Pavement Rehabilitation by Cold Recycling / Bitumen Stabilisation SAR&
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CHAPTER 3 (new chapter)

PAVEMENT INVESTIGATION
and
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Distressed pavements
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How is “distress” measured ?

Constructed
riding quality

Resurfacing

Riding quality

<«—— Structural Design Period —‘—>|

Time / Traffic
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RECYCLING: Recovering / reusing material in the existing pavement
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WHAT’S IMPORTANT ?

REHABILITATION
REQUIREMENTS |/ REASERE

PAVEMENT

Basic Information Requirements

SARERD

PHASE 1.

Primary directives

Example REHABILITATION
| REQUIREMENTS
Service life / structural capacity 20 years (n x 106 Egy) L Doy
{
Geometric changes Changes to horizontal and/or vertical alignment
{

P Sa W —
Geometric capacity Widening required for additional lanes
| A ¥

Specific requirements

UTFC surfacing layer Ly
| A 2
Limited. Side drains to be lined

ey e SRR

National norm available (i.e. $/km)
== .

Future maintenance

Budget limitations

Timing (urgency)

Construction to start within 24 months
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When a recycling solution should not be considered

Changes to the existing alignment (in situ)

Politics. e.g. Saudi Arabia
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Projects suitable for recycling
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Greece islands (limited infrastructure)

Projects suitable for recycling SAR&

Runway rehabilitation
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PHASE 2.

Pavement Investigations
Obtain all available data
Identify material sources
Preliminary assessment

Define Uniform Sections

Detailed investigations
INVESTIGATIONS)
Laboratory testing N SR

Data processing
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Recyclers recover pavement material and mix it

Recyclers mix material in the vertical plane

not in the horizontal plane
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PRELIMINARY ASSESSMENT

Reconnoitre the route (drive-through)
Study all available data (Pavement Management System (PMS))
Obtain deflection measurements

Initial definition of “Uniform Sections”
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BEFORE STARTING...

Visible, unambiguous
references
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DETAILED INVESTIGATIONS

Visual Assessment

South African publications

. . B N SAPEM Chapter 6 Section 5
Confirm / modify Uniform Sections P

TRH 6 (1985) - condition surveys
. . TRH 12 (1997) - pavement rehab
Pavement investigations ¢ )P

TMH 9 (1992) - visuals

Excavate test pits / slots

TMH 5 (1981) - sampling

Core extraction

DCP survey
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VISUAL ASSESSMENT




Visual Assessment

Experienced Pavement Engineer

> Appie L

ON FOOT !

SARﬁ
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See the whole scene.....

SARERD

The whole scene

SARa
1
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Determine testing requirements SA.B&

FOR EACH UNIFORM SECTION:

Decide on the location / number of test pits (and/or slots)
(Minimum of 3 per Uniform Section)

Interval / locations for cores to be extracted
Interval / locations for DCP probes

Other investigations (e.g. additional deflection measurements)
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TEST PITS

Determine the pavement composition
Material quality in each layer
Condition of the material in each layer
Thickness of each layer
Variability within each layer

Obtain bulk samples separately from each layer

10
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TEST PITS
Normally excavated in outer wheel path
750mm x 750mm x 800mm deep

D

ks
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SAMPLING ASPHALT LAYERS

(when the intention is to recycle in situ)

Will a recycler break the asphalt down? . “

Is the broken-down asphalt likely to be uniform?

How to obtain representative samples ??

,.v

Sampling asphalt layers

Use a recycler

Or, a milling machine

Speed of advance (+ 3m/min)

11
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Sampling asphalt layers SARFi
TYPICAL GRADING CURVES FOR MILLED ASPHALT
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——Fast miling  ——Siow milling / recycler

Sampling asphalt layers

“GRINDING"”

Sampling asphalt layers SAWBFi
TYPICAL GRADING CURVES FOR MILLED ASPHALT
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Sampling asphalt layers

When there is no alternative...

Sample the asphalt as sawn-out slabs

Break the slabs down in a laboratory crusher
(set for max particle size: 19mm)

Dealing with severely cracked asphalt layers

2021/09/22

Can this be recycled in situ ??

E

g 8

g 2

g

Percentage Passing

\

T
|
|

01 1 10 Sieve size (mm)

= - - Required grading  —— Recycled cracked asphalt

Dealing with severely cracked asphalt layers

TYPICAL GRADING CURVES FOR MILLED ASPHALT

Percentage Passing

10 Sieve Size (mm)

Fast miling = = Recycld cracked HHA
—— Siow miling —— After impact crushing

AFTER IMPACT CRUSHING...

Either treat in plant (KMA 220)
and pave as a new layer

Or, replace in milled-out cut
and treat in situ with a recycler

13
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Layer excavation

Careful hand work
Layer by layer
Determine in situ density
Separate sample(s) for moisture content

Obtain sufficiently large bulk sample
Drive DCP probe(s) into subbase / subgrade
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TEST SLOTS
Full lane width
(750mm wide x 800mm deep)

Determine the damage
caused by traffic

Chapter 3. Pavement Investigation & Evaluation
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LABORATORY TESTS

(Primarily for material classification)

Indicator tests (gradings / Atterberg Limits)
Moisture / density relationship (mod AASHTO)
Material strength tests (CBR)

Durability (Los Angeles abrasion)

NB. Retain sufficient material for stabilisation mix designs
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Extract cores & DCP probes (outer wheel paths)

Cores: Recovery of bound materials (asphalt and cemented layers)

DCP probes: Layer thickness / in situ strength of subbase / subgrade

(relatively fine material)
Every 5km

‘ 1km ‘ lkm/ ‘ 1km ‘

Core extraction SARa

15
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Core extraction SARﬁ

FULL RECOVERY

Dynamic Cone Penetrometer (DCP) survey SAR&

Handlle
Upper Stop
Hantmer € kg)

Cane dimensions

—
3mm Zera mark “\

Cone angle 60° ATy e
~horrm|- DISPOSABLE TIPS™

Anvil -
[ where rods screw together

Upperclip -
[ reforence point for scale

Approx. 1335 mm

|+ Steel rods, @16 mm

[ Moasuring rod with adjustable scale

3— Lowerelip

DCP probes s, %Fi

Through core holes Or, pre-drill 25mm ¢ hole through bound layers
= -
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DCP probes SAR&

TEST PITS
(subbase / subgrgde)

Processing the data SA"&

MOUNTAINS OF DATA...
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ANALYSING THE DATA (making sense of the data)

Focus on one Uniform Section at a time

Collate all data for that section

Interrogate to identify misfits / outliers

Obtain additional information where necessary

UNDERSTAND VARIABILITY

17



For each Uniform Section:
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=S pERss ="
e | 4 | H R
= o

For each Uniform Section

SARERD

Example

HMA : 40mm - 60mm f 50mm

CBR >80: 130mm - 165mm 150mm

CBR >45: 280mm - 310mm

i . 290mm
(previously cement stabilised)

CBR >15: 125mm - 145mm 130mm

In-situ subgrade (CBR >10)

DEFINE REPRESENTATIVE PAVEMENT PROFILE

DISTRESS MECHANISM

Full-depth cracks
Moisture ingress
Pumping
Potholes

Asphalt aged / dead
Base layer damaged

Chapter 3. Pavement Investigation & Evaluation

SARERD
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PHASE 3.
Rehabilitation Options
What can be achieved by recycling ?

2 recycling options j
Option 1 Option 2
40mm HMA 40mm HMA
Existing New base layer P
Recycle with cement ?mm Recycle with bitumen
>~
50mm i
150mm | 1 ?
mm ?mm mm
290mm
130mm |

Estimating recycling depth (Option 2)
Structural capacity target (e.g. 15 x 106 Eg,) TRIAL
and SN
ERROR | 1
40mm HMA 40mm Coefficient
50mm -
150mm 2 ?mm x mm Coefficient
490mm :
290mm ?mm | (490-x) mm || Coefficient
130mm 130mm 130mm Coefficient
v
« |GB *© ||:> SNgeq SNjcr
AASHTO 1993 (Structural Numbers) (4.8) (>4.8)

19



Structural layer coefficients SAR&
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Typical structural layer cosfficients {from AASHTO)
Structural layer coesficient

Material type Characteristic {per inchj
Elastic moduluz
Asphalt surfacing 2,500 0 = 10,000 MPa 02010044
Asphalt bass Continicusly graded (8% voids) 02010 0.38
Bitumen treated base 010to0.30
Graded crushed stone CER > B0% o014
Matural gravel, type 1 CBR &5 to 80% o1z
Matural gravel, type 2 CGER 4010 65% oo
Soil, type 1 CBR 15 to 40% .08
Soil, type 2 CBR7to 15% 0.06
Cohesionless sand Pl=0 0.04 to 0.05
Cement-treated crushed stone 1.0 <UCS <3.0 MPa 017
Cement-treated gravel UCS <10MPa oz
SUGGESTED STRUCTURAL LAYER COEFFICIENTS
Page 155 FOR BITUMEN STABILISED MATERIAL (BSM)
[structurat (per inch) | ‘ NI_X
018 0.23 028 | 0%
- T T T x
e [moirect (ITs) AFTER | %
HRRs % 100/ 150mm & specimens
A= 13
Msonlkea) 95 175 225
MSyer & Miou (Pa) |50 = 00
P T | \
Wirtgen Cold Recycling Manual Mcaum (kP2) % s i
Part 1: Technology | \
Cohesion (kPa) 50 100 250
Angle of Frction [*) 25 3 o
[ waresiai con vauue serone sTasiLisATION (s 100% compaction)
Waterials vith COR - 200
ot recommended
40 ot - )
ANTICIPATED APPLICATION RATE OF BITUMEN FOR STABILISATION
% by mass)
| 25-40 [ 2030
L I L1 L 1
Chapter 3. Pavement Investigation & Evaluation S’:ERFi
Structural capacity target (e.g. 15 x 106 Eg,) SN
-+
40mm 0.44
225mm 0.3
265mm 0.12
130mm 0.06
v
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Mix design to confirm the assumed properties
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Pavement design to confirm structural capacity

. .. | Resilient
Th(lrc:':e)ass Po::i?on S | modulus
(Mpa)
40 0.4 2500 )
Modular ratio rule
225 0.35 840 (unbound material)
265 0.35 280 — software
130 0.35 140
© 0.35 80 START

Check on variability of recycled material

SARERD

MATERIAL UNIFORMITY

Uniform STRUCTURAL Sections

Uniform MATERIAL Sections

21



Identifying “Uniform Material Sections” SAR&
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INSPECTION HOLES (recycling depth)

km 2 km 3 km 4 km 5 km 6 km 7 km 8

""

[] [} [] ] [ ] [} [ ]
B
B

Indicator tests
(Gradings / Atterberg Limits)

Chapter 3. Pavement Investigation & Evaluation

Chapter 3. Pavement Investigation & Evaluation
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Testpic | Depth [ sase fayer siciy | Uinear
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FINER MATERIAL

COARSER MATERIAL

Some important considerations for in situ recycling S&R&

Contamination with poor underlying material
Understand the capabilities of a recycler
Poor grading of recovered material

Where exactly is the cut horizon?

Be aware of the existing road shape (camber / cross-fall)

Contamination SﬁR&

\ Inclusion of poor quality

subbase material

23



Avoid contamination / import new material
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RA / G2 IMPORT 25mm|:5'g st 40mm
mm i

s5omm | w2k

290mm 290mm

130mm 130mm

In situ recyclers Sﬁﬁa

Chapter 3. Pavement Investigation & Evaluation s

5

The cut horizon is dictated by the slope of the machine

Darker

Consequence of not “zero-ing” the machine

24
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The recycler will follow the existing surface shape

Pre-shape the upper material in the layer to be recycled

Final surface levels
Actual cut horizon
Required cut horizon

Required layer thickness
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Or, import new material to achieve the correct cross-fall ?

Imported material

Beware of introducing non-uniformity !

Pre-pulverising and spreading prior to importing the new material may be required

Pre-shape before importing new material SARF§

Pre-pulverise the existing base material

y

25



Pre-pulverise the existing upper horizon SAR&

2021/09/22

Min 50mm above the final recycling / stabilising horizon

Pre-pulverising SQRFi

Pre-pulverise across the full recycling width

WIRTGEN

i Recycling horizon

26



Pre-shape to follow the design line / pre-compact

WIRTGEN
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Pre-shape to match final levels / compact

T +$: 3 %;za::&.&.&w"ﬂ
B gﬁ*s,, ,L.f,:.:,;.x.:,,g:,;gﬁf % %

WIRTGEN

Import / spread and compact fresh material

O
R
e
R
e

WIRTGEN

Import / spread and compact fresh material

Uniform blend of treated material

27



SUMMARY (pavement rehabilitation by recycling)

SARE D

2021/09/22

Understand the rehabilitation requirements

Carry out a comprehensive investigation

Recognise variability and deal with it

Investigate / evaluate several rehabilitation options
Evaluate each option (whole-of-life costing)

Understand what recyclers can do / can’t do
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