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Newton’s Third Law and ‘Anvil’ support condition concept 

‘For every action, there is an 
equal and opposite reaction’

DESIGN STABILISED SUBBASE or SUBGRADE LAYER

Which support condition will achieve compaction??? 
SpongeAnvil

Anvil



Some in-house terminologies:

Anvil
= The strength of the support condition directly under the layer to be stabilised

Lower Reference Level (LRL) is the bottom of the stabilised 
layer. It is also the top of the Anvil that we want to assess =

= Dynamic Cone Penetrometer (DCP). Testing is measured from the LRL of the 
stabilised layer to assess the support condition (Anvil) 

The Subbase or Subgrade layer that is to be stabilised as per the design = DESIGN 
STABILISED LAYER



10+ things that can affect compaction
• Soil Tester – we always blame them first!
• Layer depths
• Compactive effort 

• (Roller type/size/speed/frequency/amplitude and number of passes)

• Moisture Content (Relative Moisture Ratio)
• Particles size and shape

• Anvil (the support underneath the stabilised layer) ???
• Working time / workability (setting up of the materials)

 Temperature effects working time
• Over compaction / decompaction with too much rolling effort 

(vibration in reverse direction)
• Unfortunately - Fraudulent test results
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In TMR, our Stabilised Subbase and Subgrade layers are most commonly 300mm and 350mm



Have you ever not been able to achieve proof roll (and compaction) in a stabilised layer?

300mm 8% Lime Stabilised Subgrade layer 

Anvil = 1.5 – 3% Insitu CBR

(DCP)

Toowoomba-Cecil Plains Road 2014

300mm 8% Lime Stabilised layer failing 
proof roll 7 days after completion

Moisture Content = 50.4%



Due to the very weak anvil construction process had to 
change. 

Grader unable to move the heavy clay, so lime added 
first to allow the design lime stabilised layer to be 
pushed out into a windrow/rill.

Anvil support layer lime stabilised at the same 8%.

Design stabilised layer material pushed back into box 
and stabilised as per the MRTS07A specification and 
design. 

Costs doubled (double the square meterage rate for the 
project). 

Toowoomba-Cecil Plains Road 2014 – early lessons



Learnings – It is extremely expensive to 
figure out the anvil is weak after the fact
TMR has found DCP’s to be the best way to determine suitable anvil.

• Anvil weakness (low shear strength) is caused from high 
moisture contents.

• The DCP/insitu CBR is a snapshot of the bearing capacity based 
on the moisture content at the time the DCP is performed. 

• The insitu CBR result will change with moisture content.

• Typically, problematic in CLAY subgrades (60% of Queensland).

• Therefore, when should the DCP testing be performed? 



Dynamic Cone Penetrometer (DCP)

As part of pavement investigation Prior to construction During construction

DCP’s are a very useful tool for assessing the Anvil. They are an affordable test with very prompt results/outcomes.

Due to the sensitivity of the results, TMR use the DCP (depth per blow) ‘Q’ method and not the Australian Standard (blows per 100mm) Method



Dynamic Cone Penetrometer (DCP) to assess bearing capacity

DESIGN STABILISED SUB BASE or SUBGRADE LAYER
DCP (ICBR)= >7% DCP (ICBR)= <7%

Lower Reference Level 
80

0m
m



Design subgrade CBR vs Insitu CBR (DCP)
Question: 

Design subgrade CBR under the design stabilised layer is 3%, a DCP tested from below the Lower Reference 
Level has an insitu CBR of 3%.

Can it be constructed successfully?

Design Subgrade CBR 3% vs DCP Insitu CBR 3% Design Subgrade CBR 3% vs DCP Insitu CBR 7%



MRTS04 Type K or Special K 
“Choose your own adventure”



Type K – Developed in 2017 Bruce Highway

As moisture content increases
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The objective on the Type K treatment is to reduce the 
Moisture Content in the lowest 150mm portion of the layer. 
Achieved from:
• Mixing dryer material downwards (therefore wet 

material upwards).
• In some cases, gravels mixed down to give some ‘guts’ to 

the material matrix.
• Hydrated lime for moisture dry back.
• Anvil is to aid construction (will not achieve permanency)



Provisional item – MRTS04.1 Annexure







500mm Deep Type K (with 10kg/m2 of lime)

500mm 

10kg/m2

Hydrated Lime

150mm Subgrade / Anvil Improvement

Image owned by Wirtgen Group and sourced from www.wirtgen-group.com

Weak support condition / Anvil



Compaction process
We can’t compact a 500mm deep layer, so we strip 150mm off and compact the lower 350mm portion of the layer.

Stabo mixing 500mm deep                            Strip top 150mm                   Padfoot Compaction



Compaction testing lowest 150mm (process standard)

Test density in lowest 150mm      Targeting 95% in lowest 150mm    Reinstatement of the top 150mm    



350mm Lime Stabilisation as per Design / Spec / Contract

350mm 

Design kg/m2

Hydrated Lime

Image owned by Wirtgen Group and sourced from www.wirtgen-group.com

350mm Deep Lime stabilised 
subgrade design layer as per 
MRTS07A/MRTS115 
Specification

150mm Subgrade / Anvil Improvement



Insitu CBR >7%

Insitu CBR <7%

Collinsville Elphinstone Road 

Tested from the Lower 
Reference Level prior to 
construction

The entire project needed 
to adopt the Type K 
process under the 
MRTS115 triple blend 
subbase



Warrego Highway – Amby (RoadTek)
Low DCP’s in the Anvil before Type K = 3 – 5%

DCP’s in the Anvil after Type K = 15 – 30%



Deep Dual stage patching with triple blend

September 2022 November 2022 May 2024



Deep Dual stage patching (RoadTek)

Date
Test ID 08-S01 08-S02 08-S03 08-S04 08-S05 08-S06 08-S07 08-S08 08-S11 08-S12 08-S09 08-S10 08-S13 08-S14 08-S15 08-S16 08-S17 08-S18 08-S19 08-S20
Chainage
O/S 3.2m Left 4.4m Left 3.2m Left 4.3m Left 3.3m Left 4.4m Left 3.3m Left 4.1m Left 3.2m Left 4.1m Left 3.2m Left 4.1m Left 3.2m Left 4.0m Left 3.2m Left 4.2m Left 3.25m Left4.55m Left3.1m Left 4.2m Left
Material Brown sandy clay Brown sandy clay Brown clayey sand Brown clayey sand Brown Gravelly clayey sandBrown sandy clay Brown clayey sand Brown ClayGravelly clayBrown sandy clay Brown sandy clay
400-450 0 0 6 11 9 45 14 60 10 35 17 60 30 >60 0 20 16 30 10 4.5
450-500 8 30 20 13 6 4 11 12 3.5
500-550 50 25 60
550-600 40 5 45 4
600-650 30 20 10 8 3
650-700 25 14 35 3
700-750 10 4 40
750-800 7 16
800-850 14 45 2.5 7
850-900 7 6 5 25
950-1000 9 12
1000-1050
1050-1100 14 11 12 12 6 3.5

2.45 2.68

13/03/2024 14/03/2024

1.30 1.37 1.75 2.08 4.23.753.142.9

Type K has now been adopted into a number of designs



Summary
 TMR pavement projects often incorporate stabilised subbases over clay 

subgrades; often as part of rehabilitation of existing roads
 Pavement design can be done for low CBR subgrades; but construction 

requires a suitable anvil 
 the layer below needs sufficient strength/stiffness to allow compaction
 typically DCP>7 required

 Type K deep stabilisation offers a cost-effective method of temporary 
stiffening of layers below the subbase to allow compaction
 Limits removal and reinstatement of upper material
 DCP provides fast, low cost assessment of moisture and support to trigger Type K

 Opportunities for extension into maintenance applications


