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Thickness Design Procedure.

Q : Is The Erosion Analysis Needed 

When a LMC Subbase is Included ?

John Hodgkinson AM

Honorary Member ASCP



Alternative title:

Proverb : There are none so blind as those who do not read



Austroads thickness design procedure : Introduced 1992

Austroads            PCA Engineering Bulletin      Legendary Bob Packard

                            1984                                       Principal Paving Engineer

                                                                           PCA                    



It has been around for 40 years !!

• How many people have a copy?

• How many people have read it?

• How many people have absorbed it?



In addition to the written Austroads Guide, software packages using the 

PCA equations/coefficients with direct input of traffic TLDs have been 

developed such as NSW RTA (TfNSW) 



PCA 1984. Development of design procedure – Appendix A



PCA Engineering Bulletin

Two design streams : 

Provide thickness to meet the following

• Fatigue Analysis 

Mitigate rupture from repeated loads

• Erosion Analysis

Mitigate joint/crack faulting arising from subbase 

erosion caused by joint/crack deflections under 

repeated loads



(late) Bob Packard

We had many discussions in 1980s/1990s

He agreed that erosion was the end result 

but the cause was joint/crack deflections.

In hindsight the erosion analysis may 

possibly have been better labeled as a 

joint/crack deflection analysis.

But as published it is the erosion analysis.



Two step procedure :

• Design on the basis that there is no LMC subbase

• Use chart – Appendix B -  for composite pavement including 

LMC subbase (*)

(*) The LMC subbase can be either unbonded or bonded. 

      Practice here is for an unbonded subbase

This will be compared with Australian approach where a LMC 

subbase has been standard in concrete highways for about 50 years 

and is included “upfront” in thickness design with substantially 

increased design CBR



American document written in the American pavement 

context in 1980s.

Step one.

• Does not assume the presence of any subbase

• Unbound subbase does not improve design CBR

• Design on the basis of foundation CBR

However :

Step two.

If you are considering a lean concrete subbase, the 

thickness is modified to yield an equivalent combination 

of concrete base and concrete subbase. Appendix B



One important note :

For highway traffic loading;

• An undoweled joint deflects more than a doweled joint/CRCP 

crack for a given truck load.

• for undoweled joints the erosion analysis controls the design

• for doweled joints/CRCP the fatigue analysis controls the design.

But for either pavement type and using software it does both 

fatigue and erosion analysis as a matter of course



Assume subgrade CBR 3%. 300mm SMZ CBR 15%

SMZ 300mm CBR 15%

Subgrade 700mm CBR 3%

Equivalent CBR (*) = ( 0.3 x 15 0.333 + 0.7 x 3 0.333) 3 = 5%

(*) Japanese formula - Austroads

Worked example to illustrate



Illustrative example – highway design

• Undoweled joints

• Concrete shoulder

• 1 x 108 HVAG ( Austroads TLD)

• Effective subgrade strength 5% (*)

• Concrete flexural strength 4.5 MPa

• Load safety factor 1.3 (**)

(*) see previous slide

(**) I would use 1.2 but stick to1.3 here

(or derivative software)

Without LMC, i.e. CBR5% - Base thickness ~ 315mm

Base thickness without LMC Subbase



Appendix B. Design of concrete pavements with Lean Concrete Lower course

Two options:

Bonded or debonded

Australian practice 

since 1975 has been 

for debonded



PCA Engineering Bulletin 1984 – Appendix B

Design of Concrete Pavements with Lean Concrete Lower Course

Chart for unbonded LMC



• Equivalent pavement to 315mm 

without 150mm LMC subbase

• Using indicative LMC flexural 

strength

• ~250mm base and 150mm 

LMC subbase

PCA Engineering Bulletin 1984 – Appendix B

Design of Concrete Pavements with Lean Concrete Lower Course



However when Austroads APRG convened 1989-1991 to develop Austroads Guide

• NSW RTA was already committed to LMC subbases

• Austroads influenced by NSW RTA

• So LMC included “ upfront”

• Greatly improved effective subgrade strength (CBR%) 

but the formal procedure is still followed



Austroads Figure 9.1 – Effective Subgrade Strength (CBR %)

Eldon Yoder

(Late) Ed Haber - Local modification

LMC better than “bound”

“bound subbase”



CBR Test (soaked)  – How many have seen one being conducted? 

Laboratory test

Field test - DCP



Once you get a CBR value 

above 30-40% in my opinion it 

becomes meaningless.

So I usually do not assign an 

effective subgrade strength 

above 40%

But that is “another story”



So

With same inputs as before but with an effective 

subgrade strength of 40%

You get a base thickness around 250mm

In this presentation I am not going to argue about +/- 5mm in discussing 

the erosion analysis, that is for “boffins”.



Comparison PCA/Austroads for highway loading

Thickness without LMC

About 315mm

Appendix B

150mm LMC

Base about 250mm

Insert 150mm LMC “upfront”

Effective subgrade strength 

40% (JH opinion)

Base about 250mm

Applying something often absent today - “engineering judgement”

The two line up fairly closely



So :  Is the Erosion Analysis needed when a LMC subbase is included ?

• You need to read and understand how the source PCA document works, 

and how Austroads adapted it, but with an “upfront” LMC and related 

substantially improved effective subgrade strength.

• With erosion analysis, answers are pretty much the same

• Is it necessary?

• The fact is - it is an integral element of the design procedure.

• I hear comments - leave out erosion to make base thinner, reduce 

construction costs

• If you “fiddle” with the design model the integrity of the process is 

compromised. Q : Is that engineering negligence?



But as I have said, when discussing/explaining this issue on many 

occasions over the past 35 years or so, nobody has to take any notice of 

what I say.
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