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Some of you visited Nottingham in September
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I Netnoem Key points on ownership

* The road “owner” usually dictates the design method
* Major roads are owned by England / Wales / Scotland / N. Ireland

» Authorities are “Highways England” / “Transport Scotland” /
“Llywodraeth Cymru” / “Department for Infrastructure”

e These (usually) produce common guidance
* About 1200km of their roads are owned through a DBFO company

 Highways England owns ~4500 miles (7 200km) of road
* Total road length 1in England 1s ~190 000 miles (305 000km)

 Highways England roads are 2.4% of English network but carry
33% of traffic and >50% of truck traffic

* Other roads are owned by local authorities (counties / cities)



nottingham| ENGland’s road network
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Trunk Motorways 2.4% length
4[ EE:;EEE }—‘ Major roads I— = 6000km +

Trunk ‘A’ roads ‘ ~1150km DBFO
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Principal Motorways

Major roads
Principal ‘A’ roads

Locally managed 97.6% Iength
~ 305 000km +
~50km DBFO

Minor roads

| —

Local Authorities and DBFOs are free to adopt their own
design methods 4
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m Design Manual for Roads and Bridges (DMRB)
m (Plzase note: An alpha numeric Index for the complete DMRB can be found in Violume 0 Section 1 Part 1).

i) Design Manual

Contract Documents

Interim Advice Notes

Network Management / Servicing
Asset Data Management Manual

Technology Manage’t & Maintenance

Volume 12 Traffic Appraisal of Road Schemes
Volume 13 Economic Assessment of Road Schemes
Volume 14 Economic Assessment of Road Maintenance

WVolume 15 Economic Assessment of Road Schemes in Scotland
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m Design Manual for Roads and Bridges (DMRB)
m (Plzase note: An alpha numeric Index for the complete DMRB can be found in Violume 0 Section 1 Part 1).

DMREB Table of Contents

Volume
Volume 0 Introduction and General Requirements
Volume 1 Highway Structures: approval Procedures and General Design

Volume 2 Highway Structures: Design (Substructures & Special Substructures), Materials

m Volume 3 Highway Structures: Inspection & Maintenance
Pilots and Trials Volume 4  Geotechnics & Drainage
Volume 5 Assessment & Preparation of Road Schemes

Volume & Road Geometry

ﬁ The Tmfﬁf 5"5&“_15 c Yolume 7 Pavement Design & Maintenance )
Signing Registry

Volume 8 Traffic Signs & Lighting

Volume 9 Traffic Control & Communications

Volume 10 Environmental Design

Volume 11  Emvironmental Assessment

Volume 12 Traffic Appraisal of Road Schemes

Volume 13  Econmomic Assessment of Road Schemes
Volume 14 Economic Assessment of Road Maintenance

WVolume 15 Economic Assessment of Road Schemes in Scotland
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VOLUME 7 - PAVEMENT DESIGN AND MAINTENANCE

Section 1 Preamble
Not Used

Section 2 Pavement Design and Construction

Part 1 HD 24/06 Traffic Assessment

Part 2 Not Used

Part 3 HD 26/06 Pavement Design

Part 4 HD 27/15 Pavement Construction Methods

Part 5 CD 239 Footway and cycleway pavement design

Section 3 Pavement Maintenance Assessment

Section 4 Pavement Maintenance Methods

Section 5 Surfacing and Surfacing Materials

Part 1 CD 236 Surface Course Materials for Construction (Revision 3)
Part 2 HD 37/99 Bituminous Surfacing Materials and Techniques
Part 3 HD 38/16 Concrete Surfacing and Materials

http://www.standardsforhighways.co.uk/ha/standards/mchw/index.htm 8
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Choose
Subgrade | foundation quality Traffic
you want to
provide
| Class 1 |
Design fche ‘ Class 2 ‘ Upper
foundation pavement
t Class 3 I/\ design
Standard
(construction) ‘ Class 4 ‘

traffic is assumed
10
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I Noinorem Foundation design (IAN 73/06 rev09)
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Choice of classes based on stiffness

Class 1. Capping only

{ . 'ﬂ -

] "

Class 2. Granular subbase |
Class 3. Weak HBM subba:
Class 4. Strong HBM subbe

Measured using a
dynamic plate test




I Nooeem Foundation Roles

1.Protect the subgrade: Natural ground
cannot usually bear traffic load directly; it v stiffness helps
would deform and rut.

2.Support overlying layers: Minimise _
bending of valuable upper pavement layers ¥ stiffness helps

3.Guard against deformation in the
pavement layers: All pavement materials
must be stable enough not to deform.

4.Ensure ‘maintainability’: The design
must ensure that it is possible to carry out
necessary maintenance.

% not really stiffness

X not stiffness

13



' Netingem Determining foundation modulus

How do you find a Stiffness Modulus?

From CBR (either lab or insitu)
Modulus = 17.6 CBR**4

From DCP (insitu)
Penetration rate 2 CBR 2 Modulus

From Dynamic Plate Test (a.k.a.
Light Weight Deflectometer)

Direct measure of Modulus
15



' Notnerem Laboratory evaluation of foundation modulus
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From laboratory stiffness
tests (static modulus)

But be careful about water
content,stress conditions, age etc;
— especially HBMs (insitu <<< lab)

UK Standard — |20 72/06

16
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These are Restricted CER (%)

. ] . 2 3 5 8 10 12 15 20 25
designs; for a single 700 | ] T I N I |
fou ndatIOn |ayer Class 1 - Capping, MCHW1 Series 6l

600 Class 2 - Subbase Types 1, 2, 3 and
. E 500 Class 2 - Subbase Types CBGMA or
ThICker than rea”y ‘E’ 400 \\ :r?dG(';/ll:s’scsl-“S?er(;glsi Types CBGM
needed, but no testing & . N or CBGMB, C8/10
S ~
needed 5 e
< 200
-
You can still use CBR 100
for the subgrade if you 0
WIShl 0 50 100 150

Subgrade Stiffness Modulus (MPa)

UK Standard — 73106



' Notngem COmmon design — class 2 foundation

CBR (%)
2 3 5 8 10 12 15 20 25
700 1 1 [ 1 1 | |
m—Capping, MCHW1 Series 600
. . _ 600 .
Restrlcted dQS'gns, :\\ ;o;a;igu;datlonthlckness, Subbase Types 1,
i = 500 \\} T’otal Foundation thickness, Subbase Types
tWO foundatlon Iayers E Q\ = CBGMA or CBGMB, C3/4 or C5/6 ol
- 400 ‘ﬁ\\\\
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| 300 —
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100 Class 2 Capping
0 50 100 150
Subgrade Stiffness Modulus (MPa)

UK Standard — 73/06 =
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But there are also
thinner designs — but
the contractor carries the
risk now!

These are Performance
designs

I Netingnem Stiffness based, risk adopting, design

600

500

400

(mm)
w
S

200

Capping or Subbase Thickness

100 -

CBR (%)
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T I T I S I
E(foundation material) = 50MPa
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: dSS
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Subgrade Stiffness Modulus (MPa)

UK Standard — 73/06
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CBR (%)
2 3 5 8 10 12 15 20 25
500 || I I I | .
E(subbase) = 500MPa
E E(subbase) = 750MPa
400 E(subbase) = 1000MPa
Pe rfo rm a n ce é E(subbase) = 2000MPa
s 7))
design Class 3 200 1+
< E=500MP
E 200 NS
0 E=2000MPa
2 100
2 |
7 | Class 3
O B T T T T }
0 50 100 150
Subgrade Stiffness Modulus (MPa)

UK Standards — |2 72/068 =0
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Equivalent Designs — 35MPa Subgrade (3% CBR)

Restricted Performance
Performance

E = 50MPa = P Performance
=7
>MPa E = 100MPa

520mm

450mm 390mm 360mm




Noinghem| EX@MpPle — Foundation Class 2
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Equivalent Designs — 35MPa Subgrade (3% CBR)

Restricted Performance

Performance

E =150MP Performance
? E = 200MPa

E = 250MPa




I* Netneem Upper pavement design

Now you come to the upper part of the pavement

The first thing to sort out is the traffic in millions of
standard (80kN) axle loads (msa)

UK Standards — HD24/06 .



IF Netnoem Loading - HD24/06

Wear Factors (= conversion factor to standard axles)

Vehicle Type

Hakim Frith

Highways England Collop (1999)

(1998) etal (HD24) Flexible Rigid
(1997) Maintenance Newroad Rut’g Fatigue

2 axle rigid - 0.40 0.40 0.60 1.16 146 0.68
3 axle rigid 1.16 1.26 2.30 3.40 2,32 2.39 1.29
X EIvil(Hill 0.30 0.65 1.70 2.50 1.79 1.63 0.68
4 axle rigid 1.75 2.80 3.00 4.60 285 3.12 2.12
S A e (il 0.84 1.00 1.70 2.50 271 2.26 1.10
b aled Bl 2.02 2.50 2.90 4.40 3.70 3.94 2.65
G A el 1.78 1.69 3.70 5.60 3.04 3.03 1.48
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' Netngnem Do-it-yourself designs
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« DBFO organisations don’t have to follow any design
process

* They have a delivery requirement (residual pavement life at end of
contract and maximum permitted maintenance occupancy during
contract)

* They might employ a specialist designer’s approach

* Local authorities can do anything they like

* In practice they usually copy Highways England designs due to
lack of expertise and to avoid risk/litigation

* Often leads to over-design and/or unresponsive design to local

conditions, materials, climate %0
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* UK designs have derived from empirical design charts

 Empiricism has been refined by much work (originally by
TRL)

« Addition of new materials, new loadings, new reliability
targets, etc. has relied upon analytical extrapolation

* The resulting documents are reasonably flexible for
designers of heavily trafficked roads

* There’s no generally accepted appropriate method for city
streets and local / minor roads

27
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