penetration

Cold In-Place Recycling 

destroys the old crack pattern 

in the recycled layer, thus 

mitigating the problem.
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Problem Statement

• Recycled roads have inconsistent performance 

• Prominent factors:

– Age of the recycled pavement 

– Traffic volume 

– Support conditions 

– Aged engineering properties of the CIR 

materials

Objectives

• To answer two questions:

– How do aged engineering properties of CIR materials, 

traffic and subgrade conditions affect the pavement 

performance?

– What changes should be made with regard to design, 

material selection and construction in order to improve 

the performance of future recycled roads? 
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9

Selection of CIR Test Sections 

• Eighteen 1,500-ft old test sections, which 

were surveyed in 1996 and 1997, were 

selected for re-evaluation in 2005.

• Eight 1,500-ft new test sections were 

surveyed in 2005.

• Test sections were categorized by: 

– Age 

– Traffic level

– Subgrade support level

10

Locations of 26 Test Sections
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11

CIR Projects for Sampling Matrix

Good Support
(>Subgrade Modulus of 5,000 psi)

Poor Support 
(< Subgrade Modulus of 5,000 psi)

Low Traffic
(0~800)

High Traffic (>800)
Low Traffic

(0~800)
High Traffic 

(>800)

A
g
e

Young 
(1999~) IA-44, Harrison

US-20, Delaware

US-61, Jackson

IA-48, 

Montgomery

N-58, Carroll

N. of Breda, 

Carroll

S-14, Story

S-27, Story

Medium
(1992~
1998)

-
IA-175, Calhoun

IA-4, Guthrie

F-70, Muscatine

V-18, Tama

E-52, Boone 

T-16, Butler

G-28, Muscatine

D-35, Hardin

Old
(1986~
1991)

R-34, 

Winnebago

B-43, Cerro 

Gordo

R-60, 

Winnebago

S.S.L., Cerro 

Gordo

Z-30, Clinton

E-66, Tama

198th St., 

Boone

E-50,Clinton

Y-14, Muscatine

IA-144, Greene

Test ProgramTest Program

•• Pavement distress surveyPavement distress survey

 !"

 !"#$!%%&$ !"#$!%%&$ !"#$!%%&$ !"#$!%%&$  '(&$' '(&$' '(&$' '(&$'

PCI
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13

MIAS – Alligator Cracking, Block 

Cracking and Patching

Measure distress 

area 

Measure 

distress area 

using a 

rectangle

14

0

10
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70

80

90

100

0 5 10 15 20 25 30 35

Performance Curve Based on First 

Survey  (1996)

Year

PCI

14 18

Y = - 0.127X2 – 1.2584X + 100

R2 = 0.5491
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0 5 10 15 20 25 30 35

Performance Curve based on both First 

(1996) and Second (2007) Surveys

Year

PCI

Poor Support/High Traffic

Poor Support/Low Traffic

Good Support/High Traffic

Good Support/Low Traffic

21 25

Y = - 0.0486X2 – 1.155X + 100

R2 = 0.6158
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Performance Curve of Test Sections with 

Poor Subgrade Support

Year

PCI

High Traffic

Low Traffic

18 22

Y = - 0.0776X2 - 0.9153X + 100

R2 = 0.7039
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Performance Curve of Test Sections with Good Subgrade Support

Year

PCI

High Traffic

Low Traffic

26 34

Y = - 0.0036X2 - 1.6969X + 100

R2 = 0.5743

Test Program

• FWD executed by Iowa DOT

Support

Condition

SensorsLoad

Load

“Strong”
Pavement “Weak”

Pavement
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Test Program

• Field coring by Iowa DOT

Engineering 

Properties

Lab Test Program

• Specimen Preparation
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• Indirect tensile testing (IDT)

• Moisture sensitivity

• IDTwet (psi)

• Dynamic shear 
rheometer (DSR) testing 

•Rutting and fatigue

• Complex modulus (G*, 
KPa)

• Bending beam 
rheometer (BBR) testing 

•Thermal Cracking

• Creep stiffness (S(t), 
MPa), m-value

Typical range of HMA/CIR Typical range of HMA/CIR 
propertiesproperties

Type of Property

Property

Typical 

HMA

CIR in this 

study

Mix Va (field measured, %) 5 ~ 9 4.5 ~ 14.3

Binder G*/sin(delta) > 2.2 230 ~ 4,700

Binder G*sin(delta) < 5,000 170 ~ 3,600

Binder Penetration (dmm) 20 ~ 30 0 ~ 30.3

Binder S(t) (Mpa) < 300 204 ~ 962

Binder m-value > 0.3 0.16 ~ 0.32

Pavement Layer 

Structural Pavement modulus (ksi)* 100 ~ 6,000 200 ~ 4,400

Subgrade Layer 

Structural Subgrade modulus (ksi)* 1 ~15# 3 ~ 16@
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Relative PCI

Relative PCI

-30 -20 -10 0 10 20 30

V
a

ri
a

b
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s

0

10

20

30

40

50

Cumulative Traffic (1000)

CIR Modulus (1000 ksi)

FND Modulus (10 ksi)

Va (%)

IDTwet (psi)

G* (1000 KPa)

S(t) (100 MPa)

Aggregate

All 24 CIR roads

• IDTwet

• Va

• Cumulative traffic

• CIR modulus
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Results Results –– all CIR roadsall CIR roads

�� RR22=0.5937

�� RR22
adjadj = = 0.5357

Term Estimate P-value Significance at 0.05 level ?

(Va)
2 2.45 0.0021 Yes

CIR modulus -1.38 0.0027 Yes

(Cumulative Traffic)2 -0.00026 0.015 Yes

* VVaa is air void (%)is air void (%)

* * Air voids are voids between the aggregate particles in the compacted CIR  Air voids are voids between the aggregate particles in the compacted CIR  

layer that are filled with airlayer that are filled with air

Results Results –– low traffic roadslow traffic roads

�� RR22==0.5213

�� RR22
adjadj = = 0.4256

Term Estimate P-value Significance at 0.05 level ?

IDTwet 0.361 0.008 Yes

(CIR modulus)2
-1.28E-06 0.0845 No
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Results Results –– high traffic roadshigh traffic roads

�� RR22==0.5213

�� RR22
adjadj = = 0.4256

Term Estimate P-value Significance at 0.05 level ?

CIR modulus -1.50E-03 0.0015 Yes

(G*)& 3.98 0.0914 No

ConclusionsConclusions

�� Predicted service life 21 to 25 yearsPredicted service life 21 to 25 years
�� Longer w/ good support (up to 34 yr)Longer w/ good support (up to 34 yr)

�� Shorter w/ poor support (as little as 18 yr)Shorter w/ poor support (as little as 18 yr)

�� Support more important than trafficSupport more important than traffic
�� within range of analysis (< 2K AADT)within range of analysis (< 2K AADT)

�� Traffic has little effect on roads w/ good Traffic has little effect on roads w/ good 
supportsupport

�� Longitudinal and alligator cracking Longitudinal and alligator cracking 
increased… not transverse crackingincreased… not transverse cracking
�� Rutting, patching and edge cracking Rutting, patching and edge cracking 

associated with poor supportassociated with poor support
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ConclusionsConclusions

�� VVaa (air voids) is higher (air voids) is higher 

�� Range: 6 to 12%Range: 6 to 12%

�� CIR modulus is lower (more elastic)CIR modulus is lower (more elastic)

�� Range: 200 to 4,400 Range: 200 to 4,400 ksiksi

Better performance is associated with:Better performance is associated with:

---- within the range of the analysiswithin the range of the analysis

Poor Performance will result from Poor Performance will result from 

higher higher VVaa and lower CIR Modulusand lower CIR Modulus

FND

HMA

CIR: Stress-
relieving 
layer

CIR: Stress-
relieving 
layer

Pu
bl
ic
 S
em

in
ar
 - 

So
m
e 
pl
ea
sa
nt
 s
ur
pr
ise

s 
ab

ou
t t
he

 p
er
fo
rm

an
ce
 o
f r

ec
yc
le
d 
co
ns
tru

ct
io
n 
m
at
er
ia
ls 

by
 P

ro
f. 
C
ha

rle
s 
T
. J

ah
re
n 
fro

m
 th

e 
Io
wa

 S
ta
te
 U

ni
ve
rs
ity

, U
SA

 

C
IC

ID
, H

K
U
, 1
7/
03

/2
01

1



��������	
����� ��
	���	�����������	����������	��	��
���	����	����	��������������
��	��������

���������	��������	� ��
���	����������	�����	�������� 

����!����	�����	��������"��#�$��#��"��#�$��# %*

Conclusions

• Within the range of the data analyzed, 
higher value of IDTwet significantly 
and positively affected pavement 
performance of low traffic roads

• As would be expected, roads with 
higher cumulative traffic exhibited 
more distress
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