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4.7 STRUCTURAL DESIGN
4.2.1 Design Principles

The forces acting on a cross section of pipeline arise
from three main sources:

A) Weight of overlying fill, including any local
surcharge.

B) Soil pressures transmitted fo the pipe from surface
loads, i.e. traffic and other transient loads.

C) Supporting reaction below the pipe.

The weight of water within the pipe is only significant
for larger diameter pipes.

A: Weight of overlying fill
There are four main conditions in which pipes are
installed:

a) “Narrow” trench.

b] “Wide” trench, or on the surface of ground
over which an embankment is then built [positive
projection condition).

c) Narrow trench over which an embankment is then
built (negative projection condition).

d) Tunnel, heading or by jacking.

The load W_ imposed by the backfill on a pipe in a
“narrow” trench can be found from Marston’s formula

from which the Tables have been compiled in Section
4.2.7.

These Tables are only applicable to rigid pipes laid in
“Narrow” trench conditions.

B: Traffic and other transient loads

Measurements have shown that on large civil
engineering works pipes may well be subjected to
their highest loads during construction. Here, three
categories of traffic loading are considered and rigid
pipes should normally be designed to withstand the
most onerous likely fo occur.

If during construction it is clear that excessive site traffic
loading will occur, the design should be checked
accordingly or special crossing places must be designated.

a) Main road loading is intended to apply to all main
traffic routes and to roads liable to be used for the
temporary diversion of heavy traffic.

As a guide it may be assumed that such roads carry
at least 200 commercial vehicles per day in each
direction. HA and HB loading are assumed to use
such roads (see BS 5400).

b) Light road loading applies to all other roads where
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heavy fraffic is unlikely to pass.

c) Field loading applies to fields, gardens and lightly
trafficked access tracks. This loading is also
considered o be adequate fo cater for occasional
heaps or stacks of materials on the ground surface.
Massive heaps or stacks likely to produce a more
severe loading should be treated as a special
design.

In assessing the loading category, regard should be
paid fo the possible future upgrading of a road. Pipes
under verges should normally be treated as though
under the road, with the possible exception of
motorways and trunk roads and should take account
of any planned road improvement. For non-public
roads such as estate roads or roads within works, an
assessment should be made of the heaviest vehicle
likely to use the road, and one of the above three
loading conditions selected as appropriate.

(: Supporting reaction below the pipe

British Standards for concrete pipes give maximum
crushing loads for each diameter and strength class
of pipe. Loads are applied in a 3 edged loading test
described in BS 5911. The pipe must not collapse
under the maximum load specified.

Proof test loads are also specified. Reinforced pipes
must not crack by more than a specified amount under
the proof load. The only proof load test for unreinforced
pipes is the maximum load.

Pipes of a small diameter {up to DN 300} may fail as
a beam. BS 5911 includes suitable values of bending
moment resistance.

Pipe bedding

This term is used to describe the complete arc of
material within the trench, or in the case of class “C”
or class “D” beddings, a special preparation of the
trench bottom.

Bedding factor

In the standard test on pipes the vertical loading and
supporting reactions are line loads and any trench situation
in the field is unlikely to produce such an onerous loading
condition. The strength of the pipe defermined in the
crushing test can therefore be multiplied by a bedding
factor which represents the amount by which the stresses
in the pipe are reduced because of the spreading
properties of the bedding for load and reaction.

The value of a bedding factor for a particular
method of construction is not a precise figure but
is affected by the quality of workmanship. The
values given whilst being conservative assume a
reasonable standard of workmanship and
supervision. If the designer needs a somewhat
higher bedding factor than stated a high standard
of workmanship and supervision must be specified
and guaranteed; alternatively a higher strength
pipe may be considered. If this is an extra strength
pipe adequate time must be allowed for the
manufacturer to supply.
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Factor of safety

To allow for unexpected site conditions or the vagaries
of construction a minimum factor of safety of 1.25
should be allowed on the calculated loads.

4.2.2 Design Assumptions

Surface Conditions

The Tables in Section 4.2.7 are applicable only to @
single pipeline laid in its own french, and have been
set out to give the loads on pipes under three surface
conditions, Main Roads, Light Roads and Fields.

Backfill loads

The Tables are caleulated using an equivalent soil
density of 19.6 kN/m?® (approximately 2 tonnes/m?).

Traffic loads

The loads referred to in the design principles have

values as follows:-

a)  Main ronds
Static wheel load of 86.5kN and an impact
factor of 1.3, giving a Total Static wheel load
of 112.5kN; contact pressure 1100kN/m2,

h) Light roads
Static wheel load of 70kN and an impact
factor of 1.5, giving a Total Static wheel load
of 105kN; contact pressure 700 kN/m?.

3] Fields
Static wheel load of 30kN and an impact
factor of 2.0, giving a Total Static wheel load
of 60 kN; contact pressure 400kN/m?,

Superimposed loads

These are not included in the Tables. If however such
loads are encountered and are of sufficient magnitude,
an allowance should be made.

Water Loads

These are included in the Tables. If the pipe is laid
below the ground water table, an allowance for this
load is not needed. However, as these loads are small
by comparison with other loads on the pipe, it has
been considered appropriate to include them only for

pipes of DN 600 and over.

Frictional factor K.
A value of 0.13 has been used for narrow trench
conditions.

Minimum cover over pipe

a) ltis advisable that pipes laid under roads should
have cover over the pipe of not less than 1.2m.
This cover should be maintained for main roads,
light roads (which may on occasion carry main
road traffic) and for pipes laid under grass verges
adjacent to a road (Tables B3 and B4). Where
pipes have o be laid with less than 1.2m cover
special consideration is needed to reduce the risk of
damage. Loads in columns headed 0.9 and 1.0 in
Tables B3 and B4 should be used only as a guide.
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b) For pipes laid in fields a minimum cover of 0.6m
should be provided. At shallower depths there is
a risk of damage from agricultural operations.

4.2.3 Design Method

The established method for calculation of loads on
buried rigid pipes is summarised in BS EN 1295
National Annex A, the principles of which are
explained below.

In general pipelines are laid in trenches and the pipes
used are designed to carry the backfill, traffic loads
and, when the diameter is 600mm or more, some part
of the water load under working conditions.

In order to improve the load carrying capacity of the
pipe it is laid on one of several classes of bedding (see
Table B2). Each type of bedding is allocated a “bedding
factor” (F_ ) which may be regarded as a multiplier
applied to the test load of the pipe.

The trench is excavated in the natural soil, the pipe is
laid on the selected bedding and the trench backfilled.
Load on the pipe due to the backfill develops as the fill
material seffles. The load on the pipe due to the backfill
is therefore the weight of the backfill taken over the full
trench width but reduced by the shear force from the
trench walls acting upwards (see Fig.B1). The backflll
load is calculated by using the Marston formula:

W,_=Cyw B2

where:

W_ = Backfill load (KN/m)

C, = Load coefficient, dependent on soil type
and the ratio of cover depth to trench width

w = Soil density (kN/m?)
B, = Width of trench {m)

Provided that the trench width does not exceed the
values given in the tablesy the loads given are
conservative and may be used with confidence.

The trench widths given will provide adequate working space
around the pipe for laying and jointing and also sufficient
room fo place and consolidate the bedding specified.

As indicated, the friction acting against the backfill is
provided by the trench walls and is roughly constant at
a particular depth. If however the trench width is
increased radically, B2 in the Marston formula is also
increased and a reappraisal of the load on the pipe
must be considered.
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Fig. BI

Ground level

Springing
level

Upward
friction

Upward
friction

Fig. B2

e
- prism
backfil

For any depth there is a trench width where friction planes
from the french walls become remote from the pipe and no
longer confribute fo the reduction of the fill load. In fact the
sefflement of the side prisms of backfill tend to increase the

Table B1.

Crushing Test Loads: W,

Grus‘hing»h:s'tlloads kN/m

Nominalsize Clqss . C]q? S CIG:SS il
= Maximum Maximum Maximum
of pipe DN

375 25 39 45

450 25 44 52

525 25 48 58

600 25 58 68

675 25 63 75

750 48 67 81

825 52 72 86

900 58 84 106
975 60 Q0 114
1050 64 Q5 120
1125 67 103 133
1200 72 109 138
1350 79 120 153
1500 87 130 165
1650 %4 145 183
1800 103 155 193
1950 110 169 212
2100 120 183 230
2250 128 194 244
2400 135 207 263
2550 145 222 279
2700 155 233 294
2850 163 244 314
3000 169 259 326
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load {see Fig.B2). This state is called the wide trench
condition. It is a positive projection condition.

In preparing the tables, due consideration has been given as
to whether ot any french width and depth, the narrow or
wide trench condition and load is applicable, and the standard
practice of using the lesser of these values has been adopted.

The tables give the totat loads for pipes of oll diometers specified
inBS 5911: Part 100. This load includes loading from backfll
and fraffic for depths of cover over the top of the pipe as follows:

Main Roads and Light Roads - 1.2m to 8.0m
Fields -0.6m to 8.0m

For DN 600 and above the water load shown is also included.

4.2.4 Pipe Bedding

The load bearing capacity of an installed pipeline
relates directly to the construction of the bedding which
is intended to level out any irregularities in the
formation, and provide uniform support around and
along the length of the pipe barrel.

Pipe sefflement will be kept to a minimum by the proper
selection and compaction of the bedding material.
The bedding should be compacted to a density not
less than that of the natural soil in the sides and bottom
of the trench. The bedding directly beneath or abeve
the pipeline must not be over compacted otherwise
line loading of the pipes will result.

On steep gradients, or where dewatering has taken place,
it is imporfant fo restrict ground water movement within
the completed trench. Selection of bedding or clay dams
across the full width of the trench will assist in this.

Under no circumstances should blocks or bricks be
placed beneath pipes. Any pegs used for setting out
or levelling must be removed.

Bedding materials

Any stable soil will act adequately as a bedding
material provided that it is placed and compacted
around the pipeline. From a practical point of view
granular material is compacted more readily and has
become widely accepted.

The bedding material should be of similar particle size
to that in the trench sides. Where the ground is clay
or silt, bedding material must consist of all-in gravels
to prevent the trench from becoming a drainage
channel and carrying away fines from the french walls
and bedding and causing setflement of the pipes.

Granular hedding material

The ideal is crushed rock or gravel but similar locally
available material having an angular or an irregular
shape may be used. Rounded single sized material is
not recommended as it may not provide a stable bed
especially for heavy larger diameter pipes.

WRc Information and Guidance Note (IGN) 4-08-01
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provides guidance on the particle size of material
relating to pipe diameter.

Sands containing an excess of fine particles are more
difficult to place and compact and will require a
greater degree of supervision on site to achieve a
stable embedment for the pipeline.

Selected bedding and fill material

This should consist of uniform readily compatible
material, free from tree roots, vegetable matter,
building rubbish and frozen soil. When used as fill,
the material should not contain large clay lumps or
cobbles. When used as bedding, all clay lumps should
be excluded.

“As dug” material may be used provided that it is
readily compatible and provides stable embedment.

Classes of bedding and bedding factors
The strength of an installed pipeline depends on a
combination of the strength of the pipe and the class

of bedding.

The selection of the bedding class is influenced by
many factors, which include the nature of the ground,
the loads acting on the pipeline in the trench,
availability of a particular strength class of pipe, and
the local cost and availability of the bedding material.

Where imported granular material is expensive and
where supervision of site work cannot be guaranteed,
it is preferable to specify a lower class of bedding
with a higher strength pipe, which is proved by works
testing, rather than vice-versa.

Taking into account the cost of labour, it is generally
more economical to lay the pipes on a bedding of
non-cohesive materials, or alternatively scarify the
trench bottom rather than hand trim the formation.

Normally loading calculations are made considering
the pipeline in complete lengths, between manholes.
The calculated strength class for a pipe to satisfy the
most severe loading condition between each pair of
manholes is then used throughout the length. However
there are occasions when it may be necessary fo use
a higher bedding class for a short distance where
locally the load is increased, for instance at a road
crossing of in an embankment.

The normally accepted classes of pipe bedding are
shown in Table B2 and in Fig. B3.
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Table B2.
Types of Bedding

Bedding) Bedding

foctor. ~ Description Suitability,

Class D Hand trimmed | Fine grained
flat bottom/ soils, relatively
formation dry conditions
Class N 1.1 Flat bed of Rock, mixed soils
granular allin
or selected
material
Class C 1.5 Shaped Uniform soils
formation {or relatively dry
scarify)
Class F 1.5 Shaped General
bedding of
granular
material
Class B 1.9 180° non General
cohesive
bedding
material
Class S 2.2 Complete General
surround of
non cohesive
bedding
material
ClassA |26 Plain concrete | Seldom necessary.
Plain cradle Higher strength
pipe with
lar beddi
Class A 3.4 Reinforced %r?nr;ti:r gl
Reinforced concrete cradle practicable and
economic option.
Concrete  |Sometimes used where an existing pipeline is
Arches to be surcharged with additional fill or a
road construction. Use the same bedding
factor as Class A cradles but calculate
loadings using the arch dimensions instead
of the outside diameter of the pipe.

Geotextiles
Where appropriate, geotextiles may be used to contain
bedding materials e.g. in running sand
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Fig. B3
Types of bedding

Class D

Hand trimmed flat bottom.
Bedding factor = 1.1

o Normal backfill
Degree of compaction
dependent upon surface
design requirements.

Class N

Flat granular layer.
Bedding factor = 1.1

e Normal backfill e

Suitable in fine grained soils and
relatively dry conditions. Hand trim
formation filling in any hollows,
Form socket holes as appropriate
with 50mm minimum clearance of
sufficient length to permit jointing.
Pipes are laid directly on the
formation.

Degree of compaction
dependent upon surface Very lightly
design requirements. compacted
Very lightly
compacted B -
\% lSOOmm
i300mm
B | [Well compacted
= Y | especially under
| Well compacted, | | |- \ / - | haunches of pipe
especially under Rt .
- haunches of pipej | |© .. A
NN
YR

I

Lay pipes on a flat layer of all-in or
selected material (see Note 1).

Very lightly compacted

*Scarifying formation is generally
adequate in practice.

Class C

Hand shaped bottom
Bedding factor = 1.5

Normal backfill
Degree of compaction
dependent upon surface
design requirements.

P———

Very lightly
compacted

l 300mm

S
\ Well compacted,

especially under
-| haunches of pipe

S

Suitable in uniform soils and
relatively dry conditions. Bottom of
the trench, or formation, profiled to
fit the barrels over a width of not
less than /2 B. with socket holes to
give at least 50mm clearance
under the sockets of sufficient
length to permit jointing. *

Class F

Granular bedding
Bedding factor = 1.5

. Normal backfill
Degree of compaction
dependent upon surface Very lightly
design requirements. compacted
e— B —— .
' l 300mm

T Well compacted
| especially under
| haunches of pipe

_

Very lightly compacted
Lay pipes on a flat layer of granular
bedding material on the formation,
{(see Note 1). Scoop out socket
holes with 50mm minimum
clearance; lay and joint pipes
which will settle slightly in to the
bedding. Sidefills, placed and well
compacted in layers.

Class B
180° Granular bedding
Bedding factor = 1.9

. Normal backfill
Degree of compaction

dependent upon surface Very lightly
design requirements. compacted
[ 300mm

| Well compacted

especially under
haunches of pipe

Very lightly compacted

Lay pipes on a layer of granular
bedding material on the formation
(see Note 1).

Scoop out socket holes, lay and
joint pipes, place and well compact
layers of the same bedding
material at each side of pipes, up
to springing level, taking care not
to displace them.

Class S
360° Granular bedding & surround
Bedding factor = 2.2

Normal backfill
Degree of compaction
dependent upon surface
design requirements.

-
L
N\

Very lightly
compacted

Well compacted
| especially under
aunches of pipe

Very lightly compacted

Lay, joint and bed pipes as for Class
B then place and well compact
layers of the same bedding material
at each side, up to crown level,
taking care not to displace the
pipes. This is followed by 300mm of
the same granular bedding material
but lightly compacted directly over
the pipe, after which ordinary
backfilling is commenced.

Class A

Plain concrete cradle
Bedding factor = 2.6

s Normal bockfill
Degree of compaction
dependent upon surface

Very lightly
design requirements.

compacied

i300mm

[ Well compacted
.| especially under
* | haunches of pipe

I]/ABC

11/43c

e Be——

Weak concrete screed

Class A concrete bedding, either
plain or reinforced each with 120°
cradle. Screed the formation,

Reinforced concrete cradle
Bedding factor = 3.4

. Normal backfill —
Degree of compaction

dependent upon surface Very lightly
design requirements. compacted

Be _
% 42 l300mm

ot | Well compacted
especially under
haunches of pipe

- e

Weak concrete screed
place blocks on the screed to
support pipes behind each socket.
Lay pipes, using packers on blocks

Reinforcemens

to achieve correct line and level.
At pipe joints, form construction joints
through concrete bed to ensure
flexibility of pipeline. Minimum width
of cradle I/, B, or B, plus 200mm.
Minimum thickness !/4B.. Pour
concrete carefully from one side to
Erevenf voids. Backflll when concrete
as atfained required strength.

Key
Normal Granular
backfill material
Selected [ Grade
backfill €20
material concrete

Very lightly compacted
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NOTES:

I.  Generally thickness of bedding (Y}, minimum of
100mm under barrels and 50mm under sockets.
In rock 200mm under barrels and 150mm
under sockets. Minimal compaction directly
beneath pipe.

2. Sidefills, whether of bedding material or of
selected material, must be well compacted.

3. Backfill or bedding material fo be highly
compacted above sidefills to 300mm above the
crown but lightly compacted directly over the pipe.

4. Normal backfill to be compacted as
appropriate.

5. With reasonable workmanship and supervision
these bedding factors are conservative.

4.2.5 Design Calculations

The calculated load “W_", which is the total load a
concrete pipe in a french is required to sustain, is
used in the design formula as follows:

Wt = We 2 Fse
F

m

where W, is the required BS fest strength.
W,_ is the load from Tables B3 or B4.
F.. is the factor of safety.
F_ is the bedding factor chosen.

Test strength of pipe (W,)

The test strength of a concrete pipe may be referred
to as W, or W,. Values are specified in BS 5911.
(See Table B1).

For a reinforced concrete pipe W is the load which
the pipe will sustain without developing a crack
exceeding 0.25mm in width over a length of 300mm
and W, is the load which the pipe will sustain without
collapse, irrespective of crack width.

However, to further simplify the procedure it is more
straightforward to use in the calculation the
maximum test load in every case and applying the
factor of safety of 1.25 throughout.

4.2.6 Worked Examples

The symbols used in the examples are those referred
to in Design Calculations {Section 4.2.4).

Example 1

What strength class is required of @ 900mm concrete
pipe fo be laid under a main road with a cover over
the top of the pipe 4.6m and on a 180° granular bed?
o= 1.9).

Edition 1 1999

From Table B3 Main Roads.

Total load = 149kN/m

Foo =125

Fo =19

W, =149 x1.25 -98.0 kN/m

1.9

From Table B1.
900mm Class H Pipe - W, =106 kN/m
Q00mm Class M Pipe - W, = 84 kN/m

Class H Pipe is required.

Note
Using Class S bedding W, = 84.7kN/m and a Class
M pipe could be used.

Example 2

The same pipe as in Example | passes under a light
road with a depth cover of 7.4m. What class of
bedding is required?

W, = 106 kN/m (see Example 1)
From Table B4. Light Roads

We =181 kN/m
W, =Wgox1.25
Fm
- =181x1.25 _9 13

106

From Table B2. it will be seen that either Class A Plain
bedding with F . = 2.6, or Class S bedding with F , =
2.2 may be used.

However it would be advisable (at this diameter) o
compare the costs of the two beddings and the
standard of workmanship before making a decision
as to the bedding to be used.

Example 3

A 900mm pipeline consisting of Class M concrete
pipes on a Class B bedding is to be laid across fields.
What is the greatest depth of cover at which these
pipes can be laide.

W, = 84kN/m
Foo=1.9

Total load to be carried = 84 x 1.9 = 128.0kN/m
1.25

From Table B5. Fields.
Total load at 4.2m = 126 kN/m.
Total load at 4.4m = 130 kN/m.

Maximum cover under these conditions is 4.3m
(opprox.)

THE COMPREHENSIVE GUIDE TO PRECAST CONCRETE DRAINAGE SYSTEMS

SECTION 4.
SYSTEM
DESIGN|

4.1
HYDRAULICS

4‘;24
STRUCTURAL

43
MANHOLE
DESIGN!




‘uolpIBpIsuod |pIdads pasu ||im sydep Jamojoys ip sadid T| sjoN

000 | 985 | Z5 | 895 | 655 | 6bS | ObS | LES | 125 | 21§ | €0S | vév | ¥8y | Sib | 99% | S | 8b¥ | 6Eb | L€V | TZb | blb | SOb | 86 | 06E | TBE | 8LE | W/ | OLE | L9E | V9E | €9€ | 19€ | 6S€ | 8SE | L9E | L9€ | 18E | 96F | 0°ZS | SU'b | OVSE | 00OE

0580 | 855 | 6¥S | OpS | CES | €25 | VIS | vOS | S6b | 98Y | 8Ly | OZF | 19 | 2Sb | EbV | ¥Eb | 92k | Llb | 60V | 100 | €6E | ¥BE | BLE | LLE | V9E | 6SE | PSE | LSE | BE | SVE | EVE | OVE | LEE | LEE | IVE | SKE | 296 | 6/E | U'Zb | 00'v | OZEE | 0S8

Edition 11999

Vv | 9 | L8 | 6Cb | Leh | ELb | SOF 96€ .Em 18¢ | €26 m#;..wmm Nmm, SvE | [ve | 966 | veE | lee | eze | 9 | €2€ | OZE | 02€ | €2€ | 67€ | av€ | £SE | Tav | SBE | 01zE | 0022

00£¢ | 82§ | 02§ | TIS | vOS | 96b | 88 [ 08 | Lib

0852 | 10§ | €6k | SBY | Lib | 9% | 9% | vSb | Ibb | 6€F | IEP | T20 | PLb | [OF | 66E | Z6E | ¥BE | L€ | 69E | L9E | ¥SE | 9VE | OVE | VEC | 82€ | EZE | LLE | SIE | ZLE | 60E | 90E | £OE | LOE | O | YOE | LLE | €2€ | SEE | £4E | OLE | 050 | 0657

o0z | b | v9v | ssb | osv | evv | ser | sev | Wb | wiv | 90w | ese | tec | vee | e | oz | woe | sse | @ | we | wee | e | e | sie | eoe | soe | woe | ez | ser | wer | sme | sz | ve | vae | omr | aev | woe | o | eee | s | oz | ook

0SZ | vbb | L6 | OV | EZb | [lb | OLb | €OV | 96E | 68€ | 2B | 946 | 69€ | 296 | 99€ | 6YE | ZbT | SEE | 8EE | LZE | SLE | BOE | Z0E | £67 | 167 | /82 | €82 | 082 | 847 | SiT | T/ | OLT | L90 | £92 | 68T | SLT | 82 | 862 | ¥6Z | OVE | 0ELZ | 0STZ

001z | 91p | OI | bOF | B&E | Z6€ | 8E | /€ | ZLE | 99€ | 6SE | 65 | 9vE | OvE Cpee | aze | we | sie | soe ] 2ot | sez HSW vz | o | e | o | e | e |ow | st | wst |z | ewe e [ eve | sst | oo | e | s ST | 0952 | 0012

0561 | 966 | 06E | ¥BE | BLE | ZLE | 99E | 09 | PSE | 8YE | THE | 9E€ | OCE | €2€ | ZIE | LIE | SOE | 66 | €62 | £87 | 18T | SLT | 69T | V9T | 68T | 9ST [ €ST | 0SE | LvD | BT | 6ET | 95T | £6T | €2 | BT | 6ET | ST | 192 | STZ | OLE | 0OKT | 0461

008L | 895 | 298 | Z56 | uSe | 9v€ | v | See | oge | vze | ele | €1e | 206 | 106 | 967 | 06z | v8Z | 6/z | €2z | 8% | 192

ST 18T 9 | b7 | 86T | SEC 6T | 8% | 52T | €2L | 0U | 8l oz | mg | we | sw | ver | £ey | s67 f ovze | oosl

0591 | ¢v€ | 9€€ | L€E | 92€ | 12€ | LIE | LIE | 906 | L0E | 962 | 067 | S8 | 08 | v% | 69T | $92 | ST | €5C | 8bZ | €vC | €L | €ET | 82 | €20 | 02T | L1 | HLT | OLZ | £0Z | €OC | 661 | SoL | €61 | b6l | 661 | v0Z | 602 | £'SL | 08Z | 0L0Z | 0591

00SL | SOE | 00S | 962 | L6Z | /87 | 282 | BT | €Lz | 692 | +9C | 092 | SST | 1Sz | 9wz | v | 62 | 26T | 822 ;mNN 81% | v1z | 607 | S0z | L0z | 86L | 961 | €61 | 06L | £8L | bBL | 181 | 8L | L0 | £ | 08L | Z8L | Z61 | O'EL | 09 | 08y | 0051

0SEL | 8LC | viZ | LLL | [9C | €9C | 6ST | SST | IST | LT | €6T | 6€T | VEZ | OEZ | 927 | 242 | 812 | €12 | 60Z | SOZ | 007 | 961 | 261 | 8BL | SBL | Z8L | 6ZL | 9ZL | €41 ) 0L ] 991 | £91 | (91 | O9L | 091 | €91 | 9L | SZ1 | 90L | 56T | 0591 | OSEL

00ZL | €S2 1 05 | LvC | bbT | ObE | [ET | €ET [ 622 | L | 122 | 8L | ML | L1g | [0 [ €07 [ 660 [ S6L [ 161 | ZBL | €BL | 6L | 9L | ZLL | 691 | 991 | €91 [ 091 | 8Sl wm_ kAL .mv_.”mq_ &L | vl [ ZpL | ESL | 8SL [ €8 | 0T | 06¥1 | 00ZL

STLL| Wb | BET | V€T | 16T | 82Z | SZz | 122 | 81 | b1z | L2 | L0z | ¥0Z | 00Z { 96L | €61 | 681 | S8L | 281 | 8.l 091 | 8S1 | SS1 | 2L | OSL | ZbL | €vL | SEL | WEL | EEL [ TEL | 9EL | €bL | £bL | €4 [ 027 | 061 | SElL

001 | 812 | Sz | 2z | 60z | £0 | e aN. oot | et |zt 68U | 980 | €81 |60 | 9z | e | oL | 51| bl IR “:_” @_z el | 9EL | 261 | oeL | 8oL | & | sul 5 59| S0z el | 0sot
Si6 | 207 | vou | 107 | 86l | 61 | 61 | 06l | /80 | v8L | 181 gL | ozL | 51 ovt | sel | sel | eet | en | szu foon | ean | eun | i | an | el | s | ooz | oozl | ste
aos | g6l | et | sst | 9mL | Bl :_,.;:. | || 218 0l sl 951 A8 al ﬁ_. FZAT I YO T VO Y U NV TV A S ozt | 00
s28 | 1st | 05U | evL | vl | syl | evl | zbl | ovl | gen | 9er | et | el | g1 | ezt | a2 oLt | 8iu | oun | i | zue | ont | 6ot 200 | 100 | won | oL | g0t | 6oL | E1L | 6€ 0voL | <28

Ly [ 06 | 966 | v€6 | S¥6 | 00L | ¥OL [ €€ | 05°L | 056 | 0S¢

ast | ovL | 6en | en | sen | ven [zen | en | oear | et | v | s mN_p «N_.;ow_; 1L .:,_..w:

829 | 6zL | 8zl | 9zl | szl | ¥gL | zel | Lzl | o0ZL | 6L0 | ZLL | 9tL | vLL | ELL | LLL | OLL | 801 | ZOL | SOL | €0L | ZOL | 0OL | 986 | O°Z6 | ¥S6 | b6 I'88 | €'/8 | 0/8 | 98 | €48 | Z€6 | 856 | 97 | S¥'L [ 088 | S/9

Total Design Louds - Main Roads.”H” = 0.9 metres to 8.0 metres
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