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ABSTRACT

Regardless of material types used (ie. flexible or rigid), pavement structures typically consist of a
wearing surface, a base layer and a subbase layer to protect the subgrade from damage caused by
traffic loads. Local government roads in Australia, particularly in urban environments often only have a
flexible base layer sitting directly on the subgrade. When the thickness of the existing granular base
layer is deemed too thin to satisfy rehabilitation design requirements, the base and subgrade layers

are insitu stabilised in a single process. This is termed Basegrade Stabilisation (Young, 2020).

This process has been used infrequently due to a lack of recognition and fear of substandard
performance when the subgrade is considered to form part of a rehabilitated pavement structure.
National and international literature supports the use of basegrade stabilisation, however no clear mix
design procedure exists to guide practitioners when considering the process. The objective of this
research was to develop a procedure to enable optimisation of trial mix designs that would satisfy the

requirements of a lightly bound basecourse for application in lightly trafficked local government roads.

Through laboratory experimental research, nine pavement types were examined. They consisted of
three subgrade materials of medium to high plasticity and subgrade proportions of 20%, 35% and
50% in the pavement structure. Three binder categories were added to the nine pavement types at
various application rates. These were lime/cement/flyash triple blends, slag/lime blends and
cement/flyash blends after lime pre-treatment. Unconfined compressive strength testing was the
principal test used with 72 tests conducted after 28 days of curing. The target strength was 1MPa to
2MPa which resembles a lightly bound material which has been used successfully in lightly trafficked
roads since the 1970’s.

86% of the experimental research results exceeded 1MPa. The lowest result was 0.3MPa and the
highest result was 3.3MPa. For the stabilised materials, Atterberg Limits were also assessed. The 10t
to 90" percentile range was 2.6% to 6.4% for linear shrinkage and 2.8% to 7.8% for plasticity index.
The average change in UCS regardless of binder type was 0.25-0.5MPa for a +/-1% change in binder
application rate. The sensitivity of subgrade type within the basegrade stabilised materials was low.
The average change in UCS regardless of binder type or application rate was approximately 0.5MPa

for every +/- 15% absolute change in the amount of subgrade included in the pavement.

A mix design procedure has subsequently been developed. It consists of ten mix design trials being
made available, based on preliminary assessment of the untreated basegrade structure. Elements for

evaluation include percent fines, linear shrinkage, plasticity index and proportion of subgrade.

Multiple recommendations have been presented for further research which will refine the indicative
mix design procedure recommended from this research. The identified further work revolves around
additional laboratory testing, using additional raw materials, trialling different stabilisation binders and

field validation.
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GLOSSARY OF TERMS

AC

AGPT
ARRB

AS

ATT
Austroads
AustStab

Basegrade Stabilisation

CBR
DCP
DESA
ESA
GB
GGBFS
GP
IPWEA
LS
MDR
MPa
NSW
Pl

PSD
QLD
QTMR
RTA
TAS
TINSW
UCS
WLS
WPI

Asphaltic Concrete

Austroads Guide to Pavement Technology

Australian Road Research Board

Australian Standard

Atterberg Limits

Association of State Road Agencies Australia and New Zealand
Pavement Recycling and Stabilisation Association

A blend of granular pavement material and subgrade material
stabilised with a chemical additive to achieve a UCS of 1-2MPa
California Bearing Ratio

Dynamic Cone Penetrometer

Design Equivalent Standard Axle

Equivalent Standard Axle

General Blend Cement

Ground Granulated Blast Furnace Slag

General Purpose Cement

Institute of Public Works Engineering Australasia
Linear Shrinkage

Moisture Density Relationship

Mega Pascals

New South Wales

Plasticity Index

Particle Size Distribution

Queensland

Queensland Department of Transport and Main Roads
NSW Roads and Traffic Authority (no longer used)
Tasmania

Department of Transport for New South Wales
Unconfined Compressive Strength

Weighted Linear Shrinkage

Weighted Plasticity Index

Development of a Mix Design Procedure for Basegrade Stabilisation

Scott Young, 2020



LIST OF FIGURES

Figure 1. Typical Flexible Pavement Structure (Austroads, 2017).......ccccuveeeeeiiiiiiiiiriee e e eiiiirieeeee e 1
Figure 2. Common Flexible Pavement Structure in Lightly Trafficked Roads ..........cccccccovvicivienneeennnnns 1
Figure 3. Application of Stabilised Materials (Austroads, 2019a) .........cccceveeeeiiiciiiiireee e srrrere e 2
Figure 4. The ‘Basegrade Stabilisation’ Concept (Young, 2020) .........ccueeeriiuirieiiiiieeeeiniiieeesiieeeesiieeee s 3
Figure 5. Basegrade Stabilisation Composition (image ref: AustStab, 2020)..........cccovvieeeiniieeeiniieeeens 3
Figure 6. TMR LinkedIn Sustainable Roads Promotion (Scales, 2020) .........ccccociveeiiiiieeiiiiiieee e 8
Figure 7. Subgrade and Earthworks Stabilisation Category (Austroads, 2019a) ..........cccccovvveeernennen. 10
Figure 8. Categories of Stabilised Materials for Pavements (Austroads, 2019a) ............ccccvvvereeernnnns 11
Figure 9. Cementitious Binder Options (Austroads, 2018) ........cccceiiiiiiiirieeeesiiiiiiieere e e e e sssrnrerere e e e 15
Figure 10. UCS v Lime Content in Slag/Lime Blend (reproduced from Wilmot, 1994)........................ 16
Figure 11. Soil Gradation Triangle (US Army Corps, 1984)...........uuuuuiurmimimrminininrnrnrnininnnnneninrnrnn. 18
Figure 12. Binder Selection Table (US Army Corps, 1984) .......coccuiiiiiiiie et 18
Figure 13. Categorisation of Base Course or Subgrade (produced from Little, 2009).............cccovuueeee. 19
Figure 14. Mix Design Flowchart for Subgrade Materials (Little, 2009) ........cceveiiiiiieiiiieieiiiiee e, 20
Figure 15. Mix Design Flowchart for Base Course Materials (Little, 2009).........cccccceiiiieiiiniieeeininnn. 20
Figure 16. Preliminary Binder Selection Chart (Opus International Consultants Limited, 2017) ......... 21
Figure 17. Preliminary Binder Selection Chart (Austroads, 2019a) .............euuverermrmimimimimineninrninininnn. 22
Figure 18. Site Inspection to Assess Stabilisation Suitability (Austroads, 2002) ...........cccccvvvvevvnininnnnn. 27
Figure 20. Stabilisation Suitability Assessment Flowchart (Brisbane City Council, 2011)................... 31
Figure 21. St James Court Locality & Limit of Work (Sunshine Coast Council, 2020) ............cccceuueee.. 33
Figure 22. Street View of St James Court (ref: Google Maps).........cieiiiiieiiiiieiiiiee e 33
Figure 23. St James Court Test Trench (Sunshine Coast Council, 2020) ..........c.cccceiriiereiniieeeininen 34
Figure 24. St James Court Basegrade Material Properties (Sunshine Coast Council, 2020) ............. 34
Figure 25. St James Court Pavement Design (Sunshine Coast Council, 2020)...........c.ccccvvvvevninininnnnns 35
Figure 26. Urban Basegrade Sites in Wauchope from 2017/18 Capital Works Program, NSW ......... 37
Figure 27. PMHC Basegrade Stabilisation Sites: Bain St (L), Campbell St (R) (Larkan, 2020).......... 37
Figure 28. Basegrade Stabilisation Sites in Tasmania (Google, 2020) ........cceeeeiiirereiiiieieiiiieee e 39
Figure 29. Basegrade Stabilisation Sites (Google, 2020) ..........coouiiiiiiiiieiiiiee et 39
Figure 30. Basegrade Stabilisation, Schoobridge Place, New Norfolk, TAS (Goodsell, 2020) ........... 41
FIgure 31, RAW MALEIIAIS ......eeiiiiiiiiee ittt sttt ettt e e bttt e s abb et e e s snbb e e e s annneeas 45
Figure 32. Raw Material Source Locations (Google, 2020) ............uururmrmimrmrmimieininininininrnrnnrnn.—. 45
FIGUIE 33. TYPE 2.3 GIAVEL.....eeiiiiieiiieee ettt ettt e e e e e s bbb e e e e e e e e s nbbbeeeaaaaeeanns 46
Figure 34. Source of Pittsworth Alluvial, Bongeen Rd .............cooiiiiiiiiii e 46
Figure 35. Source of Redlands Silt, ColliNgWOOd R ............ouiiiiiiiiiiiii e 47
Figure 36. Source of Wallum Court Clay, Wallum Court (left image ref: Google, 2020)...................... a7
Figure 37. 20Kg BINAEr SAMPIES ......ccoiiuiiiiiiiiiii e e e s eebbe e e snneeeas 48
Figure 38. Effect on OMC and MDD with Addition of Binder (Austroads, 2019a) ..........ccccovcvveeernnneen. 52
Figure 39. RaW MAterialS CBR.........ccoiiuiiiiiiiiiii ittt sttt st e e st e e s anbe e e e s nbbeeessnneeeas 59
Development of a Mix Design Procedure for Basegrade Stabilisation

Scott Young, 2020



Figure 40.
Figure 41.
Figure 42.
Figure 43.
Figure 44.
Figure 45.
Figure 46.
Figure 47.
Figure 48.
Figure 49.

Consistency Limits: RAW MaterialsS ..........cooiiiiiiiiiiieiaee e a e 59
Linear Shrinkage: Raw Materials (Border-Tek, 2020) .........c.eeveiiiiiieiiiieeiiiie e 59
Soil Classification: Raw MaterialS ...........cccooivieriieiiie e 60
Particle Size Distribution: Raw MaterialS ..........cccooovveiiiiiiiieiie e 60
Particle Size Distribution: Blended Raw MaterialS ............coerviiiiiieiieenee e 62
Particle Size Distribution: Compliance LIMIS .........cceeiiiiiiiiiiiiiee e e e 62
Particle Size Distribution: Blended Raw Materials v Compliance Limits .............cccceeneneee. 63
Soil Classification: Blended Raw MaterialS............cceveiiiiiiiiiiiiiiee e 63
Blended Raw Materials Weighted Classifications.............cocouviiiiiiiiieiiiiececc e 64
Linear Shrinkage Samples, PT8 (top) and PT9 (bottom) with 5% Lime/Cement/Flyash

(BOFAEI-TEK, 2020) ....ceiiuteeeeiiuieeee ettt ettt ettt ettt e e sttt e e s b e et e e bbbt e e o bbbt e e s sb et e e s asbe et e s anbe e e e e anbbe e e e annnne s 65

Figure 50.
Figure 51.
Figure 52.
Figure 53.
Figure 54.
Figure 55.
Figure 56.
Figure 57.
Figure 58.
Figure 59.
Figure 60.
Figure 61.
Figure 62.
Figure 63.
Figure 64.
Figure 65.
Figure 66.
Figure 67.
Figure 68.
Figure 69.
Figure 70.
Figure 71.
Figure 72.
Figure 73.
Figure 74.
Figure 75.
Figure 76.
Figure 77.
Figure 78.

UCS Samples in the 28 Day Curing Period (Border-Tek, 2020) ............cuvvvememimemimeninnnnnnnnn. 66
UCS Cast Samples (Border-Tek, 2020) ..........uuuuuruurmemummrerenrernennnmnenreenenmnenmnnn... 67
UCS Test Apparatus (Border-Tek, 2020) ..........uuuuuurrreumrmrminrnrnnnrnrenernmnmnnrennmn... 67
Mixing Slag/Lime Binder with Basegrade Material (Border-Tek, 2020)..........cccovcuvveernnnnen. 69
Phase 3a UCS v Triple Blend Application Rate...........cceveiiiiiiiiiiiiie e 73
Phase 3a UCS v Triple Blend Application Rate (by subgrade type)........ccccocvevrireeennnnnen. 73
Phase 3a UCS v Lime Content in Triple BIeNd..........occviiiiiiiiiiiiiiiec e 74
Phase 3a UCS v Lime Content in Triple Blend (by subgrade type).........cccccccvvvviviniennnnnnns 74
Phase 3a UCS V SUDGIa0de TYPE . ....uuuueerereeeiiieieieiereesesesesrsrsrsenesmsennsrennrnrersmnnnnnn.. 75
Phase 3a UCS v % Passing 0.075MM SIEVE ..........uuuuuririuiriiiririeieiereieiniernininrnenrn. 76
Phase 3a UCS v % Passing 0.075mm Sieve (by application rate) ...........ccccccevviieennnnnen. 76
Phase 3a UCS v % Passing 0.425MM SIEVE ........uiiiiiiiiieiiiiiee it 77
Phase 3a UCS V FINES RALIO ......coiiiiiiiiiiee e ciiieee ettt e e e e s st e e e e e e s snnnnneeeaeeeeannns 77
Phase 3a Plasticity Index and Linear Shrinkage: Pre and Post Treated Blends................ 78
Phase 3b UCS v 60/40 Slag/Lime Application Rate ..............euvvruiuieiiiriririiiiininininininnnnnnnnn. 79
Phase 30 UCS V SUDGra0de TYPE . ....uuuiieierieeiiieiiieieieieesusesesesesesesssasesrsesrsrsesennnrnnnn.. 79
Phase 3b UCS v Subgrade PropOrtiON ..............uuueuerrieieirieisieesesssiersrsreisreesisnennnn... 80
Phase 3b UCS v % Passing 0.075MM SIEVE ..........uuuuuiriiiiuiiiriiieieieieirinieesinininnnnnnn.. 81
Phase 3b UCS v % Passing 0.075mm Sieve (by application rate) ...........c.cccccevviviiennnnnen. 81
Phase 3b UCS v % Passing 0.425MM SIEVE ........eiiiiiiiiieiiiiee it 82
Phase 3D UCS V FINES RALIO .....ccoiiiiiiiiiiee ettt e e e e st e e e e e e e ennnaeeeaeeeeenns 82
Phase 3b Plasticity Index & Linear Shrinkage: Pre and Post Treated Blends ................... 83
Phase 4 UCS v 70/30 Cement/Flyash Application Rate............ccoooiiiiiiiiiiiiniiiiiiiiieeeees 84
Phase 4 UCS V SUDGrade TYPE.. ...ttt e e et ba e e e e e e e e 85
Phase 4 UCS v Subgrade Proportion ............ouuieiiiioei et a e 85
Phase 4 UCS v % Passing 0.075MM SIEVE .........ueiiiiiiiiiiiiieie et e e 86
Phase 4 UCS v % Passing 0.075mm Sieve (by application rate) ..........ccccocceeevniiieennnnnnn. 87
Phase 4 UCS v % Passing 0.425MM SIBVE ......ccuuiiiiiiiiie i 87
Phase 4 UCS V FINES RALO ......cciiiiiiiiiiiee ettt sttt e e e e st e e e e s s s nnnanneeaeeeeannns 88

Development of a Mix Design Procedure for Basegrade Stabilisation
Scott Young, 2020 Xi



Figure 79.
Figure 80.
Figure 81.
Figure 82.
Figure 83.
Figure 84.
Figure 85.
Figure 86.
Figure 87.
Figure 88.
Figure 89.
Figure 90.
Figure 91.
Figure 92.
Figure 93.
Figure 94.
Figure 95.
Figure 96.
Figure 97.

Phase 4 Plasticity Index & Linear Shrinkage: Pre and Post Treated Blends ..................... 88
UCS v Binder Application Rate (all 72 trHalS) ........eeeeiiiiiiiiiiiiie e 90
UCS v Untreated Material Linear Shrinkage (all 72 trialS) ..........cccooevvvieeeeeeisiiciieeee e 91
UCS v Untreated Material Plasticity Index (all 72 trialS) ........ccceeevviiciiiieeeeee i 92
Plasticity Index v Linear Shrinkage: Untreated Pavement Types (all 72 trials) .................. 92
UCS v Lime Content in Binder Blend (all 72 trialS) ..........cccovveereeeii i e 93
UCS v Subgrade Type (all 72 trialS) ......cooeiiiiiieiiieiie et 93
UCS v Subgrade Proportion (all 72 trialS).........cooueeieiiiiiieiiiiee e 94
UCS v % Passing 0.075mm Sieve (all 72 trialS) .........ccuvveiiiiiieiiiiie it 94
UCS V % Passing 0.425MM SIBVE........uuiiiiiiiiiaiiiite ettt e s e e 95
UCS V FINES RALO......itiiii ettt ettt e st e ettt e e s st e e s nnaae e e s nnneeeas 95
Linear Shrinkage: Treated MaterialS..............uuuuiiiiiiiiiiiiiiieieieiiieieieeeierrereerrne————. 96
Plasticity Index: Treated MaterialS .............uuuuuuirieiuiiiiiiiiieieieiereieierereerre ... 96
WPl vWLS: Test Phase 3@ and 3D .......ooiiii e 97
UCS Comparison: 5% Triple Blends v 5% Slag/Lime Blends ..........cccccceevniieiiniiieenninenn. 97
UCS Comparison: 7% Triple Blends v 7% Slag/Lime Blends .........cccoccveiniiiiiiiicennnnn, 98
UCS Comparison: 3% Triple Blends v 3% Lime Ameliorated General Blends .................. 98
Indicative Basegrade Stabilisation Mix Design Procedure ...........cccovvveeeiniieeeiniieeenninees, 101
Proposed Grading Limits for Basegrade Stabilisation ..., 104

Development of a Mix Design Procedure for Basegrade Stabilisation
Scott Young, 2020 Xii



LIST OF TABLES

Table 1. Binder Standards (AUSIroads, 2018)........ccccuuiiiiiiiieeiiiie ettt sb e e 14
Table 2. Guide to Property Limits for Effective Cementitious Stabilisation (AustStab, 2012) .............. 23
Table 3. QLD TMR Triple Blend Guide (AustStab, 2020).........cccuuireeeeiiiiiiiieieee e e seirrreee e e e e e ssrreneeeee s 24
Table 4. St James Court Mix Design Results (Sunshine Coast Council, 2020) ..........cccovcvveeriiiveeennnn 35
Table 5. Materials Profile and Design Data (Larkan, 2020)..........c.ccceeveeeiiiiiiieieee e ccviieee e 37
Table 6. Post Construction Test Results - FY19 Capital Works Program, Wauchope (Larkan, 2020) 38
Table 7. Mix Design Trials (S.P.A., 2020) ......ucuiiieiiiiiiiiie e s sseee e e e s s r e e e e s s bae e e e e e e e s snrraaeeeaes 40
Table 8. Trial Mix Design UCS ReSUltS (S.P.A., 2020) ........ccouiiiiieiiiiieeiiiiee ettt 40
Table 9. Construction Mix Designs (S.P.A., 2020) .......uuiiiieeiiiiiiiieie e r e e e e e srraaeeeee s 40
Table 10. Pavement Type CONfIQUIALIONS ..........uuiiiiiiiiee ittt sbr e e 42
Table 11. Research Test Matrix 01 — Untreated Materials ..........ccoovoviieiiiiiee i 43
Table 12. Research Test Matrix 02 — Treated MaterialS...........ccceeiiiiiiiiiiiieee e 43
Table 13. Raw Material Identification NUMDErS .............oiiiiiii i 44
Table 14. Binder Compliance Results: GP Cement (Wagners, 2020).........ccouvuiieeiniiieenniieee e 48
Table 15. Binder Compliance Results: Hydrated Lime (Wagners, 2020) .........cccccceveveveviiiieieieieieeeeeee, 49
Table 16. Binder Compliance Results: Flyash (Wagners, 2020) .........cccoiiiieiriiieeiniiiee e 49
Table 17. Binder Compliance Results: Slag (Wagners, 2020) .........ccoveveveieiiiiiiieieeeeieeeeeeeeeeeeee e 49
Table 18. Testing Phase 1: RAW MaLErIalS ..........cooiiiiiiiiiiiiee et 50
Table 19. Testing Phase 2: Blended Raw MaterialS............ccccccvvveviiiiiiiieeeeeee 50
Table 20. Research Experimental Testing Phases 3 and 4..........ccoooiiiiiiiiiiniiiee e 51
Table 21. Testing Phase 3a: Lime/Cement/Flyash Triple Blends............cccccccvvvvviiiiiiieeeeeeee 52
Table 22. Testing Phase 3b: Slag/Lime General Blends ...t 53
Table 23. Testing Phase 4: Lime Ameliorated Cement/Flyash General Blends..........cccccccccvvvvvnnnnnn. 54
Table 24. Raw Material CharaCteriSTICS .........uueeiiiiiiiiiiiiiieie et e et e e e e e e sbeeeeeeae s 58
Table 25. Descriptive Terms for Plasticity (TMR, 20198) ........ccoutiiiiiiiieiiiiee e 60
Table 26. Blended Raw Material Characteristics: PTL1-PTO ..o 61
Table 27. Blended Raw Material Characteristics: PTL1-PTO ... 65
Table 28. Lime/Cement/Flyash Triple Blend UCS Results: PT1-PT3.......ccccccciiiiiiiiiiiiieeeveeeeeeee 66
Table 29. Lime/Cement/Flyash Triple Blend UCS Results: PT4-PT6.......cccccccveeeiiiiiiiiiee e 66
Table 30. Lime/Cement/Flyash Triple Blend UCS Results: PT7-PTO.......ccccccciiiviiiiieeeeeeeee 66
Table 31. Blended Material Characteristics: PTL1-PTO.. ..o 68
Table 32. Slag/Lime General Blend UCS Results: PT1-PT3.......coooiiiiiiieeeeeeee 68
Table 33. Slag/Lime General Blend UCS ReSUItS: PT4-PT6........ccovvieiiiiiiiiiieee e 68
Table 34. Slag/Lime General Blend UCS ResuUltS: PT7-PTO ... 69
Table 35. Blended Material Characteristics: PTL1-PTO.. ..o 70
Table 36. Lime Ameliorated 70/30 GB UCS ReSUIS: PTL-PT3.....cciiiiiiiiiiiiieeeeeiieee e 70
Table 37. Lime Ameliorated 70/30 GB UCS ReSUIS: PT4-PTB.......ccceeiiiiiiiiiiiie e 71
Table 38. Lime Ameliorated 70/30 GB UCS ReSUIS: PT7-PTO.....cciiiiiiiiiiiiieieiiieee e 71
Table 39. Summary of all UCS ReSUIS (MPA)......ccoiuiiiiiiiiiieiiiiie ettt 90
Table 40. Summary of Experimental RESUILS...........o.uiiiiiiii e 99
Table 41. Proposed Grading Limits for Basegrade StabilisSation .............cocccvvviveieeiiiiiciiieee e 104

Development of a Mix Design Procedure for Basegrade Stabilisation

Scott You

ng, 2020 Xiii



1. INTRODUCTION

This research focussed on the development of mix design procedures for an insitu stabilisation
process that has already been implemented for many decades in Australia, albeit without a
recognised design approach. The process is termed basegrade stabilisation which is defined in
section 1.2. The sub sections listed below describe more about basegrade stabilisation as well as an
outline of the research approach adopted to quantify the mix design procedures that have been
developed.

o Pavement Structures

o Basegrade Stabilisation Defined

o Applications for Basegrade Stabilisation
o Research Objectives

o Research Methods

1.1 Pavement Structures

This research evolved from the necessity of local government authorities in Australia to depart from
theoretical standard flexible pavement structures (refer Figure 1), as a way to explore smarter and
more cost effective methods of pavement rehabilitation in the local government sector.

Wearing Surface

Base Typical
Pavement

Structure
Subbase

Figure 1. Typical Flexible Pavement Structure (Austroads, 2017)

The ‘necessity’ was based on the fact that not all road pavements in Australia were originally built with
the standard structure shown in Figure 1. Specifically, the subbase layer was often omitted and thin
layers of granular base course quality materials were built directly on top of the subgrade in lightly
trafficked urban environments, as this was all that was required to support traffic loads of the time.
Figure 2 illustrates this notion.

Wearing Surface Common
B Pavement

ase
Structure

Figure 2. Common Flexible Pavement Structure in Lightly Trafficked Roads
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There are many methods of pavement rehabilitation available to asset owners and insitu stabilisation
of typical and common pavement structures is one such method that has historically been performed
in existing granular base and/or subbase materials or subgrade materials such as clays and/or silts
(RTA, 2004). There are well documented design (Austroads, 2017), construction (Austroads, 2019a)
and performance (Hodgkinson, 1996) publications covering these processes, albeit only as
independent functions where any one of these layers is treated independently of the other. Figure 3
illustrates this ‘singular’ concept where multiple pavement structure alternatives are presented in this
Austroads publication for the application of a stabilised layer as a base course, subbase or subgrade

treatment.

Use of stabilised materials in
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7 - S R Thick concrete or asphalt layers
W Thin bituminous surfacing 5 h 5 P ¥
AN RIYAGTAN A . N t‘ *;

”,},\'):\J.i\\_'l(’,}/\'z Stabilised granular or modified (AR bl
:i\’\'l‘,’lf—_-\\;::::\lll" granular or foamed bitumen Aot e
TV ASTSDIAS  stabiised e

RN DA
LAY AL

Possibly some existing
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o
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Subgrade stabilisation

Thick concrete or asphalt layers Proposed pavement
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_:“.'.,34;{. L4327y in situ subgrade

SRR

Figure 3. Application of Stabilised Materials (Austroads, 2019a)

Often when common pavement structures are identified for rehabilitation, the absence of a subbase
layer results in the base layer having inadequate thickness to recycle using insitu stabilisation based
on the requirements to satisfy structural design requirements (eg. a 20 year design life). This
challenge however can be overcome by adopting the process of Basegrade Stabilisation in lieu of
other more expensive renewal treatments, such as complete removal of all pavement materials and

replacement with new imported materials.

1.2 Basegrade Stabilisation Defined

Basegrade stabilisation (Young, 2020) is the process of insitu stabilising existing granular pavement
materials that are mixed with subgrade materials and a suitable binder to improve the engineering
properties of the combined layers. Basegrade stabilisation occurs when the existing pavement gravels
comprising a base course (and/or subbase course) are not thick enough and subgrade materials are
incorporated into the granular materials to satisfy the required depth of stabilisation (refer Figure 4

and Figure 5).
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Stabilisation

Figure 4. The ‘Basegrade Stabilisation’ Concept (Young, 2020)

This form of insitu stabilisation is not a common method of pavement rehabilitation, largely due to the

lack of published mix design guidance and lack of recognition of the process.

1.3 Applications for Basegrade Stabilisation

There is some evidence from the stabilisation industry (AustStab, 2020) to advocate the mixing of
subgrade materials into existing pavement gravels on lightly trafficked roads in the local government
sector. However there is no documented protocol to enable mix design optimisation based on the
blended properties of the pavement and subgrade materials. This form of multi-layer insitu
stabilisation and the gap in mix design protocol forms the basis of this research. The process will be

identified as basegrade stabilisation in this research.

The predominant application for basegrade stabilisation in local government is existing roads that
have inadequate granular thickness and have been evaluated through structural analysis as requiring
a thicker treatment at the time of intervention. Therefore when a site evaluation identifies the
deficiency in existing pavement thickness, basegrade stabilisation can be considered. Figure 5
illustrates this where the design thickness exceeds the available thickness of existing pavement
material.

Basegrade Stabilisation Thickness

Base thickness + Subgrade Thickness

Figure 5. Basegrade Stabilisation Composition (image ref: AustStab, 2020)

The process of selecting of a suitable mix design to satisfy the structural design strength requirements
for a basegrade stabilisation treatment have not been specifically documented (Austroads, 2019a).

This current gap in the industry means that when a mix design is undertaken with the knowledge that
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the subgrade will be incorporated into the pavement gravels, the mix design may not produce an

optimum outcome in the first instance. This has the risk of one or more of the following

conseqguences:
i) The mix design process takes longer;
i) Commencement of projects may be delayed,;
iii) The mix design process cost increases;
iv) The mix design process does not provide an optimised recommendation, resulting in

potentially the incorrect selection of binder type and/or binder application rate;
V) Strength gains achieved during and after construction are too variable which affect the long
term performance;

Vi) The asset owner does not have faith in the concept of basegrade stabilisation.

The stabilisation industry will benefit from having access to an indicative mix design procedure that
considers pavements comprising a variety of subgrade material types as well as variations in

proportions of subgrade materials being incorporated into the pavement gravels.

This research will benefit local government engineers, consultants and geotechnical engineers across
Australia by providing evidence that blending subgrade materials with pavement granular materials

can achieve desired strength outcomes with the application of suitable mix design protocol.

Further, optimisation of the construction process for a basegrade stabilisation treatment using these
research outcomes can be determined to specify either a single day or multiple day process. This
decision will depend on the properties of the subgrade material and the proportion of the subgrade
material being blended into the granular pavement. There is anecdotal evidence from the stabilisation
industry that hypothesizes incorporation of some binders in a single day can achieve the desired
strength gain (ie. general blend cements typically comprising two individual binder types and triple
blends which typically comprise three individual binder types). This is in contrast to other basegrade
pavements that due to the higher proportion of subgrade being incorporated and/or the properties of
the subgrade being incorporated (eg. highly plastic where the liquid limit exceeds 50%), the
construction process requires the lime component of a triple blend to be applied first to ameliorate and
flocculate the clay components. This occurs prior to being treated with cementitious general blends,

usually the following day.

Subject to implementation of further identified work, a mix design procedure developed for basegrade
stabilisation treatments has the potential to be published by relevant industry bodies such as the
Pavement Recycling and Stabilisation Association (AustStab), the Australian Road Research Board
(ARRB), the Institute of Public Works Engineering Australasia (IPWEA) and Austroads.
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1.4 Research Objectives

The research project’s main objective is:

o To develop a mix design procedure for basegrade stabilisation treatments on local government

pavement rehabilitation projects identified in lightly trafficked environments.

This will enable pavement engineers and practitioners to systematically select a trial mix design
(or designs) for laboratory validation prior to commencement of a project. This procedure will
optimise the binder type, binder application rate and the construction procedure based on the
properties and proportion of subgrade materials proposed to be mixed into existing granular
pavement materials using insitu stabilisation.

Development of a mix design procedure will consider outcomes from experimental laboratory
testing on nine pavement types based on their ability to achieve a target Unconfined Compressive
Strength (UCS) of 1-2MPa at 28 days moist curing (TMR, 2020c). The target UCS imitates the
current Austroads definition of a lightly bound cemented material (Austroads, 2017) which is a
common strength target in the rehabilitation of local government lightly trafficked roads using
insitu stabilisation historically (Ritchie, 1993) and in today’s pavement rehabilitation environment
(AustStab, 2015).

The supporting sub-objective is:

o To optimise the construction timing strategy based on single or multiple day treatment of
basegrade stabilisation treatments. Currently in Australia the decision to carry out insitu
stabilisation of granular pavement materials that incorporate various proportions of subgrade over
one or two days has not been quantified. It is hypothesized that the proportion of subgrade being
blended into the base, combined with the consistency limits of the subgrade will dictate this
decision. This hypothesis is based on the 24 hour time period that has been adopted to
ameliorate the clay particles prior to being treated with a strengthening cementitious binder in
order to achieve the target UCS of 1-2MPa.
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1.5 Research Methods

The research methods that were used to satisfy the above objectives are set out below.

1.5.1 Literature Review

Background information and a literature review covering international and Australian content has been
presented. The literature review focusses on gathering and exploring information on stabilisation
categories and stabilisation binders and how they relate to basegrade stabilisation. The importance of
establishing a stabilisation mix design and examples where others have carried out basegrade
stabilisation with or without mix design protocol to guide them are also examined. The overarching
aim in the literature review is to justify the need to develop mix design procedures for practitioners to
follow when adopting a basegrade stabilisation treatment. Consideration of other learnings obtained

from previous research and/or experiences has also been introduced.

1.5.2 Case Studies

Three case studies from Queensland, New South Wales and Tasmania have been presented that
illustrate the current and ongoing use of basegrade stabilisation in local government. The various
levels of mix design protocol are detailed which support the demand for mix design protocol to be
established.

1.5.3 Experimental Research

A series of laboratory experimental tests have been performed on nine different pavement types,
representing variations in subgrade quality and subgrade proportions blended with a single source of
granular material, selected to represent an existing base course gravel in a lightly trafficked road. All
nine are indicative of basegrade stabilisation practices that could and do occur in the field (Wilmot,
2020).

The primary test was the unconfined compressive strength (UCS) test. The target strength was 1MPa-
2MPa measured after 28 days of controlled temperature curing conditions. All testing was conducted
in accordance with test methods published by the Queensland Department of Transport and Main
Roads. The results obtained were analysed using simple methods of comparing strengths achieved to
strength targets as well as comparing strengths achieved to various other properties of the nine
pavement types in the untreated and treated condition (ie. with and without addition of stabilising

binders).

Development of an indicative mix design procedure for basegrade stabilisation was formed on the
basis of the experimental research outcomes. In particular, where trends were identified as being
reliable with an acceptable degree of confidence, specific material properties and tests were defined
as criteria within the mix design procedure.
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2. BACKGROUND INFORMATION AND LITERATURE REVIEW

Information presented in this part of the thesis underpins the justification for the development of mix
design procedures for basegrade stabilisation technology. Seven areas have been investigated,

being:

o Australia’s Local Government Network

o History of Stabilisation in Australia

o Stabilisation Categories

o Lightly Bound Materials in Local Government
o Stabilisation Binders

o Mix Design Procedures

o Basegrade Stabilisation

Each of the above sections have a specific relationship with the research objective.

2.1 Australia’s Local Government Road Network

With the total road network in Australia being approximately 900,000 kilometres in length (White,
2006), roads managed by local government comprise around 75% of this, or 662,999km (Australian
Local Government Association, 2019). These are the most valuable assets for local councils to
manage, being more than double the value of the next valuable asset classes of buildings, stormwater
and wastewater (Australian Local Government Association, 2019). Yet as a mature society we
continually observe quantitative evidence published in magazines, engineering journals and
presented at industry conferences, detailing the ongoing shortfall of funding available to local
government to adequately maintain this asset class. A 2012 New South Wales Institute of Public
Works Engineering Conference (NSW IPWEA) paper reported 70% of urban councils did not have
enough funding to renew or upgrade their assets (Young, 2012). In 2019 it was reported that of all
taxation revenue collection by Australian governments, only 3.6% is allocated to roads in the local

government sector (Australian Local Government Association, 2019).

In recent years there has been a significant focus on improving the construction industry’s sustainable
footprint through the increased use of recycled materials in road making materials, not only to reduce
our carbon footprint, but ultimately to reduce costs. LinkedIn (LinkedIn, 2020) is a rapidly growing
digital platform with an exceptionally high reach to business professionals (Igbal, 2020). An extract
from a recent LinkedIn post by QLD TMR’s Director General is shown in Figure 6 to demonstrate this

sustainability focus.
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