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Cold In-Place Recycling
destroys the old crack pattern
in the recycled layer, thus
mitigating the problem.
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Type of €roperty
Property

Mix V, (field measured, %)
Binder G*/sin(delta)

Binder G*sin(delta)

Binder Penetration (dmm)
Binder S(t) Mpa)

Binder m-value

Pavement Layer
Structural Pavement modulus (ksi)*

Subgrade Layer
Structural Subgrade modulus (ksi)*
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* Indirect tensile testing (IDT)

» Moisture sensitivity
* IDT,,; (psi)

* Dynamic shear
rheometer (DSR) testing

*Rutting and fatigue

» Complex moduius (G*,
KPa)

* Bendging beam
rhecmeter {BBR) testing
*Thermal Cracking

* Creep stiffness (S(t),
AiPa), m-value

Typical CIR in this
HMA study

5~9 45~143
>22 230 ~ 4,700
<5,000 170 ~ 3,600
20 ~ 30 0~30.3
<300 204 ~ 962
>0.3 0.16 ~0.32

100 ~ 6,000 200 ~ 4,400

1 ~15 3~16°
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= R2=0.5937
R2 . = 0.5357

* V, is air void (%)

* Air voids are voids between the aggregate particles it the compacted CIR
layer that are filled with air

n R?=0.5213

(CIR modulus)? -1.28E-06
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at=ll
B . 0.4 O
Term Estimate P-value | Significance at 0.05 I&& ?
(G*)? 3.98 0.0914 No -
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Predicted service life 21 to 25 years

Support more important than traffic

Longitudinal and alligator cracking
increased... not transverse cracking
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Better performance is associated with:

V, (air voids) is higher

CIR modulus is lower (more elastic)

-- within the range of the analysis

Poor Performance will result from
higher V, and lower CIR Modulus
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Performance Evaluation of Concrete
Pavement Granular Subbase —
Pavement Surface Condition
Evaluation

Sponsored by
lowa Highway Research Board
THRB Project TR-554

Principal Investigators: David J. White, Ph.D., Halil Ceylan, Ph.D., Charles Jahren, Muhannad T.
Suleiman, Ph.D., E. Tom Cackler, P.E.

Research Assistants: Thang Huu Phan and Sung Hwan Kim

Authors: David J. White, Halil Ceylan, Charles Jahren, Thang Huu Phan, Sung Hwan Kim, and
Kasthurirangan Gopalakrisnan, Muhannad Suleiman
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What are the concerns of using RPCC for pavements?

= Recycled PCC aggregate reduces permeability, clog
the drainage systems.

* High pH leachate corrodes metal drainage pipes,
damages vegetation.

* Question on the stability of subbase layer using
recycled PCC.

CICID, The University of Hong Kong, Hong Kong
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Literature Review - RPCC

m Experience breakage of particles, increase fines

m Reduce the freeze-thaw resistance and
permeability

= High % fines & low permeability > pore water
pressures develops under the pavement that
reduce shear strength of base and subgrade
layers

= High pore water pressures > cracks on pavement
due to bulging of pavement and failure on the
pavement surface under traffic load

= Cement hydration of the recycled PCC can reduce
void ratio

Research‘,vﬁ‘ﬂi\)j(a\c”q{[g}\:;j
LA

Determine if RPCC pavement subbase is performing
adequately.

Evaluate subbase stiffness and permeability by
performing multiple tests within a given test section
using semi non-destructive methods.

Determine the gradation of the subbase materials.

Conduct crack and performance survey of
pavement.

Summarize projects used RPCC for pavement
construction in lowa.

CICID, The University of Hong Kong, Hong Kong
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Research Plan

* Visit 26 locations: 21 recycled and 5 virgin material
sites

* At each site, conduct: LWD, Clegg hammer, DCP,
permeability, sampling, and pavement crack survey.

* Compare and correlate performance of recycled PCC
with virgin materials.

* Develop guidelines and specifications for pavement
design using recycled PCC aggregate materials

Field Inve: \’%a‘mo@}\‘

)
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DCP Test Mn/DOT Permeability Tests

Q. .. Q" .
Virgin angb\?l?&@g*%ertles
RN

Prcoerty Natural Recycled concrete
aggregate aggregate

Specific Gravity 24-26 22-23

Estimated loss based on the 11-32 16 - 65

modified Micro-Deval test

(%) (%)

USGS GP-GM Variable

*: Maximum loss for coarse aggregates recommended by ASTM D6928-06 is 30%

CICID, The University of Hong Kong, Hong Kong
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Virgin and RPCC
Gradations
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QN Q)

Summary Qﬂv\logﬁil of Elasticity, CIV, and CBR
)
E . wp (Mpa) Subbase
Subbase  Subgrade Clv CBRa CBRP

Max vaiue 2126 150 638 100* 100*
Min Value 43 33 17 21.5 18
Average 535.3 66.1 89.4 73.0 66.9
STDEV 553.5 39.3 119.4 27.1 28.4
COV (%) 103.4 59.5 133.6 37.0 42.5

a: CBR estimated from CIV values of Clegg Hammer
b: CBR estimated from PI values of DCP

*: converted value is higher than 100

Estimated k-composite values from LWD

Subbase
LWD measurements Composite modulus k
Stress, kPa Deflection, mm MPa/m pci
Max value 386 659 21093 77706
Min value 217 16 329 1210
Avg 262 142 4991 18386
STDEV 29 156 5359 19744
COV (%) 11 110 107 107

CICID, The University of Hong Kong, Hong Kong 21
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Permeability of Virgin Materials

k k
Subbase material (ft/day) (ft/day)
Max values 8.1 19.09
Min values 0.01 0.01
Average 2.73 6.39
STDEV 4.65 11.00
COV (%) 170.7 172.1

Permeability of RPCC Materials

K1 (5 em) K> 10 cmp. €
Subbase material (ft/day) (ft/day)
Max values 3.31 5.14
Min values 0.02 0
Average 090 1.03
STDEV 1.03 1.51
COV (%) 1140 146.3

Paired t-test results

for the RPCC and the ;
virgin aggregate 2
sections g
a) PCl g !
No.7 No8 No.9 No.10 No.11 No.13 No.14 No.14 No.16 No.23
Test Section
3.0 Paired t-test
Ho:up = 0; Hyup #0
3 Virgin p-Value =0.18 >o. = 0.05
25 Aceept Hy
£ (4
Ll
7
2
/
b) IRI /
7
#
No.7 No.8 No.9 No.10 No.11 No.13 No.14 No.14 No.16 No.23
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Summary of Findings -- Lab and Field

* Modulus of elasticity of RPCC subbase materials is
high and variable from one project to another.

* CIV obtained from Clegg hammer tests are high.

* RPCC subbase layers normally have low permeability.

Summar\gxfn\fglﬁmq\u)\gs -- Distress Survey

* The current pavement surface condition of RPCC
subbase sections is comparable to that of virgin
aggregate subbase sections in terms of the Pavement
Condition Index (PCl) and the International
Roughness Index (IRI).

* Based on the evaluation of representative RPCC
subbase pavement sections with comparisons to
virgin aggregate subbase sections, it can be
concluded that the RPCC pavement subbase is
performing adequately.

CICID, The University of Hong Kong, Hong Kong 23



General Conclusions

* Recycled materials behave differently from
non-recycled materials.

* In some cases these behaviors seem to render
the recycled materials as inferior to their non
recycled counterparts

— CIR has higher voids % and less stiffness in
comparison to non recycled hot mix asphalt.

— RPCC has less permeability in comparison te
crushed rock

‘\‘ \l\\; A O°
General Conclifsiomn

* Recycled material properties may provide
advantages.
- Lower stiffness and higher air voids in CIR
apparently mitigate crack reflection

— Higher stiffness in RPCC layer may increase
structural effectiveness and make up for lack of
permeability.

CICID, The University of Hong Kong, Hong Kong
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Recommendations

* |Investigate properties of recycled materials
fully and on their own merits
— Avoid considering them to be inferior versions on
non recycled materials.
* Consider including recycle materials in a way
that takes advantage of their desirable
characteristics.

— Crack mitigation layer for asphalt overlay projects
from CIR

— Strengthen pavement base with RPCC in a manner
similar to that of asphalt or cement treated base.

Thank Youl!

CICID, The University of Hong Kong, Hong Kong
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