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Disclaimer:

Any hardcopy of the report is considered an uptohfrolled document. The user acknowledges the printing of
hardcopies is done at their risk. Responsibility for-ensuring copies of the current version in circulation resides with the
user.

Downer/Road Science Copyrighted Degsighvestrictions on wider use

The design information providediemains, the property of the inhouse pavement design team within Downers Road
Science division. Unauthorised._réproduction, in full or in part is forbidden and will breach copyright.

Acceptance of this Read-Seience design report is subject to the following express qualifications

. That tHe design services are provided on terms and conditions set out in the IPENZ Short Form Agreement for
Consultant Engagement
(http:/Iwwwiipehz.org.nz/ipenz/practicesupport/endorsedinfo/ShortFormAgrmt_Mar2012.docx )  which terms are
agreede be’expressly imported into this contract; and

. That it is acknowledged and accepted that design services are provided on the basis of, and reflect,
tésting the Downers Road Science team has done on the fundamental performance characteristics of pavement
materials measured in the Road Science laboratory and that whilst it is considered the solution proposed will deliver
significant costs over a conventional design and/or give greater confidence to the pavement meeting the design
life, Downers Road Science division does not (i) warrant that the pavement design produced by Road Science
complies in all respects with the NZTA and Austroads Pavement Design Guidelines; or (i) guarantee the resultant
pavement life. The only instance in which Downer accepts liability for any pre-mature failures of the pavement
designed by Road Science is where Downer is engaged as the main contractor to construct the designed pavement
and can exercise full control over quality and materials used
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The 2 July 2014 memo by details several assumptions in the
economic analysis of two different pavement options. A few of these assumptions
are questioned and discussed. However, despite questioning these assumptions the
author still favours the alternative Hilab option primarily due to the lower risk of early
pavement failure rather than a reduction in vehicle operating costs.

| ¥

There are two pavement types being considered both are three) layer cement
stabilised pavements totalling 620mm over a 650mm subgrade\improvement layer
with a CBR of 10% on a subgrade CBR of 3.5%. The only difference is for the
“alternative option” the top 400mm of one of the pavements uses Hilab with 3%
cement while the other “base option” all the three layers“are standard aggregates
with 2% cement. Flexural Beam Tests with Hilab show double the strength than with
the same cement content using standard aggregatel. Therefore assuming twice the
strength with the Hilab the following deflections arecalculated:

Modulus Stiffness of the top 400mm of the /~Pavement Deflection, Estimated from
pavement (underlying material the ~CIRCLY
modulus values are unchanged)

10,000 MPa 0.41 mm
5,000 MPa 0.51 mm
2,500 MPa 0.62 mm
1250 MPa 0.76 mm

From the analysis-ifis shown that halving the strength/stiffness results in a 0.1 mm
increase in thickness. This difference in deflection is small compared with the 0.4mm
increase inspavement deflection assumed in the Opus memo. Therefore, the
differencé€ inwehicle operating costs are considered to be smaller that is calculated
in the Qpuws report. However, the base option will likely return to unbound within 10
years \@nd thus the pavement deflections will increase to the 0.76mm while the
alterpative option should remain bound and the deflections will remain around
0.5mm.

| support the risk profile numbers give by Opus as shown below:

Copyright Road Science
Status: Draft () ROAD SCIENCE

LEADING PAVEMENTS TECHNOLOGY




Huntly Section: Pavement Economics — Review of Opus Calcs by JEIFE)) 4

Table 5: Risk Probability Scenarios

Risk Probabilities
Scenario Base Alternative | Comment
Option Option
Early Failure - within 20% of design life (road
1 0.10 0.05 fails in year 6, replacement lasts normal design
life)
Premature Failure - 20-70% of design life
2 0.20 0.10 (road fails in year 11, replacement lasts normal
design life)
Predicted Failure - 70-130% of design life
3 0.50 0.5 (road fails in year 28, replacement lasts
beyond analysis period)
Late Failure - 130-150% of design life (road
4 0.15 0.25 fails in year 35, replagement lasts beyond
analysis period)
Long Life Failure —.beyond 150% of design life
5 0.05 0.10 (road fails in «year 38, replacement lasts
beyond analysgis\period)
Sum 1 1

The main reason for supporting a lower risk profile for the Hilab Alternative Option is
the significantly greater strength and ihus-ability to remain bound over the design
life. A design criteria developed from,NZTA research requires the tensile stress at the
base of a stabilised layer to be lgssythan half the beam flexural tensile strength to
ensure the stabilised material remdins bound. The Figure below demonstrates this

design check.
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Poor result . . —
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Figure — Flexural beam tests and horizontal Tens’l\e}hﬁess design check.

Assuming no bond between the sTobiIise@ers (see photo below) CIRCLY was used
fo calculate the tensile stress at the b f the stabilised layer for both the base and
alternative option. This calculatedNensile stress was compared to typical tensile
strength of the base (2% cementwith M4 aggregate) and alternative (3% cement
with Hilab aggregate) to de ine whether or not the material will return to an
unbound state. This analysi nd that the base option is likely to retfurn to unbound
and thus a shorter life than the alternative which will remain bound over the design

life. Q/

LN

e Tensile Stress at Typical Design Will the stabilised
0 base of layer (kPa) Tensile Strength material return to
(note this is halve unbound?

%Q/Q beam strength or

equal to ITS)
Hil Alternative 601 kPa 800 kPa No
O ion (5000 MPa)

 Bdse Option (2500 492 kPa 400 kPa Yes
MPQ)
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Figure — Photo of debonding be’fweenég o stabilised layers.

4 Summary

Overall | support the ecor(g:\i\onolysw undertaken in the Opus memo, except the
benefits for a reductio pavement deflection for the Alternative Option will only
occur after 10 years Base option returns to an unbound state.
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